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A KEY TO THE HARMSWORTH SELF-EDUCATOR 
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l>uj;e (lOOH 


By Dr. C. W. SALEEBY 


^NE reason why the synthetic philosophy of 
^ Herbert Spencer has created an epoch in 
the history of human thought is that it is the 
first system of philosophy in which the due 
balance between induction and deduction and 
the necessity for the correction of each by 
the other arc fully recognised. 

How Spencer “ Squared *’ his Sys- 
tem with Facts. In order to frame secure 
inductions, the author spared no pains. He 
spent three thousand hard-earned pounds and 
many years of labour in order to collect facts 
as to the social life of various peoples, 
ancient and modem, so that he might have 
a wide enough base upon which to build 
any sociological generalisations that might be 
forthcoming. Wlicn, on the other hand, he had 
reached an induction by this process, his next 
proceeding was to use it as the starting-point for 
a process of deduction, and then to see whether 
the inferences from it “ squared ” with facts. 
Thus, for instance, lie has the inductions of 
ethics leading up to the principles of ethics, and 
the principles of ethics leading to practical 
maxims, which may or may not be already 
realised in human life. 

And here is where faith comes in. You 
begin with a number of facts, and infer or 
induce from them an induction or generalisa- 
tion ; then you make a fresh start with this, 
saying to yourself: “Well, if this be so, what 
follows ? ” Deducing from this proposition 
according to the accepted laws of reasoning, you 
may well reach certain amazing conclusions. 

A Man's Fight Against his Convic- 
tions. Tliis was not so in the case we have 
quoted, but it has often been so. These con- 
(;lusions are totally at variance with accepted 
belief. They seem incredible. They may involve 
the destruction of half one’s convictions. Such 
cases ore constantly encountered by the man 
who lives the intellectual life. What are the 
possibilities for him in such a fight ? 

One begins by re-examining the whole pro- 
cess. First of all, were the facts facds ? 
Secondly, were there enough of them? Were 
they properly chosen ? Or were they selected 
with a view to proving (not to proving or dis- 
proving) a certain jiroposition ? — which is the 
commonest form of intellectual dishonesty, 
and a sin of which none can cry “ Not guilty.” 
But supposing that all those questions can 
be satisfactorily answered, then the induction 
must stand. It will be well at this point to ask 
ourselves Avhether we have not unconsciously 
made our generalisation rather too wide. The 
only conclusion from an adequate study of 
facts in this country and at this time may be 
that vaccination confers immunity from small- 


pox. But we may have neglected the qualifying 
clauses and may have declared that vaccination 
will protect every species of man or of animal 
from smallpox. This may or may not be true, 
but it is at any rate a fallacious or illogical in- 
duction from the facts at our disposal. 

But suppose that our induction is free from 
all these flaws, then we must turn to our deduc- 
tive reasoning, or ratiocination, and seek for 
fallacies in it. We shall do this the better if 
we have ever had occiision to make a systematic 
study of sources of fallacy, iiut suppose all 
fallacies have been excluded, there remain but 
t>i^o choices. 

Faith and Doubt. Either we must have 
faith and accept the processes of our reasoning 
as valid, and Nature as a tnistworthy and 
incorruptible witness, letting all our preconcep- 
tions go without a. murmur, or w’e may be 
sceptical. In all ages there have been philo- 
sophers of both these classes. Tliose of the 
one class believe in the reason and the rational 
j)roce8ses ; they have faith. The proper philoso- 
phic name for their belief is rationed ism, Jt is 
one of the unfortunate facts of language that w'ortls 
are constantly diverted from their proper meaning, 
and the word rationalism has suffered this fate. 
But, nevertheless, that is its proj^er meaning. 

On the other hand, there are the philosophers 
who are sceptical. They declare that wffien the 
processes of logic are allowed rope enough, they 
always hang themselves. Tlierefore, whenever a 
conclusion is reached which seems absurd, such 
f)hilosophers have no hesitation in saying that it 
is absurd, and that its absurdity demonstrates the 
worthlessness of the process by which it w^as 
reached. This attitude of mind is properly to l)e 
called sceptivism. In the language of philosophic 
literature it is very commonly knowm as Pyrr- 
honism, from the Greek Pyrrho, the founder of 
the school of Sceptics. 

** How Came it that Neptune was 
There ? ” The reader will not expect from us 
anything so impertinent as a dogmatic assertion 
that rationalism is the whole truth or that sceptic- 
ism is the whole truth. On the contrary, we believe 
that it is the truth partially discovered by each 
that has kept it alive during thousands of years. 
Merely w'e note this — liefore leaving a fascinating 
subject — that the faith of the rationalist in the 
absolute validity of logic leads him into strange 
difficulties whenever his logic is pushed to the 
ultimate limits ; whilst, a,s for the sceptic, w^ho 
denies the validity of reasoning at all, ho may be 
asked one question, typical of the question always 
put by science to sceptics, “ How comes it that 
when Adams and Levenier, each indejiendently, 
placed his telescope upon a certain spot in the 
heavens, Neptune was there ? ” 
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Wc may also note that, just as absolute rational- 
ism can always be made to look foolish, so 
absolutely consistent scepticism is impossible 
as a practical guide of life. The absurd stories 
invented about the sceptical philosophers, such 
as Pjnrho, are a testimony to the popular recogni- 
tion of this truth. Let us note, also, that the 
reader should try to make up his mind about 
scepticism, provisionally, at any rate. For if his 
conclusion be that the rational or lo^cal pro- 
cesses are untrustworthy — even proximately — 
plainly he must read, let us say, the course on 
Philosophy, just as one reiuis Mark Twain, 
by way of divertissement^ and his only comment 
on concluding will nin, “ Wlmt fools these 
mortals be.” 

Therefore. Reading this course so far as 
it has gone, any student of logic prior to 184.‘1, 
and many students since, might wonder when, 
if ever, the writer would proceed to discuss logic 
at all. It is now certainly time for us to consider, 
in outline, that rational process with which 
alone logic used to be supposed to l^e concemed — 
the process of “ pure reasoning^"^ “ ratiocina- 
tion,” “ deduction,” “ a priori argument,” or 
“ inference from the general to the particular.” 
We may say that a study of deduction is a 
study of the conditions under which one may 
rightly employ the wonderful word ” therefore.” 
We call this a wonderful word because it is 
the mark of the rational prex’ess, which has 
l)een e.vtolled as wonderful in all ages. 

So-and-so is so-and-so : therefore, a new con- 
clusion follow's — really the new^ conclusion is 
implicit or bound in the old one. If the premise 
be granted, the conclusion is inevitable. One 
does not need to look, so to speak ; one knows 
that it must be so, without looking, without 
exj>eriment or observation, and one can thus 
reach sure conclusions which are in their very 
nature incapable of veritication by experiment 
or observation. 

Theory and Practice are Never 
Opposed, 'llius, the powder of this process 
is immeasurable ; but, just in proi)ortion to its 
power, it is dangerous —dangerous because, as 
Jiacon show^s, its facility and potency tempt the 
mind, leaving us to employ deduction which is 
insecure. Hence the repeated criticism that a 
thing is all very well in theory but does not work 
in practice. Ix)ng ago Mill showed that there is 
confused thought in such criticism. If a thing 
is really sound in theory, it will work in practice. 
There is no opposition between theory and 
practice, and the reason why practice ret>eat- 
(*dly fails to confirm theory is that theory is 
unsound. Either the premisses of the logician 
are false or his reasoning from them contains a 
fallacy. Men say of a jxjrpetual motion machine 
that it works admirably on papier, but that 
somehow the results arc not obtained in practice. 
But such a machine does not work admirably on 
paper ; it is only thought to do so. If it really 
did so it would work neither better nor worse 
in practice. 

Deduction has one great instrument. Every 
deductive argument without exception can be cast 
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into a form which illustrates the employment of 
this instrument. It was first recognised by 
Aristotle, and so searching and thorough was 
the founder of logic in his investigation of this 
great rational instrument that more than 2,000 
subsequent years have added very little to his 
study of it. This instrument is known as the 
syllogism ; and time was when the study of logic 
was the study of the syllogism. Nowadays we 
may employ such a term as the syllogistic logic 
synonymously with the deductive logic. Right 
deduction is the right use of the syllogism. It is 
not our hopeless purpose here to discuss in a 
column or two a subject about which books 
innumerable have been written. We can merely 
present the barest outlines of it to the reader. 

The Syllogism, the Great Instrument 
of the Mind. Waat, then, is this marvel- 
lous organon or instrument by means of which 
the mind is enabled, by its own power alone, and 
without reference to the external w’orld at all, 
to discover new facts ? Let us begin with a 
concrete instance, such as has already been 
Cjuoted. “ All men are mortal ; I am a man ; 
thenlore I am mortal.” This argument, with 
its three propositions and three terms, is a 
syllogism. Every syllogism has three and only 
three terms — the major term, the minor term, 
and the middle term. Every syllogism contains 
three and only three propositions, which are 
called the major premise, the minor premise, and 
the conclusion, and the middle term must ho 
“ distributed ” once at least in the propositions. 
In the instance which has been quot^, the three 
terms and the three propositions are evidenced. 
Th(‘ middle term, the ebstribution of which is 
essential, may l>e recognised by the fact that it 
does not occur in the conclusion — the invariable 
rule. Obviously, it is the term “ men.” Further- 
more, as in all syllogisms, the minor term is the 
subject of the conclusion, “I” ; and the major 
term is the predicate of the conclusion, “ Am 
mortal.” 

Furthermore, every syllogism, such as this, 
<•0111 pares the major and the middle terms in a 
major premise — “All men arc mortal” — and 
similarly compares the minor and middie tenns 
in a minor premise — “I am a man” — whilst 
the third proposition or conclusion contains the 
minor and major terms alone — “ I am mortal.” 
Properly speaking, one should always place the 
major premise first, and then the minor premise. 
But whatever the order, the premise containing 
the major — that is to say, the bigger or wider 
term — is the major premise. 

The Middle Term. The all-important 
term of the syllogism is its middle term, and it is 
absolutely essential, os we have already said, that 
the middle term be distributed, and properly 
distributed. Error in this respect is perhaps 
the most common cause of what is called fallacy. 
The commonest source of fallacy is what logicians 
call “ the undistributed middle.” In such cases 
the major and minor premise may both be abso- 
lutely tnie, but the conclusion ludicrously false. 
To quote an instance from the distinguished 
logician Jevons, “ by the middle term being 
distributed once at least, we mean that the whole 



LOGIC 


of it must be referred to universally in one pre- 
mise, if not both. The two propositions : 

All Frenchmen are Europeans, 

All Russians are Europeans, 
do not distribute the middle term at all, because 
they are both affirmative propositions,” the 
preclicates of which arc undistributed. If, 
following the method of Euler, we draw’ a circle 
and call everything within it Europeans and 
then within that tw^o little circles, one lalx‘lled 
French and the other Russian, we see that there 
is no real middle term. So far as the propositions 
are concerned Russians might or might not be 
Frenchmen. “ Again, the tw'o propositions 
All Frenchmen are Europeans, 

All Parisians arc Europeans, 
do not enable us to infer that all Parisians are 
Fren(ffimcn.” So far Jis the premisses are con- 
cerned, the c ircle Parisians need not be placc'd 
within the circle Frenchmen, but may l)e placed 
anywhere within the big circle, Europeans. 
This argument gives us an instance, since, as a 
fact, all Parisians are included amongst French- 
men, of a case where premisses and conclusions 
of a syllogism arc all true and yet the syllogism 
is fallacious. 

Fallacies. Tlic word fallacy, so important to 
the logician and containing an idea of the utmost 
importance for every serious thinker, is con- 
stantly misused in common speech, and common 
wiiting too. By an unfortunate confusion of 
thought the w’ord is applied to any stat(*ment or 
belief that is asserted to be untrue. “ It w as 
a fallacy to think that the sun went round the 
earth,” people will say. But this is an utter 
misuse of the term. A fallacy is not an error 
of fa(;t or an error of statement. The beli(‘f that 
the sun w’cnt round the earth w’as not a fallacy ; 
it w^as arrived at by a fallacy or a fallacious 
argument, which is a very different thing. 
Similarly, as has often happened, truths may 
l)c reached by fallacies. A fallacy is an eiTor 
of logic, or an c^rror of reasoning. It is an iin- 
propric^ty of method, not an impropriety of Ix'lief. 
(^orrect premisses correctly reasoned from must 
always lead to correct conclusions. Correct 
premisses incorrccjtly reasoned from will usually 
lead to incorrect conclusions. By sheer chance 
c'orrect conclusions may be thus reached, but 
they are not correct because the argument says 
so. Incorrect premisses corrcx’tly reasoned from 
must necessarily lead to incorrect conclusions ; 
incorrect premisses incorrectly or fallaciously 
reasoned from may lead to either correct or 
incorrect conclusions — but tlie latter more com- 
monly, of course. 

Truth may Lie Behind a Fallacy. 

The history of thought is full of instance.s 
of all these possibilities. Let us, then, in 
future use the word error to mean one thing 
and fallacy to mean another, realising all the 
possibilities ; not, for instance, hastily condemn- 
ing a conclusion because it has l)een fallaciously 
arrived at, and realising that many true conclusions 
have thus been stated and that a non -fallacious 
argument for their truth may yet be forthcoming. 
Someone declares, for instance, that he has 
proved that the earth goes round the sun. 


When his arguments are studied they are found 
to be fallacious. But one would be a fool, there- 
fore, to scoff at his conclusions. Truth and error 
are opposites but not truth and fallacy. Falhuy 
is a matter of interpretation or logic alone. 

We have already noted that the first thinker 
to study the syllogism pracstk^ally exhausted iht^ 
subject, and it is a noteworthy fact that the 
intelligent student can usually recognise for him- 
self without previous study the sound and the 
unsound, the logical and the fallacious argument. 

The Logical Sense. Here, again, is a 
parallelism between logics and grammar, which 
is the logic of language. Everyone knows 
how’ at school there are inherent differtmees 
l)etw'ecn children in resiXMd of parsing, analysis, 
and the like. One boy never learns any of these 
things. They are absolutely self-evident to 
him from the first. To another, who is without 
the language sense, the operations and (*onclu- 
sions of parsing are mysterious and arbitrary 
from the ffist, and always remain so. He cannot 
be taught any more than one can teacdi the blind 
to see. The case is the same with logic, and one 
is almost inclined to hazard the proposition 
that the same boys belong to corresponding 
classes in both cases. Some men think coluTentl y 
and consecutively though they may have sc arcely 
heard the name of logics. One may meet an 
intelligent blacksmith, and begin to talk about 
the Eduesation Bill, let us say, and in a moment 
he w'ill declare “ that is a bad argument,” and 
be right. On the other hand, there are y^eople 
w’ho may l)e of great use in the world, capable, 
energetic, and trustworthy, to w'hom apparently 
one sequence of propositions is as consequent or 
inconsequent as another, who will support the 
truest beliefs by the most fallacious arguments, 
and w’ho are practically as incapable of acquiring 
the logical sense as other people of acquiring the 
language sense. 

This is not, of course, to say that training c*an 
do nothing, noi’ is it to say that the systematic 
study of fallacies is not worth pursuit, but it is 
to assert that the great majority of readens to 
whom the subjc'ct presents any attraction at 
all will find, if they pursue the subject further, 
that the greater part, if not the whole of it, has 
a pc'culiar character of being self-evident. The 
natural eommenhs w ill l)0 “ of course,” cd>- 
viously,” ” ce*rtninly.” 

Symbolic Logic. In com})aratively recent 
times much has l)een made of a new method 
of studying or stating logic. If we are to state 
the syllogism in its simplest and most abstract 
terms, its simplest feum will run thus : A is B, 
C is A, therefore^ C is B. Here, instead of pro- 
positions, we use symbols. All the other forms 
of the syllogism can similarly be represented 
by the use of such symbols, as also can those 
fallacies which are classified as “ logical ” as 
distinguished from material fallacies.”. For 
instance : 

All Y’s are X's, 

No Z’s are Y’s, 
therefore No Z's arc X’s. 

This is a fallacious syllogism, the major term 
X being improperly distributed. The common- 
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sense comment on it will run “ No one said that 
nothing hut Y’s are X’s, and therefore the mere 
statement that no Z’s are Y’s does not exclude 
the possibility that some or all Z’s may be X’s.” 
For instance, all birds are vertebrates, no mam- 
mals are birds, but it does not therefore follow that 
no mammals arc vertebrates. It does not matter 
what particular terms be employed ; the letters 
which have been used as symbols will serve the 
purpose of the systematic logician. The paral- 
lelism is, of course, obviously that between 
algebra and arithmetic. What is then called 
the symbolic logicy which discusses the subject 
in symbolic or algebraic form, has been proved 
to be of great value, and has been carried to a 
very great degree of complexity. The mere 
recognition of its existence is of the utmost value 
even to the elementary student, just as the 
smallest ac<iuaintance with algebra is of value 
to the student of arithmetic. It teaches the 
inevitable and necessary character of the logical 
processes, no matter what particular terms be 
employe<i just as algebra teatihes the necessary 
and inevitable nature of mathematical truths, 
no matter what particular numbers be under 
discussion. 

Kinds of Fallacies. Having endeavoured 
to clear up the real meaning of the w ord fallacy, so 
that the reader will never be guilty of fallaciously 
accepting the erroneous opinion that fallacies and 
errors are identical, or that the detection of a 
fallacy in an argument implies a condemnation 
of its conclusion, we do not propose to discuss 
the kinds of fallacy in detail. We have neither 
space nor necessity. But a few kinds of fallacy 
may be noted, l)ecausc they are so extremely 
common, and because the terms describing them 
are so frequently met with. There arc, for 
instance, the kinds of fallacy included by 
Aristotle under the term Irrelevant Conclusion. 
This has various varieties, but they are all much 
easier to understand than the strictly logical 
fallacies, to which w'e will not here refer, such as 
the fallacy of an undistributed middle, instaiices 
of which have already been quoted. 

It is an instance of the fallacy of irrelevant 
conclusions to prove one thing when you think 
you are proving another. There is thus the 
celebrated advice given to the barrister for the 
defendant in a law suit, whose brief was marked 
“ No case ; abuse the plaintiff’s attorney.” It 
might be proved up to the hilt that the plaintiff’s 
attorney was a blackguard. But that is an 
irrelevant conclusion. It is not what one set 
out to prove. The Latin phrase for this is the 
argumentum ad fuminem ; another Latin phrase, 
aryufnentum ad 'populum, indicates another form 
of irrelevant conclusion, the instmment of dis- 
honest orators of all ages, w^ho appeal to the 
prejudices and private passions of the people. 

Begging the Question. This familiar 
fallacy also has a Latin name, petitio principiu 
It is also often called arguing in a circle. To beg 
the question is to assume what you are seeking 
to prove. You use the conclusion as one of your 
premisses. Instances of this are too familiar to 
need quotation. Often, as the great Bentham 
pointed out, one may beg the question by a mere 
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word ; such words he called “ question-begging 
epithets.” Thus Jevons says, ‘^In like manner 
we beg the question when we oppose any change 
by saying it is un-English.” ^en, again, there 
is the extremely common fallacy, also recognised 
by Aristotle, which is most commonly known by 
the Latin phrase non sequitur — it does not follow. 
This is most commonly applied to arguments 
wherein the conclusion has no real connection 
with the premisses. Lastly, there is the fallacy, 
recognised by Aristotle and constantly employed 
by barristers, w^hich consists of assuming the 
answers to certain questions whilst putting 
a still further question. For instance, “When 
did you leave off beating your wife? ” or, better 
still, “ Have you left off beating your wife ? ” 
Obviously, the unfortunate huslmnd condemns 
himself equally whether he answers yes or no. 
This is called the fallacy of many questions, and, 
as Ai'istotle pointed out, “ Only a single question 
admits of a single answer ; only one predicate 
of one subject ought to be aftirmeil or denied in 
a single answer. Therefore, several questions 
put as one, should immediately be separated 
into their several parts.” 

The First Law of Thought. Lastly, we 
may consider \rhat have been called the three 
primary laws of thought. They are of interest not 
only in themselves, but also because so soon as we 
examine any deductive argument to its utmost, 
we find that the truth of these laws of thought 
is assumed. If two men are not agreed as to 
their truth, they cannot argue with one another. 
There is no common ground whatever from 
which they may start. Similarly, we saw when 
discussing inductive logic that all its arguments 
de]Kmd upon the Jic;ccptanee of the tremendous 
proposition that Nature is uniform and causation 
universal. The discussion of these laws of 
thought is also of deep interest, because it shows 
us the relations l)etween logic and psychology, 
or, so to speak, the dependence of the rational 
processes upon the structure of the reason. I.x)gic 
is thus, at bottom, a province of psychology, and 
the validity of all logical or rational conclusions 
must stand or fall in the last resort with the 
validity of mental processes. “ Wliat is truth? ” 
said jesting Pilate. But that is too great a 
question to be considered here. 

These are the names of the laws of thought : 
The law of identity, the law of contradiction, and 
the law of exclude middle. The first is simply 
“ whatever is, is.'' That may not seem worth 
saying, but we must not be too hasty. 

The Second Law of Thought. The 
second law, which has been named the law of 
contradiction, is this: Nothing can at one and 
the same time both he and not be. Sir William 
Hamilton, the great Scottish philosopher, sug- 
gested that this should reaffy be calM the law 
of non-contradiction, and perhaps that phrase 
expresses it better. The law of identity we may 
here ignore and take for granted but the law of 
contradiction or non-contradiction is absolutely 
fundamental and essential. It implies that in 
so far as anything is black, it cannot at the same 
time be white. Define shut and open, and a door 
cannot be at one and the same time both open 
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and shut. This, sa 5 rs Jevons, “ seems to be the 
most simple and general truth which we can 
assert of all things.” It is the very nature of 
existence that a thing cannot be otherwise than 
it is ; and it may be safely said that all fallacy and 
error arise from unwittmgly reasoning in a way 
inconsistent with this law. All statements or 
inferences which imply a combination of con- 
tradictory qualities must Ixi taken as impossible 
and false, and the breaking of this law is the 
mark of their being false. 

The Third Law of Thought. The third 
law of thought, or the law of excluded middle, is 
as familiar in practice as the others, Everything 
mvM either he or mat he. If a line exists at all, 
it is either a straight line or not a straight line. 
That, indeed, is evident. But there are cases 
which look as if the law were untrue — cases of 
quantity, as, for instance, in the use of such 
relative terms as hard and soft. Logic does not 
assert that there may not be d(‘grees of softness 
or hardness. It simply asserts that if a given 
meaning be allotted to the word hard, a given 
thing is either hard or not hard. It is upon these 
three laws of thought that the syllogism and all 
its possibilities, together with the whole of 
inductive reasoning, are based. 

A Great Teat of Truth. These three 
laws, and pre-eminently the second, help us in 
some measure towards realising our great need, 
the establishment of some criterion of truth. 
The denial of these laws is inconceivable. They 
must he so — or, at any rate, if m'c arc to bo 
cautious, we are so made that they must he so to vs. 
If there are any truths of which we can be 
certain, thestf are such truths. There is a great 
argument of Herbert Spencer’s upon this sub- 
ject. Like many iH'fore him he asked whether 
there is any test of truth. As students of 
psychology we will be prepared to agree that 
at l)est our perception of truth is at the mercy 
of our j>erceiving minds. The nearest approach 
to a test of truth, siiys Sptmeer, therefore, must 
lx‘ found by way of the ultimate laws of thought. 
He says: “In the last resort we must acce})t as 
true a proposition of which the negation is in- 
(idnceivable.” Our highest certainty may or may 
not be an absolute certainty, but, at any rate, 
it 'is a certainty based upon the inconceivable- 
ness of ite denial. Whether or not absolute or 
infallible, our ultimate criterion of a certainty 
is the inconceivableness of its negation. 

What the Reason Must Reject. Thus 
stringently judged, it will at once Ix^ seen 
that our highest certainties are very few. 
Tlui most positive generalisation of science, 
for instance, the so-called laws of Nature, such 
as the law of gravitation, are not even in 
the neighbourhood of the highest certainties. 
One is defying no mental necessity in denying 
or questioning the law of gravitation. Yet, 
though this principle will not enable us to 
regard, as having the highest certainty, any but 
the three primary laws of thought and the 
necessary deductions from them, it is nevertheless 
of the utmost negative value. Any proposition, 
for instance, that defies a law of thought — any 


proposition, that is to say, which is inconceiv- 
able or only the negation of which is conceivable 
— must be rejected by the reason. It may very 
well be accepted by something other than the 
reason. But that is no concern of ours here. 
Here W'e are discussing merely the laws of 
reasoning, and, so far as these are concerm^d, 
such propositions must be rejected. There is, 
for instance, a highly paradoxical German 
system of philosophy, invented by Hegel. It 
is based upon the proposition that being and not- 
being are the same — a proposition which, as one 
may readily imagine, enables him to prove to 
his own satisfaction anything that he cares to 
prove. If tliis proposition of his is to Ixj accepted 
in the sense which it Ixiars, one docs not need 
to have read any of Hegel in order to reject 
him. One is entitled to feel that there is no 
time for the consideration of conclusions which 
are founded upon an absurdity. Observe here 
the utter distinction between law's of Nature, 
so-called, and laws of thought. It would bo a 
grave abuse of language to call the denial of 
the law of gravitation an absurdity, but that is 
just the word which occurs to us to describe 
a denial of a law of thought. 

The Duty of the Reason. If we must 
be true to our reason in all matters, then 
the importance of recognising the law of con- 
tradiction, as we practically do, cannot be over- 
estimated. It was said of a famous man of 
science, Faraday, that his science and religion 
did not quarrel, l)ecau8e he kept them in different 
pockets. This was as good as to imply that if 
they w'erc in the same pocket they would 
quarrel, but such a position cannot satisfy the 
logician or the philosopher. He wants all his 
beliefs to be true, and he cannot conceive incom- 
patible beliefs to be both true. If his science 
and religion apj)ear incompatible, he cannot 1 m^ 
content with keeping them in different pockets. 
First of all, he must ask whether they are really 
incompatible, and, if so, he must find out which 
is true and renounce the other. In its place he 
may find a different form of religion or a different 
form of science which, properly considered, is 
found to be compatible with its fellow% 

Truth and Truth can Never be 
Opposed. Thus, he may finally n‘ach a 
position where he d(X*s not need to shut his 
eyes to the law' of contradiction or tight against 
the necessities of his owm mind. He will 
neither declare that religion is sujx^rstition, nor 
assert that the face of Nature is false to the 
soul of Nature, or, in other w'ords, that science 
doi's not express the tnith. He will the rather 
subscribe to these sublime words of Herbert 
Spencer : 

" Beligion, everywhere present as a war]) 
running through the w^eft of human history, 
expresses some eternal fact ; while Science is 
an organised body of truths, ever growing, and 
ever being purified from errors. And if both 
have bases in the reality of tilings, then btdw wn 
them there must be a fundamental harmony. 1 1 
is impossible that there should be two ordei*s of 
truth in absolute and everlasting opposition.” 


Logic concluded ; followed bu Philosophy 
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'T'HE illustiating of books, magazines, and 

^ papers has produced some of the finest 
art of the last fifty years ; it has, besides, been 
the means of livelihood for many artists who 
must have failed to earn either a living or fame 
ill the painting of easel pictures. But to-day the 
art of illustration is sinking under the rivalrj^ 
of photography, and except for the best class 
work it is in the hands of the most -wretched 
artists. N<‘verihelcss, if the student have a 
marked indi\iduality in his style, he will — in 
illustration as in all art — inevitably come to the 
front. Indeed, the bust ten yea^-s have given us 
the work of some of our most remarkable men. 

Limitations and Greatness of Press 
Illustration. In designing an illustration 
or decoration for the Press, the student must 
above all things remember that he is working 
for what is called the process block — that is 
to say, he must so use his tools that his 
drawing may suit the rough treatment required 
for a daily paper, if he be drawing for a 
ne-wspaper, or he may allow himself a more 
elaborate style if drawing for a handsomely 
))rinted magazine. 

In other words he must simplify his style to 
suit the conditions under which it must be 
printed. Phil May evolved a marvellously simple 
and powerful style in order to get the best 
results from the rude conditions under which 
he had to work. Randolph Caldecott is the 
supreme mastcT of the simple use of line and 
colour-wash in combination for the purposes 
of illustration, but it should also be noted that 
his works come out equally well in half-tone pro- 
cess blocks when required, without colour. No 
student should be without Joseph Pennell’s 
book, “ Pen Drawing and Pen Draughtsmen,” 
which is a mine of illustration and contains much 
sound advice to the illustrator. 

It is well to be clear upon one most important 
factor in the art of illustration from the start; 
the illustrator must take his art as seriously as 
though he w^ere the best of painters or sculptors. 
By no other means may he achieve distinction in, 
perhaps, the most far-reaching of all the pictorial 
arts. Many men have but used the art of illus- 
tration as a means of pot-boiling, but this is 
sheer artistic suicide. Some of the artistic genius 
of our day has reached its highest achievement in 
this province, and one has only to think of 
kSteinlcn, of Charles Keene, of Randolph Calde- 
cott, of Aubrey Beardsley, of Howard Pyle, of 
Sime, or Edwin Abbey to grasp the great reach 
of the art of the illustrator. 

Media and Tools. In speaking of the art 
of illustration it should bo clearly understood 
that the vulgar use of the term “ etching ” as 
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applied to pen- work is absolutely wrong. Etching 
is a method allied to engraving on a metal plate. 
The art of etching and engraving, which is dealt 
with in a separate article [ page 61 1 1 J, is quite apart 
from process work, and is not very successful 
in illustration. Illustration can bo — and in the 
case of Howard Pyle, for instance is — done from 
paintings, but the more ordinary media are pen 
and ink, or crayons,, or a painting- brush, using 
(charcoal grey and Chinese w'hite for the values. 

The tools and materials, then, are of the sim- 
plest ; their use is dependent on the end required. 
For the roiighe^st w'ork, line is absolutely ncces- 
.sary. And it has the great advantage over w-ash- 
w’ork (or paint) that every stroke of the artist’s 
tool comes out exactly in the reproduction from 
his work. In speaking of hne, the pen -line may 
Ix^ generally understood, but it must be remem- 
bered tliat many men get their hne w'ith a brush 
used as a pen ; on the other hand the crayon, 
though a point, makes so blurred an arrange- 
ment ^of lines, that it has to reproduced 
by the more expensive method of half-tone pro- 
cess, just as a w^osh-drawung has. 

The w'ash-draw'ing is, in these days of process, 
marvellously closely rendered w'hen the paper 
has a smooth surface and the printing is not too 
rough — as, for instance, in magazines and weekly 
and other |)eriodical picture papers. 

Modern, not Old Masters. Let us first 
of all take the art of pen-draw'ing for illustration. 
A smooth whit/e Bristol board, a pen, and a bottle 
of liquid Indian ink, are the only materials nei^res- 
sary. What a vast range of technique lies in 
the use of such simple materials the student 
may see by comparing pen-and-ink draw'ings 
by Charles Keene, Randoljih Caldecott, Walter 
Crane, W^illiam Nicholson, Aubrey Beardsley, 
S. H. Sime, Edgar Wilson, Edwin A. Abbey, 
Phil May |12], and many of the modern Fi*enc*h- 
men, in whose works we may see that almost 
any emotional effect may be got, for the gamut 
of expression ranges from Nicholson’s sombre, 
resonant deep blacks to the light, gay movements 
of Abbey’s sunlit Italian romantic designs for 
iShakespeare’s comedies. 

The student of pen -drawing will get little help 
from the old masters, unless perhaps he try to u 8(3 
the pen as Holbein used a pencil, or as Rembrandt 
used the etching needle. His masters will be 
among the modems. And the student has the 
advantage that he may procure at a very small 
price the works of some of the greatest men in his 
art. In Spain there is the work of Vierge and 
of Casanova and of Fortuny. All three of these 
men use a light gay technique that wonderfully 
reprt^sents the sunh't atmosphere of their land. In 
France we have such fine penmen as Willette, 
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Steinlen, Riviere, Gerbault, Graswet, Helleu 
(whose etchings are line lefjsons for the penman 
in musical, swinging line), Caran d’Ache, and 
a score of others. In Germany wo have Mcnzel, 
Dietz, Stuck, Max 
Klinger, Sattler, 
and Vogel. In 
Danish work Hans 
Tegner is particu- 
larly fine. In 
American maga- 
zines particularly 
the student will 
find rich education. 

The superb w ork 
of E. A. Abbey, 

Howard Pyle, 

Dana Gibson, 

Blum, and Pennell, 
to mention only a 
few of the Vjrilliant 
army of American 
illustrators, is in 
itself an education 
in black-and-white 
w'ork. In English 
books, magazines, and picture -weeklies may be 
found the finest wmrk in the world, w'hich in- 
cludes Leighton’s illustrations to the Dalziel 
Bible, Charles Keene in “ Punch,” Sir John 
Gilbert and Birket Foster, Millais, Rossetti, 
f’red Walker, Boyd Houghton, and Pinwcll : and 
Fred Barnard, Charles Green, Randolph Calde- 
cott, William Small, Fred Sandys, Holl, Mahoney, 
Tenniel, Samboume, Du Maurier amongst the 
older men ; whilst the nineties were glorified by the 
w ork of Aubrey Beardsley, Sime, Edgar Wilson, 
(iloi don C’raig, Phil May, Raven-Hill [10], Hugh 
Thomson, Maurice Greiffenhagen, E. J. Sullivan, 
Anning Bell, the Beggarstaff Brothers (W. Nichol- 
son and J. Pryde), 

Byam Shaw, F. H. 

Townsend [11], 
and Bernard Part- 
ridge [18]. 

Crayon and 
Wash. What can 
be done with the 
crayon, even under 
the rough and ready 
conditions of an 
ordinary French 
paper, may be seen 
in the master work 
of Stcinlen. His 
work for the ” (hi 
Bias 1 1 1 u s t r e ' ’ 
should be in the 
hands of every 
illustrator, and 
his influence has 
produced in America 
two or three of 
its greaAst living 
women artists, particularly Elizabeth Ship]xm 
Green and Jessie Wilcox Smith. In France we 
have also the fine journalistic work of Paul 
Renouard, and tlie dainty technique of the 


caricaturist Leandre, and the romantic work of 
Balluriau. In wash -work, the student will find 
superb examples in the work of Edwin Abbey, 
Howard Pyle, S. H. Sime, W. Nicholson, J. 

Pryde, Raven -Hill, 
Gordon Craig, 
Vierge, Stuck, 
S t e i n 1 e n , and 
Greiffenhagen, and 
from the produc- 
tions in black- 
and-white of the 
pictures of such 
masters as Frank 
Brangwyn, Whist- 
ler, Manet, Turner, 
Sargent, and the 
masters of paint- 
ing, more particu- 
larly Velasquez, 
and the Japanese. 

The supreme law' 
of the decoration 
of the printed page 
is that the print 
cannot be too 
simple and pure and clear. The decoration 
should be so placed on the printed page as 
to enhance the beauty of the page without in 
the least detracting from the simplicity, purity, 
and clearness of the print. 

Decoration of the Printed Page. One 
of the worst evils that ever fell upon the 
English printed page was the Morris type and 
decoration. No human being, surely, can read 
the pages of tlu'se expensive editions witli 
the slightest sense of pleasure or profit. The 
illustrating of certain French books w'ith little 
senseless drawings dotted all over the page, 
particularly in the margin and in and out of the 
U‘xt, is a particular 
abomination that 
has found favour 
far too readily in 
inferior English 
magazines and 
books. It is a nice 
question whether 
the decoration of a 
page should ever 
go down the sidt^ 
of it — it seems tt> 
destroy the interest 
of the print. At 
the top or bottom, 
placed (iear of the 
print, it enhances 
the page. Edwin A. 
Abbey (sometimes 
in collaboration with 
A. Parsons) is par- 
ticularly happy ill 
his placing of both 
the illustration and 
the decoration on the printed page, as may be 
seen in his edition of Goldsmith’s “ She Stoops 
to C’onquer,” or of his many illustrated old songs. 
Hugh Thomson, again, is most happy in his 
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treatment of the page. And both these men 
teach a splendid lesson as regards the decoration 
of the covers of their books and of the title-pages. 
The decoration of a page should have as close 
a relation to the subject of that page as though 
it were an illustration of the subject. 

Fitness in Design. Another point for the 
student to remember is that mere geometrical 
lines, or meaningless designs, have no particular 
virtue for decoration ; and any subject, no 
matter how real, may be decoratively treated. 
Above all, the student 
should remember to 
utter his decorative work 
in the spirit of his own 
day, and not filch inap- 
propriate technique and 
style from Diirer and the 
dead centuries. The aim 
of decoration is fitness of 
design to the subject. 

In working for Press 
illustration, then, espe- 
cially for pen-and-ink 
work, or “ line,'’ i\s it 
is called, the tools and 
materials are very few 
and very simple. For 
pen drawing, the student 
needs a smootli, white 
paper — white paper on 
a card is better — and it 
cannot be too white. 

A hard pertcil, a pen, a 
bottle of liquid black ink, 
eompletc his needs, in 
addition, perhajw, to a 
sharp knife and a piece 
of indiarubber. White 
Bristol board is excel- 
lent stuff. On Bristol 
board the pen moves 
freely in all directions, 
when the student is 
sufficiently master of his 
jKJii. Any hot-pressed 
paper of good quality 
will also prove useful. 

Even good lineless thin 
w'riting paper will be 
found excellent for pen 
work, when a drawing 
beneath it is to be traced 
as one draws — only it 
requires neat handling 
to paste it to a card- 
board afterwards. 

When a line is too thick, or there is a blot, if 
a sharp knife will not cut it away, Chinese 
white w'ill blot it out. Or if you wish to redraw 
the line, paste a piece of white paper over it, 
and draw over it. If you wish to get a tene, 
or fiat W’ash of shade, anywhere, simply run it on 
the drawing with a blue jHjncil, and the process 
engraver will fill it in w^ith a stipple tint by 
mechanical methods. Being blue, it does not 
interfere with the photographic facsimile of 
your drawing upon the zinc block. 
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As regards ink,, ordinary writing inks should 
be avoided. The artist needs the blackest of 
inks if he would get the best results from 
the process-enpavers. Newman’s, or Winsor 
& New'ton's liquid lampblack, and Higgins’s 
American drawing ink, can be recommended. 
The ink should dry dead, without shine, should 
flow easily, and not fur the pen, Encre dt Chine 
Liquide is also much used. Except Higgins’s, 
most of the inks tend to drop to the bottom as 
sediment. This must be guarded against. Indian 
ink shines, and is a 
trouble to make. 

In pencil drawing, out- 
line in pencil and then 
work over all freely in 
ink, making every ink 
line tell. But remember 
that every pencil line 
must be rubbed out 
afterwards, and that the 
rubbing has a tendency 
to “ lift ” the ink that 
is over it. If you are 
making the drawing to 
be mu(^h reduced, re- 
member that in the 
reduction the lines tend 
to blur, esjwcially when 
they cross in several 
directions. Altogether, 
it is advisable to avoid 
cross -hate hing as much 
ifcs possible, and to get 
the gradations of shad- 
ing by thinner or thicker 
lines at wider or nar- 
row'er distances, but 
always drawm in one 
dinjction. 

Wash drawing is really 
painting in monoehrome, 
the drawing in trans- 
parent w ashes being akin 
to w ater-colour painting, 
and the drawing in body 
colour te oil-painting. 
I’he two methods should 
be kept strictly apart. 
The values of body- 
colour — that is, black or 
sepia mixed with w'hite 
— are not always accu- 
rately rendered by the 
camera, e8i)ecially under 
the rayij of electric 
light ; and if solid wdiite 
or body-colour is introduced into transparent 
wash-drawings, the result will frequently Ik? 
vastly different from the artist’s intention. 

Working Hints. The artist should, above 
all things, avoid hard, rigid, mechanical effects of 
line. There is a tenden(;y to do this from nervous- 
ness in the earlier years of one’s apprenticeship 
to one’s art ; but it should bo avoided Uke the 
plague. An excellent short cut to copjring the 
main forms of any design which is to be treated 
in freehand,* and so translated inte the artist’s 
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own style, is to trace the 
main lines on a piece 
of tracing-paper. Then 
turn the tracing - paper 
over and re- trace it on 
the back. You now get 
a sort of negative or 
drawing in reverse. Fix 
this down to the paper or 
Bristol board on which 
the drawing is to be 
inked or painted by 
sticking down the four 
comeis with pieces of 
stamp paper. Though 
you now see the draw- 
ing right side up, the 
back of it holds a trans- 
fer which can be rapidly 
))assed on to the board 
by running over its lines 
with the edge of a paper- 
knife, inbbed fairly liard 
upon the design on the 
tracing-paper. 

It is best, before ink- 
ing in, to do a little rough 
sketching with the i>en 
on a scrap of paper, so 
as to start upon the 
draw'ing free from ner- 
vousness. The student 
will find that he “ goi*s 
at it” with a will, instead 
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of uttering his first few 
passages in a state of 
* “stage fright.” But when 
the tracing is employed, 
or a rough pencil sketch 
made, the student should 
never allow it to cramp 
his drawing, employing it 
always as a ghost to keep 
him right in his forms 
and proportions rather 
than as a taskmr-stcr. 

Another word of warn- 
ing. Individuality of 
style is everything , 
therefore, whilst tlio 
student is recommended 
to take certain modem 
masters of black - and - 
white as his model rather 
than go through the 
numbing grind of the 
antique, or the para- 
lysing effect of “ art 
school incss,” he should 
take several masters as 
. his model, not one alone. 

' Try and sec life for 

oneself. For a hundred 
artists who can copy 
others there is but one 
who can state a pictorial 
idea in terms of self. 
Continued 
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BRUSHES AND BRUSHMAKING 

Fibres, Hairs, and Bristles Used in Brushmaking. Modes of Drawing 
Brushes. Painting and Painters’ Brushes, Machine Brushmaking 


By J. C. 

THE all but inPiifito variety of bnislies, oaeh 
ill its own way fultillinj; the object of its 
bein^, yierforming a »reat variety of services, 
entitle this commodity to b<' called “ lepon." 
Brushes for the teeth, hands, hair, clothes, etc., 
are not luxuries, but ueee.ssities, and ourselves, 
our clothes, our houses, our cities, would not only 
be unsightly, but }>ositively unhealthy, but for the 
friendly offices of the brush. 

The materials used in brushmaking are as varied 
as brushes themselves. For the handles* we use 
silver, iiearl, tortoiseshell, ivory, horn, bone, various 
woods, and the (juill or “ stem part ” of feathers, 
according to taste in some instances, in others to 
utility. For the brush, the im])ortant tmrt, both 
animal and vegetable substances are used. 

Fibres Used In Brushmaking. The least 
valuable are the vegetable j)roducts, known under 
the general term of fibre [1]. This includes piaxMara^ 
known in the brush world as bass — a stiff chocolate, 
coloured weed which forms a kind of long, tangled 
undergrowth. The best of this comes from Bahia, 
in Brazil. It is also exported from Para in the same 
country, while a less valuable cpiality is fouiul in 
the forests of Central Africa. In its countries of 
origin, piassava is used for ro]>e-makiiig, but we shall 
recognise it best in the scavenger brooms of our 
borough councils and stables. The illustration j2] 
shows on the right the bass in length and in tlie 
rough state of importation ; this is very often (i ft. 
long. The three bundles on the left have been 
dressed, and cut to the lengths reipiired for use. 

Whiah is another im]K)rtant fibre. This has some- 
what the ap|>earanee of straw, but is inucli stronger, 
it grows in Italy, the Cnited States, 
and Canada. Two kinds of whisk 
are the Italian sorgho, or rice root, 
and the ehiendent, or dandy whisk. 

The various kinds are used for 
making carpet brooms, furniture 
and (dothes brushes, and the dandy 
brush for stable use, 

MiX'ican fibre^i is the name given 
to those wiiite and grey vegetable 
products which are used for making 
lime brushes, nail, bath, and other 
brushes used in w atcr, and also for 
mixing wdth the liair and lowering 
the ]»riceR of baluster brushes and 
broom heads. This is the tibre of 
the Mexican aloe (Affavr rigida). 

Cocontd pbrr is also u.sed in brush- 
making, tmt only in very common 
brooms, riothe.s, earjad and a few other kinds of 
brushware. The illustration [1] of fibres sh<»WH the 
a])pearancc after they have been dressed, and tied 
up with many string.s in order to facilitate cutting 
to the refpiired lengths with a block knife or 
guillotine. 

Hairs for Brushes. Different bru.shcs are 
made of different hairs, and the number of animals 
which lose their coats (to say nothing of their lives) 
in supplying these is very. large. Among them are 
the horse, goat, bear, badger, beaver, mink, marten, 
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sable, skunk, squirrel, kolinsky, and last, but most 
important, the hog. 

Horsehair is nst^ti in making the low'cr-priced 
‘‘ all hair ” brooms, scrubbing brusheH, etc., and for 
adulterating the bri.stles of ]>a in t- brushes. 

Hadgcr hair is used princi])ally in the manufacture 
of shaving-brushes. The best hair grows fdong the 
middle of the back, the least valuable on the under- 
side and flanks. The Russian skins produce the 
shortest, and the Cennan skins the longest hair. 
The value of badger hair lies not only in tlie length, 
but also in the colour. The value increases with the 
whiteness of the ti]> and the blackness of the rim 
of colour just below the tip. After the hair has been 
removed from the badger skins and the wool 
j^ombi'd out, it is tied up in littl(‘ tufts or knots 
and imuier.sed in hot water to remove the greasi' and 
dirt. 1'hc knots are then tietl u]), each in a separate 
roll of ])ay>er, the whole resembling u boy’s kite-tail. 
The hair is straightened in the subseipient j>roeess 
of drying in a hot room. 

Artists' Brush Hairs. The other hairs (the 
most important of which arc sable, kolinsky, and 
K<juirrel) are used for artists' brushes. I'he sable, and 
kolinshj are indigenous to Siberia, and it is in the 
tails alone that brushmakers are interested. The 
tinished brush in each ease is known as .sable, but 
brown sable is ahme rightly .so-called. Red sable 
is the hair of the Siberian poh^-taii (kolinsky). Sable 
tails are imported by the “ timbre,” or bundle of 
forty tails. To cleanse, they are separated and 
placed in a bag of bran, with the mouth tied, and 
an o]ieration ]>erformed similar to kneading dough. 

The same process is carrit'd out in cleansing 
s(|uirrel tails, 'i'he article know'ii to 
the briishmaker as catnel hair is (he 
)rodu(d, not of tlie eamel's InKly, 
)ut of the squirrel's tail. The wool, 
fur, or hair of the camel is quite 
useless in brushmuking. 

Brush Bristles. Many ]>ersonH 
confound hair and bristles and 
regard the two terms as inh'r- 
changeable. But while it is true 
that all bristle is hair, all hair is not 
bristle. Bristle is the hair of the pig, 
not the ]K)rk-]>rodueer of our farms, 
but his cousin, the ” bristle pro- 
ducer,'’ who lives a freer, and 
therefore more valuable, life in the 
forests of (iermany and the wilds 
of Russia. The value of the bristle 
yirodueer increases as liis distance in 
relationshi]) from the farmyard hog inereasi's; the 
more northerly his habitation, the longer and thicker 
bis coat. The bristles are marketed in Russia at 
St. Petersburg and in (jJerinany at JxMyizig. At the 
latter ])lacc bristles form the staple commodity 
during the earlier days of the great Easier Fair. 

The bristles arrive in England in immonsi) 
variety, ami an imyiortant part of a brushinaker’a 
business is to blend and sort and dress thorn to 
the required length, stiffness, and colour for the 
kind of brush to lx? made. The hairs are sorted 
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on a bench fitted with a series of “engines,” or 
steel combs, the teeth of which arc gr^ed so as 
to separate from the handful the bristles of the 
various stiffnesses, l^he bundles of bristles, however, 
contain various lengths ns well ns various stiffnesses, 
and the sorting into lengths is known as “ dragging.” 

Rriatle Dressing. A handful of mixed bristles 
is stood up again'fet a “size-stick,” or measure, 
marked with inches and parts of inches. Then the 
bunch is held in the left hand, and, with the right 
finger and thumb, bristles above the indicated 
length are gently pulled from the handful. 

These processes are called “ Ideating down on the 
root” and dragging,” and are repeated until the 
residue is as solid or 
“oven” as requisite. 

The handful now 
only, pcrha]>s, half 
the original size, is at 
the bottom of a series 
of lengths, graded in 
quarter inches — say, 
from 3 in. to 0 in. or 
even 7 in. 

Washing the bris- 
tles is another very 
imf>ortant process. 

Tubs with vent {x^gs 
in the bottoms (to 
enable the water to 
be run off readily) 
are lined with bris- 
tles, layer on layer ; 

soai) is then chip]>ed 2. BASS 

into the tubs, and 

boiling water ]>ourexl on. We now take n handful 
of bristles from the tub, and, after well 8oa])ing a 
fiat stone about 18 in. square, rub, or “ grind ” 
the bristles on its surface [4]. This looks easy, 
but the easiness of wasliing bristles comes only 
by e.x|K*rience. Notice, in passing, the curve on 
the bristle. This is seen in the unwashed bundles 
and in the washed handfuls, but is most pronounced 
in the layers on the rack which arc ready for the 
drying-room. This curve is known technically as 
“ the bend,” and it plays a most iin|Jortant part in 
the brushmaker’s handicraft, especially in that, sec- 
tion devoted to painting brushes. 

Bleaching Bristles. The bristle is now 
ready for bleaching, where thi.s is necessary. It 
should be riotetl, however, that this only gives tone 
to and increases the whiteness of the bristle. It is 
im{>ossiblc by bleaching to turn black or grey bristles 
white. The bleach in general use among brushmakers 
is the fumes of sul])hur. To bleach bristle we 
lay it out on a rack, which slides into a groove in 
the bleach-house, the arrangement Ix^ing a series 
of racks in this place which resembles somewhat 
the series of racks in which a printer keeps his 
founts of tyqie. All ventilators of the bleach-house 
are closed, and an iron crucible is placed on the 
floor. A piece of iron, which has been made red 
hot, is placerl in the crucible, and sticks of sulphur 
thrown in with it. The door (which, of course, fits 
tightly) is shut and the sulphur fumes do the rest. 

ClasseB of Brushware. Brushmaking is 
divisible into four classes — drawn work, set work, 
painters' brushes, and machine work. 

In the drawn work class are grou^jcd scrubbing, 
nail, cloth, hair and tooth brushes. We may take 
the tooth-brush as a good representative of the class. 
The bones are first ° cropped ” — that is, have the 
large ends sawn off, and slit lengthwise into several 
pieces. Each of these is then “ profiled,” or cut 


roughly to the shape for which each piece of bone 
is best adapted. Next they are “ fashioned ” to 
the perfect shape, and holes are bored in the head 
to take the bristle. The boring of tooth-brushes 
differs from most other kinds in that the holes are 
not bored quite through the stock or handle. They 
are then turned over and cut, or “ graved,” at the back 
with a fine circular saw in three, four, or five lines 
according to the number of rows of holes in the face. 

The common mode of drawing brushes is shown 
in the illustration [8], althougli this is by foot 
jMJwer as well as by hand power. The stock is held 
in a vice, and a loop of wire or other material 
i.s pushed through from the back. Now we take 
a pinch of bristle, 
half the size of the 
hole to l)e filled, pass 
it half way through 
the loop, and, while 
holding it in position 
with the left hand, 
pull the wire with 
the right. The effect 
is to force it into the, 
hole by bending the 
bristle in half, and 
the first knot will b ^ 
completed. Now we 
double the wire again 
and the loop is formed 
in readiness to re|)eat 
the operation, until 
all the holes are filled. 

DRKssiNO tooth-brush 

has now to be filled 
in at the back w'ith w’hite, blue, or red w'ax, the 
latter being the most generally used. The finishing 
of wood brushes, such as those for the hair and 
clothes, is necessarily different. When we have 
fillet! the stock, the brush is open at the back, 
revealing quite a maze of wire. We must well 
hie this side of the board, and place upon it the 
ack of rosew^ood, satinwood, etc. These are then 
clam]»ed lightly together w’ith w'ooden screw's and 
put by until the glue has quite set. It will then be 
jxjssible with s])okeshav e, Ijow-saw, and glasspafier, 
to complete tlie shaix' and finish the brush [7J. 
Finally, the back of the brush is ])olished. 

Trepanning Brushes. Another mode of 
brush arawing is known as trepanrtuig. For this 
purpose the boards are bored in a similar manner 
to the tooth-brush stocks, but instead of graving 
the backs with a circular saw they arc “ long- 
holed.” In this ease, the holes comprising each 
row are connected inside the back by a hole 
Ixjred through from the front of the head. A 
double thread is now passed down the “ long-hole ” 
on a needle or bodkin, and pulled out of the end 
hole of a series, or row, on the face of the stock. 
The loo]> thus formed is now ready for the re- 
ception of the tuft of bristle, which is drawn into 
the hole by pulling the ends of the thread. 

This ojieration is repeated till all the holes in each 
row' arc filled. The long- hole is now pegged up, prefer- 
ably with a sharp point of ivory, and the brush is 
ready for fiuisliing and polishing. The S3'stem of 
trepanning brushes is very largely used in France, 
but the practice has grown very considerably in 
England during the last few years, and the firm of 
O. B. Kent & Sons — to whom wo are indebted for 
the illustrations used in this article — have found it 
necessary during the past year to increase very 
considerablj’ the number of employes engage<l in 
this department of brush drawing. 
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Pan work derives its name from the “ pan ” 
round which the makers of this class of brush- 
ware sit. It is filled with i)itch, kept fluid by 
the heat of a gas-ring beneath it. The illustration 
1 3] shows the ])rocess observed. The stock, or 
wood jairt of the brush, is bored with holes of 
the required size and number. 

These, however, are not bored 
right through, but sufficiently 
deep to take enough material 
to make the brush effective 
and the knots secure. Again, 
all the holes are not bored 
upright. In boring some of 
the holes, the stock is held so 
that the drills enter at a sliglit 
angle, in order to effect the 
“ vspread ” of the bristle, so 
much desired in the finished 
article. Notice the ball of 
whiting on the ixmcL This is 
rubbed on the hands to ])revent 
the pitch from sticking to 
them. 

We now take the material of 
which the broom is to l)e 
made, and select enough to fill 
a hole ; dip it into the ]mn 
(the root end, of course), and 
after scraping off the super- 
fluous pitch, bind it round 
tightly with a ])iece of hemj) or yam. Again dip 
into the ])an, and, w ith a turn of the wrist, ]msh the 
knot into the hole and the thing is done. The man 
on the left has the knot ready for the hole ; the 
next man is binding a thread round the dip])ed 
roots of the knot, while the other workmen arc 
.setting the knots in the stocks of a broom and a 
baluster resiHJctively. It is obvious that the ability 
to select just the right amount of material to fill 
the hole is the mark of the accomplished pan-hand. 
If too much be selected, waste ensues; while the 
broom is insecure if an insufficient amount be taken. 

The most effective hair broom is made of ]»ure 
bristles ; it not only sweeps cleaner, but entails l<‘ss 
labour, and for durability will outlast two of inferior 
quality. Tlic best stable or scavenger broom is 
made of ]>ure Bahia ])iassava, with which there is a 
diancy and suiting far surpassing that of African 
>ass, though a very good broom can be made 
w ith 50 per cent, each of Bahia and of African bass. 

Painting l&rushes. These full into two 
main divisions — those for artists and those for 
painters and decoratois. Artists’ brushes comprise 
those of camel hair and sable, and also many mmlo 
with bristle. Painting brushes comprise such well- 
known varieties ns sash tools, ground brushes, and 
stock brushes, either one knot, or compound. There 
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are, of course, many other varieties, but they are, 
in general, only modiffcations of these. 

In making the pencils for artists, we must use 
quills of various feathers. The sizes are known 
neither in numerical nor alphabetical sequence, but 
by name, from the smallest to the largest — lark, 
crow, duck, goose, swan, and for special purposes, 
even eagle and |>elican. The quill cannot be 
manipulated in its native state, but by boiling 
it becomes soft, and the ends can bo cut off 
without splitting the quill. We now remove the 
“ pith ” from the inside and place the cleaned 
quills in a basin of cold w'ater, which keeps them 
quite soft and pliable, ready for use. 

Artists* Pencils. A small bum h of hair from the 
tail of the sable, marten, kolinsky, or squirrel, is taken 
hold of at the ])oint, or end o])])osite to the root, and by 
passing a comb (a metal one for ])refercnce) through 
it, the “ flue,” or wool, w hich surrounds the roots and 
grows close to the skin of the animals, is removed. 

This hair cannot be handled as bristles are, because 
it is too tine. To get it quite even, it is divided into 
small bundles, and each bunch 
encircled with a cardboard tulM‘. 
When we have about a hundred 
of these tubes — all stinding 
on end with the roots upper- 
most — we take a i)iece of 
leather, about 5 in. wide, and 
long enough to encircle the 
whole, and strap it round 
thorn fairly tightly. The 
technical name for this is the 
beater." If we now lift the 
beater the bottom w’ill present 
the apf)earanco of a round 
honeycomb, with cells ratlier 
large and circular in shape*. 

(Jreat care must be exercised 
here, or the whole will shoot 
out, and much labour and 
time w'ill be ex|)ended in 
gathering up the contents and 
getting them straight again. 
We now gently lift the beater 
about .J in. from the bench, 
and just as gently drop it 
down again, holding it with both hands all 
the time. Ke])eat this oi>cralion smoothly and 
quickly, making n continual ta'|)ping noise, and, 
sooner or later, all the hair will have become quite 
“ .solid," or even, and ready for use. 

We now take a “ pinch" of hair — regulating the 
quantity according to the quill to be used — and tit? 
the root tightly with hemp, covering this with 
coloured silk; wet the flag to keep it together and 
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bring it to a point, and insert it into the quill at the 
large end. A piece of wire of suitable thickness, 
known as a “ driver,** is now used to push the knot 
to the other end of the quill. The whole is put to 
dry, and the brush is made, the drying, and, 
therefore, hardening of the quill, affording an extra 
security to the knot. 

Sable and Hog Hair Brushea. The best 
hair for artists* pencils is that of the kolinsky, 
known as “ red ** sable and “ brown ” sable, or 
sable proper. Sable is becoming so scarce and 
valuable, and therefore so expensive, that various 
martens and the mink have taken its place with 
many brushmakers. Sable hair is worth more per 
ounce than camel hair is j>er pound ; moreover 
the former works to a much finer point, and has 
much more spring and durability. 

Hog-hair artists’ brushes, to be effective, must 
|) 088 es 8 a good “ dome,” and the learner must 
remember that this must be produced without the 
aid of scissors, for if we trim the brush to a dome 
with these, we destroy the flag or split end of the 
bristle, and render the brush unsuitable and in- 
effective so far as “ fine ” or artists’ work is 
concerned. A tool called a “ canon ” is used here. 
Its shape resembles a large thimble, with the sides 
straight, instead of converging ; the head is shaj)ed 
to the required dome and the tuft of bristle is placed 
in this, flag downwards. Now, 
while the left hand kee))s the 
bristle in position, with the right 
wc give the canon a succession 
of even taps on the bench, 
the result being that, when 
the tuft is removed, it has 
tiikcn on the Hhai)e of the 
canon. 

Making Painters* 

Brushes. In dealing with 
the washing of bristles, atten- 
tion was called to the “ bend.'* 

It is juost important for the 
pain ting- brush maker to keep 
the bend of the bristle one way, 

BO that as the bunch is on the 
bench, it yjresents the ayjyiear- 
ance of a concave line (sec the 
bristle on the drying rack — 4]. The sine qua non 

ill making a paint-brush knot is to tie it together 
so that the bend of all the bristles faces inwards, 
and the flags, while not interlocking, form 
concentric rings. 

The sash tool is a good representative of the single- 
knot jia in t- brushes. It is generally made on a 
“ forked ” or pronged handle, though sometimes the 
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handle is bored at the end, making a socket in which 
to insert the bristles. The knot is dipjied in cemerit 
(generally made of resin and linseed oil). It is then 
placed between the forks of the handle and bound 
tightly round with string. The knots which are to 
be cemented are kept on a hot-plate to facilitate the 
penetration of the cement. 

Another system of paint-brush making is known 
as- tied work. The workman to the right in the 
illustration [5] is seen making a compound stock 
brush. The knot in this instance is divided in the 
middle, so as to fit on to the 
handle. It is then tied with 
co])]Kn’ wire to keep it in 
}K)sition. Though the majority 
of stock brushes have two 
knots only, there is quite a. 
large number made with throe 
and four knots, and some even 
with five. 

The driven brush is another 
form. The knot in this case is 
pulled into a socket or binding. 
Sometimes this is a plain band 
of metal, at others it is made 
of copper or iron wire, or, 
again, of string. These bindings 
are made taper, or smaller at 
the top than they are at the 
bottom. After the cemented 
knot has been pulled into the binding, the handle 
is pushed through the centre of the brush and 
driven home with the ])ointed head of a ha miner 
made for the puryxise. The workman on the left 
of the illustration [5] is seen driving the handle 
home, the block at which he is working having a 
scries of holes, varying in size, to admit the handle, 
and at the same time to give a solid bed on which 
the head of the brush can rest while the handle is 
driven home. 

Grinding and Pointing. After the brushes 
have been made, certain of them — known as ground 
brushes — are ground on a stone in a way similar to 
that describe in connection with washing the 
bristles. Before the brushes are taken to the 
drying-room they are yiointed — that is, a piece 
of hemp is bound round the bristles in such a way 
as to keep them in shape. This is put on rather 
loosejy, and great care must be exercised, in order 
that the brush shall dry in a presentable condition. 
It is very easy when pointing a brush to completely 
alter the set of the bristles, and therefore to render 
it less effective than it should be. An exception 
to the general rule of “ turning in ” the bend of 
painters’ brushes occurs in making the paintci*a’ 
duster. In this, the flag of the bristle is made to 
turn to the circumference of the brush. 
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Testing Adulterated Brushes. In the 

manufacture of painting brushes, the brusli made 
with pure bristles only, although tho most expensive 
in initial outlay, is rhea}K!st in the end. The pure 
bristle brush enables the workman to put the paint 
on evenly and effectively, while for wear and tear 
it will outlast several made from a mixture of 
bristle and horsehair. It is often difficult for a 
journeyman brushmaker to 
decide whether a painting 
brush is adulterated with 
horsehair, and therefore to t'le 
tyro it is well nigh im]»ossil)le, 
except in those cases where 
adulteration is flagrant. One 
test is the existence of the ilag 
(split end) in bristles, and its 
non - existence in horsehair. 

Another test is the greater 
flexibility and spring in bristle 
than in hair, and a further 
difference is that bristle ta))ers 
from root to flag, while 
horsehair is uniforiii in size all 
thew'ayiip. But the infallible, 
and therefore the iK'st, test of 
all is to take a iiiagnihung 
glass, when it will be observed 
that while the lior.sehair is 
cylindrical in section, the bristle 
is elliptical. 

There are two tests to dis- 
tinguish fibre from hair. One 
is to bend a piece of each, when 
the fibre, lacking the elasticity of hair or bristle, 
will have a tendency to crack, while tho animal 
product will assume its previous jKjsition, none the 
worse for the operation. The other test is to set 
fire to a piece of each, when the fibre w'ill burn quite 
readily, while the bristle will only splutter and curl. 

The Care of Painters* Brushes. As 
these arc so valuable, it behoves ii.s to be careful in 
the manner of keeping 
them when not in use. A 
varnish brush must, on no 
account, Ik? soaked in 
water, because this will 
destroy the cement used 
in manufacture, and thus 
render the brush unsound. 

For tho same reason, a 
paint-brush should never 
be soaked in tiir])cntine. 

A varnish brush may be 
kept in oil w hen not in use, 
and a paint-brush, after 
having been cleansed in 
turi entine, may be kept 
in water. On no account 
should a brusli be allowi'd 
to rest on the bottom of 
a ]);«int kettle. If l>rushes 
are allowed to rest on 
their l>rist,h‘s, the latter 
become twisted and quite 
unfit for effective work. A brush should besusj>ended 
from a hook on the siflc of the kettle. Sometimes 
a brush is put on one side unelcaned, and eon- 
siujuently it becomes quite hard. It can be rendered 
usable again by soaking it in linseed oil, but 
prevention is better than cure. New [mint or 


distemper brushes should alw^ays be soaked in 
water before they are put into use. 

BruahmaKing by Machinery. The 

simplest of the machine-made brushes are flue and 
bottle brushes. They are made by taking a double 
length of wire and inserting tho ends in a vice. The 
doubled end or loop is now put on a hook, fitted 
wdth a handle. We now take the weight of bristle 
allowed, and distribute it as a 
thin and even layer between 
the double wire at the end 
nearest the vice. Turn tho 
handle, which, twdsting the 
wire together, will give tho 
a])iral form distinctive of this 
eia.ss of brushwaro. There are, 
however, machines very much 
more complicated than this, 
and while we cannot go into the 
intricate mechanical questions 
involved, we would draw 
attention to one illustrated [TO], 
'I’his shows the o[^rator filling 
nail-brush boards w'ith fibre 
by a princi[>le known as 
“ punching.” The modus o|H?r- 
andi is to drive a knot into 
the hole, and at the same time 
to “anchor” it into [josition 
w ith a metal clip arrangement. 
One may liest liken it to a 
double -pointed staple. Tho 
punching not only forces it into 
the board, but opens the clip 
inside tlie brush, and thus .secures the knot in position. 
In the hand-drawn brush the knots in each row 
are drawn (and therefore connected together) on a 
continuous wire ; in the machine-punched brush 
each knot is isolated, fmd therefore self-contained. 
Dandy brushes for stable use arc very frequently 
made on the “ punched ” principle, and so, too, are 
many fonr.s of scrubbing brushes. 

Bt?vclling and finishing 
scrubbing brushes by 
machinery has to-dsy 
iK'cn reduced to a fine 
art, and at tho Hertford- 
shire factories of CJ. B. 
Kent & k'^'ons grosses of 
theR(' bruslu's are linislu^d 
in the time that would 
l>e taken to finish dozens 
by hand labour. When 
W'c say iinislied, we do not 
mean made to shape only, 
but [)roduced as eminently 
marketable commodities 
[6|. Another engineering 
triumph may be seen at 
the same factories. This 
is so remarkable that 
if it were possible for a 
modi aval brushmaker to 
visit again “ the jdanc of 
his former triumph.s,” ho 
would not only say that the machine was living 
and functional, but that it was endowed w ith reason. 
A bone handle is placed on the carrier, and the holes 
are bored evenly and regularly. Just the right 
quantity of bristle is picked out and w'ired to the 
stock, and the brush is made in a few seconds (9j. 
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A N etching is a print taken by the method known 
as “ copper-plate printing ” direct from a metal 
plate on which lines have been bitten by an acid 
or other mordant. The plate may be of any metal : 
but iron, steel, zinc or copper have generally been 
used by artists ; and the latter so gi*eatly exceeds 
the others in suitability that it is almost invariably 
chosen. Zinc, however, has certain qualities of 
its own, producing a strong, rich line which is 
excellent for broad effects. Its treatment in no 
way differs from that required by copper, and 
the description of the process which follows applies 
to both metals. 

Preparing the Plate. The plate used 
should be of good and even quality and its u])|»er 
surface given a fine jmlish — circular. Such plates 
can l>e purchased ready for use. The polished 
surface must bo overlaid with a ground, oom}K>sed, 
as a rule, of beeswax, asphaltum. Burgundy pitch, 
and gum-mastic in varying pro]K)rtion8 ; but 
equal parts of each may 
bo taken as a good formula 
for general use. The 
ground may be applied: 

(1) hot, by means of a 
dabber; (2) cold, as a 
paste dissolved in oil of 
lavender, by means of a 
roller ; (3) os a solution in 
chloroform poured over 
the plate. The dabber [3] 
is mode of horsehair, 
enchwefl in cotton-wool, 
with an outside covering 
of silk or kid ; and it is 
advisable to keep the 
stock of ground in a silk 
wrn]j]>or to ])revent grit 
from getting into it. The 
grounded plate should 
next be smoked to a 

1 )erfcctly even blackness, by being elamjied in a 
land vice and moved to and fro over the flame of 
a bundle of wax ttvpers. 

The subject of an etching is drawm in line alone, 
the tool used being of steel, and called a needle 
[2j. This usually has a fine point and need 
not be otherwise, for though some etchers liave 
employed a blunt tool for making broad lines, 
a better result is obtained by relying on the action 
of the acid for this puqmso. The drawing may be 
made direct on the ground, in fine lines of 
uniform thickness, with pressure just sufficient to 
penetrate the ground but not to cut the copper; 
or, if desired, it may be transferred, either from 
a lead- pencil sketch made on thin paper, damped, 
laid upon the ground, and then passed through the 
press with a little less than ordinary printing 
pressure; or, again, it may be scratohoa upon 
gelatine with a needle, red chalk or some otlier 
pigment rubbed into the lines, and the transfer 
made in the press, as above, or by rubbing the 
back of the gelatine with a burnisher. In this oasi^ 


the gelatine should not be damped. When the 
drawing is finished, the back of the plate must 
be varnished with Brunswick black, to [protect it 
against the action of the acid. 

The Etching Bath. The drawing having 
been thus put upon the plate, the next step is that 
of subjecting it to the action of an acid bath which 
performs the function of etching — or eating out in 
the copper — the lines drawn with the needle. It 
need scarcely be pointed out that on the success 
of this delicate oi>eration depends the whole merit, 
of the final result, no matter how good may have 
been the original design. The bath is of porcelain, 
sufficiently large to enable the plate to lie con- 
veniently within it, and shallow enough for the 
upper surface of the copper to be etusily accessible. 
Various liquids — monlants — are used for biting-in 
at the discretion of the artist, who may, however, 
be advised to confine his attention at first to 
one only of the following, in order that he m.ay 
become thoroughly well 
acquainted with its 
qualities and arrange the 
successive stages of the 
o])eration with certainty. 

(1) Nitric Bath. Nitric 
acid, of specific gravity 
1*42, and water in propor- 
tions varying from equal 
parts of each to ^ of acid 
and ^ of water, for cop]K*r. 
For zinc or steel much loss 
acid should be used. 
Nitrous may be substi- 
tuted for nitric acid. 

(2) Dutch Bath. Hydro- 
chloric acid, 10 parts ; 
chlorate of pobosh, 2 parts ; 
water, 88 parts. 

(3) PercJdoride of Iron 
Bath. A 40 ’ Boaume 

solution of perchloride of iron in water. 

The plate is now immersed in the bath, and 
in the course of a few minutes the bright lines 
of the drawing will be seen to cloud over 
with minute bubbles of gas, produced by the 
action of the acid iiimn the metal. If the piate 
be removed from the bath, and the groimd cleaned 
away with turpentine, it will be seen that every 
line drawn with the needle has been faintly eaten 
into the plate. If a proof be taken at this stage, 
the whole drawing will apj.)ear in fine lines such 
as are required for the lightest x>ortion only of 
the print. Those portions which ore destined 
to remain in this state must be covered again 
with ground. Stopping out, as this is called, is 
effect^ by a careful use of the dabber, leaving 
exposed ail those parts which require strengthen- 
ing. The plate is immersed again in the acid, and 
the whole operation repeated as often as neces- 
sary, until the proof shows a gradation, as 
nearljr as possible wrfect, from lines almost 
ns fine as the needle-point itself to the deep 
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blackness which gives an etching its peculiar 
richness of effect. In the course of this ])ro- 
ccediiig it may be found that the whole design is 
too light. 

Re»biting and Retouching. To darken the 
design “re-biting” is necessary. The dabber cannot 
conveniently be used, as it is difficult with it to 
keep the ground out of the already bitten lines. 
The difficulty is overcome in the following manner. 
Some ground is laid 
tliinly and evenly 
on a piece of plate 
glass, and a roller 
alternately passed 
over this and ov(‘r 
the plate, until the 
latter l>cars a suffi- 
cient ground. 'I'his 
should be done with 
the plates cold, 
until the operation 
is completed, when 
the oil of lavender 
can be driven off 
the copper by a 
gentle application of 
heat until the plate 
shines and the 
ground becomes 
hard. In carrjdng 
out this o|>eration, 
the nature of the 
line made on the 
copi^er by the 
momant must be 
borne in mind. This is not V-sha]Kid, but, in section, 
somewhat wider at the base than on the surface of 
the plate, the edges being undercut to some extent 
by the acid. Advantage may be taken of thi.s 
quality when the lines arc over-bitten and ))rint 
too dark ; for, with a burnisher used witli oil, 
their edges ipay be squeezed together and so 
made to hold less ink and print lighter. Addi- 
tional work may, at any stage, be put on the plate 
with the needle, after 
re -grounding, and 
local effect can be 
produced by apply- 
ing the acid with a 
feather instead of 
placing the whole 
plate in the bath. 

Ink Distribu* 
lion. The yilate 
should now be ready 
for printing, which 
is done in a copper- 
plate printing-])ress, 
exerting such pres- 
sure as to drive the 
tiajK'r into every 
(Icpres.sion in the 
eopi>er, and extract 
the ink therefrom. 

The ink used is made 
from any ])iguient with sufficient body, ground 
rather stiffly with burnt linseed oil ; umbers or 
ochres being preferred for colour, and Frankfort 
black, heavy French black, or a lighter black, 
made from the smoke of burning paraffin oil, for 
the blacks. The two former are used for giving 
“body” to the ink, and the latttT for blending to 
obtain s])eoial (|ualitie8 of printing. A great deal 
de])ends on the printing of an etching. If the plate 
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is cleaned as bright as possible, by means of tlie 
jrnlm of the hand charged with ink and whiting, 
only the bare linos show, ns in a visiting-card. 
But it is perfectly legitimate and very valuable to 
arrange the ink on the plate in such a manner 
ns to get much richer effects. In such a case, 
the iiiK is again worked with the palm of the 
hand, but w'ith a gentler pressure so as to leave 
more of it on the ])late outside the lines. 

A further effect 
may bo obtained 
by retroussagcj the 
dragging of the ink 
into desired diree- 
tions with a piece of 
soft muslin, which is 
lightly dra^\^l over 
the heated plate 
along the lines, fol- 
lowing the hand and 
bringing a i>ortion 
of the ink over the 
edges of tlio lines. 
This process softens 
them and makes 
them print darker 
than would otherwise 
hap^ien. By careful 
arrangement of the 
ink in these ways, a 
considerable amount 
of (one may be 
produced, but the 
process has to be 
repeated, neces- 
sarily, for each print. The plate must be kept 
warm over a “ heater ” in order to soften the ink, 
which is first applied thickly with a dabber ; the 
surplus ink is then removed w^ith a pad, and the 
final arrangement of it given with the yuihn of the 
hand ns just sbtted. The paper should be of good 
quality — old hand-made rag paper is the best — and 
both soft and tough. It is used damp. At every 
stage of etching, tlie teiupcruturc must be taken 

into account. 7’he 
student should study 
carefully the etch- 
ings of Rembrandt, 
Vandyck, Hollar, 
Mcryon ( 7 j, Whistler 
(the “ Tliames Set ” 
in particular), 

Sir Francis Seymour 
Haden, P.H.K. 

In the soft-ground 
etching process, ordi- 
nary etching ground 
is used, mixed with 
half its weight of 
lard or tallow. The 
ground is laid and 
smoked, as already 
described. When 
cold, a sheet of 
X)apcr is strained 
over it, and upon this the drawing is made 
with a lead-}»en(dl, which causes the groimd to 
adhere to the pay)cr in a broken line, deynjiiding 
upon the grain of the pay>er, the hardness of 
the iwncil, and the pressiirc used. The plate is 
then bitten and [»rinted in the same niiumer as 
an ordinary etching, the result being a singularly 
faithful reproduction of a pencil line. Some 
good examples of this method cun be seen in 
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5 . FROM A LINE ENGRAVINO BY B. 1 \ GIBBON, AFTER 
A. COOPER, R.A. (Working proof from unfinished plate) 
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the, work of Sarnuol Front, but, at the present 
time, it has almost ceased to be practised. 

Dryapoint. A form of en^aving which is 
usually classed with etching is produced by plough- 
ing up the copper with a steel or diamond point 
in such a manner as to leave the upturned metal 
in a ragged edge or bwrr ” on the side of a furrow. 
For this purpose the tool is sharpened to an obtuse 
angle. No acid is used, the burr holding most of 
the ink which gives the printing (juality to the 
plate ; if the latter were removed, the line would 
print sharp and clean. Dry-ymint is sometimes 
used alone, but more often ns a means of finishing 
an ordinary etching, it lx‘ing ea])able of an effect 
of great richness of black. The plate worked in 
this manner is only ca])able of coniyiaratively few 
imy>resaions, as the yiressure of yirinting soon 
flattens out and destro^’^s the burr. 

Etching Limited to Pure Line. In all 
the yDrocesses of etching it should be remembered by 
the beginner that he is dealing with ymre line, 
and that, within this limit, the art registers the 
precise work of the artist. In a rejiroduction of a 
yiicture the aim should be to exy>ress in line the 
intention of the yiainter, and not to imitate the 
texture of y)aint. In the selection of a subject, one 
lending itself to a 
liold or graceful 
arrangement of line 
rather than of mass, 
or tone, will always 
be more satisfactory, 
and the merit of an 
etching lies more 
often in what is 
omitted, but still sug- 
gested, rather tlian 
in an extreme of 
finish. If the right 
hint is given by tlu* 
etcher, the eye of 
the beholder eannot 
fail to (ill in the 
seheme offered to 
him with absolute 
eertainty and rare 
yileasure. The mis- 
take must never be 
made of confusing an etching with a yien-drawing. 

Aquatint Etching. I’his is a method of 
etching which resembles that already described, so 
far as it is the result of biting-in a drawing upon 
eot)i)er with acid, and when once the ydate is 
preynired, it exactly resembles it in the process of 
jninting. But the e.sseiitial difference between this 
class of ]>rint and etchings lies in the fact that in 
pure a(piatint there are no lines. Everything is 
expressed in tones, as in a wash drawing, of which, 
indeed, it may be eon^^idcred the engraved equiva- 
lent, as etching is that of pen drawing. This being 
so, Iborc is no u.se for needle or graver. The biting- in 
is done by washes of acid npy)lied with a brush, on 
a ground having certain necessary eharacderistic.s. 
And the y»reparation of this groiuid is, therefore, the 
flrst thing to be oonsidert'd. 

The princi])le underlying the various ways of 
obtaining an a(yualint ground will easily be uiider- 
Htood \yhen it is remembered that the smooth 
Hiyrfaee of an unused yflate will not hold ink for 
printing. It must be roughened in some way. To 
iH'gin with, therefore, we ro(piire, for the ymrymse 
of y)ninting acid on the ]>late, an even yuinting 
surface all over it. This is obtained by breaking 
up the surface into minute dots or retieula- 
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and can be effected by several methods of laying 
a y)relimmary ground, followed by acid biting. 
Grounding the Plate. In one case, an 

ordinary etching ground is first laid upon the plate, 
which is then heated till the ground becomes soft. 
Upon this finely yiowdered salt is next sprinkled 
evenly. The salt sinks through the soft ground, 
until it reaches the cojijicr. The ground is then 
allowed to become cold and hard again, when the salt 
earn be dissolved out with water, leaving the ground 
pitted minutely wherever it rested. If the jdate is 
now bitten in the acid bath, each of those pittings 
will produce a black dot. Another method, con- 
veniently known as sand-ground acpiatint, is to 
cover the hard ground with sand, or, better, with 
emery paper, and ])ass the plate two or three 
times through a printing press. 

But more convenient than tlicsc are the processes 
known as the “ resinous dust gi-ound,” and the 
‘‘ spirit ground.” In the former, finely ])Owd(Ted 
resin or asphaltum is placed in a box. which is then 
shaken rapidly or revolved until a smother of the 
dust is produced inside. The plate is then inserted 
at the bottom of the box — and allowed to rem.ain uni 11 
the dust has settled in an even layer on its upper 
surface. It is carefully withdrawn, and heated 

gOTitly. but not 
enough to melt th« 
dust, a proportion 
of which will Ix^ 
found to a<lhei(' to 
tlie])latp. The super- 
fluous dust is blown 
away, and the plate, 
if bitten, will show 
a covering of infini- 
tesimal white dots 
where the pnrtich's 
of resin or asphaltum 
adhering to it hav’e 
proleoted its •'juifacc 
against the action 
of the acid. This 
method gives good 
results, but requires 
careful manipula- 
tion and a speoially- 
made box, with 
an aperture and door for the insertion of the ])late. 

Tlie most convenient of all ways of making an 
a(piatint ground is by taking advantage of a 
eiirious ])ro])erty of resin. This is dissolved in 
rectified s])irjt, and flooded evenly over the plate. 
As it dries, the resin held in solution is again de- 
posited, and eontraots into a series of reticulations, 
<*ach of which, if bitten, will be repre.sented by 
fine line where the acid has ponotrateil the “crackle ' 
of the resin. 'Phe granulations produced will become 
coarser as the proportion of resin used is increased. 

The Aquatint Picture and its Limits. 

In the making of the picture the high lights are 
first .stop])ed out with Brunswick black. Acid, 
as already stated, is applied with a brush, each 
tint being similarly protected as finished, and 
the whole completed by successive steps in this 
manner, leaving the deepest shadows to the last, 
^’he method of printing is identical with that of an 
etching. Pure aquatint, as thus described, is by no 
means capable of a wide range of expression, 
although, for certain effects of landscaiie, it has 
unrivalled qualities. But its flatness of tone limits 
it to a considerable extent, and many artists have 
reinforced this by using a preliminary basis of 
strongly etched lines, put upon the plate before the 
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aquatint ground was laid. The history of the art 
begins with Jean Baptiste Leprinoe about 1750, 
almough earlier suggestions of it are to be found. 
It was introduced into this country by tJhe Hon. 
Charles Grevillc, who communicate it to Paul 
Sandby, R.A. This artist made the first English 
aquatint, in 1774, and his work [6J, together with that 
of William Daniell, R.A., J. C. Stadler, R. and D. 
Havell, and F. C. Lewis, may usefully be referred 
to by the student. An aquatint plate, it may be 
noted, has good printing powers, and is capable 
of producing a largo number of impressions without 
serious deterioration. 

Line Lngraving. The old and beautiful art of 
line engraving is now almost entirely abandoned ; 
but its revival always remains ]) 08 sible. The tech- 
nique of it is quite simple, but it requires a patient 
skill only attainable by long practice. It is to be 
remarked, in the first place, that the term “ line 
engraving ” is used to denote only engraving upon 
a metal ])late, made with a special instrument — the 
burin fl] — which may lie described as a short steel 
tool, curved upwards tow^ards the point, square in 
section, but grooved on each face, and fitted with 
a knob handle suitable for holding within the 
palm of the hand. In the ordinary meaning of the 
words line engraving,” they might be applied to 
etching, dry point, or w'oodcuts ; but the custom 
of ages sanctions the above limitation, w'hich is 
universally accepted. 

All the old engravings were made upon plates 
of copi^er until the early part of the nineteenth 
century, w'hen steel was largely substituted for the 
softer metal, the term “ steel engraving ” thus com- 
ing into vulgar use almost as a synonym for that 
forming the title of this section. In pure line en- 
graving no tool other than the burin w'as used. The 
subject w’as first lightly sketched ujx)n the plate, 

■* then gradually finished, the practice of most 
.•avers having lieen to work from light to dark, 
gradually filling in the shading as the task pro- 
gressed [6]. The burin wms held in the palm of the 
hand, guided by the finger and thumb, and driven 
forward against a pad w'ith considerable ])ressiire, 
cutting a line almost free from burrf4j. But many 
engravers made u.se of the process of etching as a 
convenient means of getting the outlines of their 
subjects uy)on the plate, biting-in lightly, and re- 
w^orking the lines with the burin. 

How the Masters of Line Used its 
Limitations. At a very early ]w^riod in the 
history of the art the dot makes its appearance as 
an adjunct to the pure line, and this is most easily 
made with a burin having its point curved down- 
wards instead of up. The old masters kept their 
work ojjen, using simple shading only to exj»ress 
form. Close cross-hatching — that is, lines crossing 
and re-crossing each other closely at varying angles — 
was a development due to attempts at realising the 
tone, and light and shade, of a painting or wash 
drawing. In this later work, the dot is used to 
strengthen, or as a substitute for the cross-hatching, 
instead of being Birn])ly a device to secure a softer 
effect than line was capable of giving. 

The great characteristic of burin work is that it 
produces only a formal lino or line and dot, as com- 
pared with tlie unfettered freedom of the etching. 
It will turn onlj^ in a curve, and thus im]:)Oses 
severe limitations on the skill of the engraver. 
The great masters of line, such as Diirer, Lucas 
Van Leyden, Mantegna, Marc Antonio, and our 
own William Rogers, were able to use this 
characteristic to splendid advantage, and the 


leaders of the Dutch and French schools — as, 
for example, Cornelius Vissoher, Nanteuil, and 
the Drevets — while losing much of the intrinsic 
value of line, quite compensated therefor by the 
superb modelling and light and shade with which 
they invested their portraits. After the close of 
the sixteenth century line engraving was chiefly 
devoted to the i*eproduction of paintings; and the 
student of this class of work should not rest content 
until he has made himself acquainted with the 
admirable engravings which were produced in 
England by the artists associated with J. M. W. 
Turner, absolutely the finest landscape engraving 
the world has ever seen. It was usual to take 
proofs of the plates in various stages of completion. 
An interesting series of these can be referred 
to in the collection of prints and drawings in the 
Victoria and Albert Museum. 

Stipple Engraving. This was a method much 
used in the second half of the eighteenth century. 
In it the whole of the picture is represented by dots, 
carefully placed, at wide or close intervals, to ex- 
press the modelling and light and shade of the design. 
These dots were generally made with a needle upon 
a plate covered with an etching ground, and, 
when bitten in. dec})enod and finished with the 
burin. For this puqmse, as alrca<ly remarked, 
the burin has a downward point. The roulette, 
a small wheel with toothed surface, and tools con- 
sisting of groups of two or more points, were also 
emjdoyed. A combination of cut line and stipple 
is also frequently met with. A special form of stipple 
used particularly for the facsimile reproduction of 
drawings has received the name of “ chalk en- 
graving.” It was executed partly with soft ground 
etching and ])artly witJi roiiletUw and ]mnche8. 
The best exam])les of stipple engraving — which was 
frequently printed in red or brown — are to be found 
in the work of F. Bartolozzi, \V. W. Ryland, A. 
Cardon, G. Vendramini, and L. Schiavonetti. 

Colour Prints. Mezzotint, aquatint and 
stipple, and even line engravings, were frequently 
printed in colours, the inks used being of the same 
nature as described above, but with the addition of 
pigment. Too often the use of colours was merely 
a device to disguise the wearing of the ])latc% and 
although a uleasing effect is produced in the best 
examples, this defect should always be watched 
for by the collector. The colours were arranged, 
as required, on the plate for each separate impres- 
sion, and it is imj)Ossible, as a consequence, to find 
two prints in colour from the same plate, that exactly 
corres])ond in the minutest details. 

It is fairly easy to detect the extent of handwork 
which appears on a coloured aquatint or engraving. 
If it be examined with a lens, the spaces between the 
engraved dots or lines will apjiear white in those 
parts wherein the colour was printed ; but where 
ap])lied by hand, the wash covers everything. Good 
examples of coloured mezzotint and stipple are to be 
found in prints by the ^Vards and J, R. Smith — 
especially those after Morland; of coloured aqua- 
tint by W. Daniell and the Havells; and a good 
print of pure lino engraving, printed entirely in 
colours, may be referi*ed to — “ A Sleeping Venus,” 
by P. W. Tomkins, after Titian. In France and 
Germany a good deal of attention is now being given 
to the production of coloured etchings. In these, 
the method of printing is that already indicated, 
but it should be borne in mind that the colour 
is an integral part of the composition from its in- 
ception, and the actual etching is subordinated^ 
thereto accordingly. 
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A STRONOMY deals with the celestial bodies, 
among which the earth is one of the least; it 
teaches us their physical constitution, and traces the 
history of their development. It is probably the 
oldest of the [)hysical sciences. Its foundations were 
laid when shepherds watched their flocks by night 
on the y>lains of Chaldea, and occupied their nocturnal 
leisure by studying the recurrent march of the 
stars. As good a way as any to begin the study 
of this fascinating science is to ])ut oneself in the 
place, as far as possible, of these earliest astro- 
nomers. Those who live in a town, which in our 
modern civilisation is the lot of the majority, are 
less favourably jilaced for this study than those 
whose life is passed under the clear and ojK-iii skies 
of the country ; but there are few towns so foggy 
or so shut in that the diligent student cannot find 
some y)oint of vantage in his near neighbourhood 
from which, on a cloudless night, an oj>en view 
can Imj obtained of a large imrt of the sky. 

The Motion of the Starry Sphere. After 
W'atching the starry heavens for a few consecutive 
nights during the same hours — say, from nine to 
tw'clve — the student will realise, first of all, that 
there is an apparent revolution of the w'hole 
heavens. He w'ill notice that the bright stars, 
which are scattered irregularly over the whole 
visible sky, apjK'ar to foriu themselves into certain 
more or less delinite patterns, known as conMla- 
HonSt and that these patterns continue to preserve 
the same relative arrangement from night tonight 
[Ij. But careful observat ion for oven so short a time 
as three hours in ti single evening will further show 
him that tlic w hole starry sidiere is in steady motion. 

Stars w hich a j)penr early in the evening low down 
near the eastern horizon, or boundary line of our 
vision, gradually climb up into the sky, whilst those 
which were originally slojiing towards the west 
sink further and further down, and ultimately 
disa}»]iear helow^ the western horizon. Their motion 
is precisely the same jis that of the sun, wdiich, as 
everybody knows, rises in the morning above the 
eastern horizon, gradually ascends until it has 
reached its highest point, and is ])ractically due 
south at noon, and then descends until it sets or 
sinks again out of sight behind the western horizon. 

The Daily Revolution of the Earth. 
We are familiar with this apparent motion of 
the sun, but so little accustomed to watch that of 
the stars through anything like the same space of 
time, that at first wt liardly associate the two. But 
the first lesson which should he learnt by the 
W'ntcher of the sky is that the stars behave just like 
the sun, and pass from the eastern to the western 
horizon in a Sjiace of time which is constant for 
each of them, though it differs in the case of every 
individual star. The real meaning of this fact is, 
of course, that the earth revolves on its own 
axis once in about tw'enty-four hours. Wo who 
live on its surface are unconscious of the motion 
which w'C partake, and consc(juontly are apt to 
talk of the sun and the stars as if they moved round 
the earth. This was the theory actually held by all 


men till the middle of the sixteenth century, and 
all early syst-ems of astronomy were occupied in 
accounting for the motion of the stars as if the 
earth was at rest in the centre of tlie universe. 

The Sidereal Day. After observing the 
stars for a number of nignts — not necessarily con- 
secutive, for a great deal may be learnt by taking a 
single evening a week for the jnirjiose — the young 
astronomer woll next notice that he has to distinguish 
bctw'ecn two distinct kinds of heavenly bodies. The 
great majority of the stars which bedeck the even- 
ing sky remain always fixed in the same relative 
positions to one another. They sw'ing steadily 
round the earth at such a rate as to complete one 
revolution in rather less than twmty-four houis. 
That (he ]icriod of their revolution does not exactly 
<‘oiiicide wuth tlie measure of time which we call a 
day is clear, indeed, from the fact that the configura- 
tion of the stars is not the same at the same hour on 
ev€Ty night throughout the year, as it would he if 
(his were the case. The stars which at one time are, 
high up in the sky are seen at another low' down on 
the horizon, whilst some of the brightest stars arc 
visible in w inter hut not in summer. I’he sidt rea! daf/, 
or jx^riod during which any jmrticular star comjiletes 
its revolution and comes hiu'k to the same place is 
about four minutes — exactly 3 minuter off'Ol 
seconds — shorter than the j^olar doy, or interval of 
time bet ween successive noons. 'J'his sidereal 
day is the rotation-])eriod of the earth. Conse- 
quently, any particular star comes hack to its place 
each night rather earlier than on the night before. 

For convenience, we measure the apparent 
motion of the stars from the moment at wdiich they 
cross the meridian, an imaginary great circle which 
is drawn on the celestial sphere through the yiole 
of the heavens and that point of the horizon which 
is due south of the observer. If a jiarticular star 
hapyiens to cross the meridian at ten o'clock on a 
particular evening, the next night it will cross the 
meridian about four minutes earlier. The actual 
difference Ixjtween the sidereal and the solar day 
is such that, after a year has elayised, any star 
coming to the meridian four minutes earlier every 
night will then have returned to the place which it 
cK-eu})ied a year liefore at the same hour of the 
night. ^In other words, the year contains .‘hiT)! 
solar, and 360J sidereal days. Hence the configura- 
tion of the stars as seen at the same instant of time 
on a particular night in every year is the same; 
or at least it W'ouki he so if there w'crc not other 
small hut long-continued variations to take into 
account, witli wdiieh the student need not trouble 
himself at present. 

Planets and Other Wanderers. This 
is the rule with most of the stars visible in the sky. 
But there arc a few exceptions to it. The student 
W'ill soon find that there are about half-a-dozen 
stars, and tliose among the brightest which he can 
see, w’hich do not obey this otherwise universal law. 
Instead of returning night after night to the. 
same position, they appear to w'andor among the 
other stars, and to oicupy positions which differ 
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considerably at d ifferent seasons. These • wn 

as 'planeMj or wandering stars. Venus, the brightest 
of them all, is known to everybody as the Evening 
Star or the Morning Star, occupying both positions 
at different times of the year. Jupiter, which is the 
brightest star in the sky after Venus, is another of 
the conspicuous planets. Mars, the red planet, is 
also well known to everybody who watches the night 
sky. Mercury and Saturn are less familiar, w’hilst 
LVanus and Neptune and the minor planets, nearly 
600 in number, are never seen without a telcacoja?. 

The moon, which is far brighter and larger than 
any of the stars, also holds a wandering course, 
both its position and its brightness varying 
from day to day through the month. Comets and 
•shooting stiirs, which also ap]x'ar in the sky, show 
ithemselves at apj)arcntly (juite irregular intervals, 
though we shall see later that they also are subject 
.to the reign of universal law. 

Nightly Motions of the Fixed Stars. 

We shall now confine ourselves to studying the so- 
called fixed atars^ those stars, namely, which preserve 
the same relative position and configuration from 
night to night, only varying, and that with |ierfect 
regularity, in the times at which they reach the 
meridian. For this reason they have been known 
from the dawn of astronomy as fixed stars, in con- 
trast with the planets oi* wandering stars. The 
student who watches the nightly changes in the 
sky with close attention will soon ]:>erceivo that all 
these fixed stars appear to move in circles or parts 
of circles. Some of them describe larger circles than 
others, and the further south a star is when it pa.sses 
the meridian, the larger circle will it describe. 

If we look north, it will not be long bt'fore we 
satisfy ourselves that 
the constellations^ or 
groups of stars, in 
that quarter of the 
sky descril)e circles 
which would be com- 
plete could we watch 
them through the 
twenty-four hours. 

"J’he brilliant light of 
the sun blots them 
out of sight when it 
is above the horizon, 
and thus we can only 
follow them through 
a part of tlieir 
diurnal path. But 
this y)art is always 
a segment of a circle, 
and at different 
times of the year we 
can watch them in 
different parts of the 
same circle, so that 
we infer that they 
actually complete 
the circle daily in 
somewhat less than 
twenty-four hours. 

They can actually he 
watched doing this 
by Arctic travellers in latitudes where the sun 
remains out of sight, and there is perpetual night, 
for several months at a time. 

The Pole Star. There is one star, however, 
w hich apy)ears to the naked eye never to move at all. 
'I’his is known as the Pole Star, and the first aim of 
tfhe student shotild be to discover it for himself. It 
lies due north, and its height above the horizon is 
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always equal to the latitude of the observer’s 
position. Thus, at the North Pple, the Pole Star 
would appear to be directly overhead, or in the| 
zenith ; at the Equator, it would be exactly on the 
horizon, though practically it would always be 
invisible : to a London observer, it appears to hang 
at an altitude of a little more than 51°. If the 
student will now procure a small model of the 
ierrestrial globe, he w'ill speedily perceive the mean- 
ing of this fact observed about the Pole Star. 

The Celestial Poles. The poles of the earth 
are the points at which its imaginary axis emerges, 
and w'hen prolonged indefinitely this axis cuts the 
imaginary sphere of the heavens in two points, 
w'hich are known rcs|>ectively as the north and 
south celestial poles. If wo now cause our model 
glol>e to rotate, keeping the axis pointing in the 
.same direction, a little thought will make it clear 
that, to an observer on it.s surface, the stars, which 
are supposed for convenience to be fixed on the 
surface of an exterior globe, will all appear to 
descril)e circles round these celestial poles. These 
circles will vary in size with the star’s distiince from 
the pole ; and if one of these stors happens to occupy 
a position corresponding to a cele.stial pole, it will a]>- 
])car to remain stationary to the terrestrial observer. 

'I’bat is the ease with the Pole Star, which, indeed, 
is not absolutely coincident with the celestial North 
Pole, but is so near to it that the tiny circle 
which it describes in its motion can be measured 
only with the aid of a teleseo|)C. I’o the 
naked eye it a}>]>oar.s to remain motionless night 
after night, and thus ])rovides us with a simple 
method of asc-ertaining the true North, as well as 
fixing the centre round which all the other stars 
ap]H‘ar to revolve, 

Jt cannot Im; too 
often rejKjated that 
this motion of the 
stars is o\\\y apparent. 
being du(‘ to the real 
rotation of the earth, 
along with the ob- 
server on its surface, 
in the contrary direc- 
tion. 

There are about 
three thousand slats 
visible to the naked 
eye in our latitude, 
though not all these 
are visible at the 
same time, many of 
them iKung below' the 
horizon whilst others 
are elevated in the 
sky at different times 
and seasons. 

P’rom a very early 
tH*riod they have 
Iwion mapped out for 
convenience into de- 
finite figures, or con- 
stellaiions. to which 
juore or less fanciful 
names have botm 
adapted. The student must familiarise himself 
with the general names of these constellations, 
which he can easily do with the aid of any goodi 
star atlas, many of which are now published. 
Messrs. Philip’s planisphere may be specially 
recommended. It is frequently by no means easy 
to recognise why these constellations have received! 
their individual names, which often involve a great 



1. CIRCUMPOLAR CONSTELLATIONS 



2 , CONSTELLATIONS VISIBLE IN AUTUMN 


(leal of imagination on the ])art of the observer. 
Most of them have come down to us from the earliest 
times when astronomy was studied in the valley 
of the Euphrates. 

The Circumpolar Constellations. Wo 

shall begin by doseribing the circumpolar eon- 
stellations, whieh are iiear('st to the Pole Star, 
and which never set in our latitude. In <dher 
words, they are visible at all times of the 
night and at all seasons of the year, though in 
ditTerent inonths they oeeui)y different positions. 

The most famous and familiar of these conatell i- 
ti(ms is the (beat Pear, which is also known as 
the Plough or Charles's Wain. It consists of seven 
bright stars arranged in the sha]>o of a saucepan 
witli a bent handle, from which our Transatlantic 
cousins have given it the more comprehensibh* 
name of the Di})|K’r — American for 8auce])an. 
The two stars which form the side of the sau(H*pan 
farthest away from the handle are known as the 
Pointers, because they furnish a ready means of 
finding the Pole Star, which lies in a straight line 
with tneni. On the opposite side of the Pole Star, 
and about equally disbint from it, can be seen the 
constellation of Cassiopeia, sha|ied like a very 
irregular W. If wo imagine a circle drawn round 
the Pole Star, passing through the (beat Pear 
and Ca88iot)eia, and divide its circumference into 
four parts, we shall find two other conspicuous 
constellations occupying the two remaining (piad- 
rants. These are Auriga, or the Charioteer, and 


Lyra, or the Lyre, Each of them is distinguished 
by a star brighter than any w'hich we have yet 
seen — Cajiella, in Auriga, and Vega, in Lyra. The 
latter star may be readilj’^ distinguished by its 
steely blue lustre, whilst Cajadla is more of a 
yellowish colour, and both surpass in brightness 
all other stars in the neighbourhood of the Pole. 

I’he curious river of stars, crowded so closely 
together as to shine with indistinguishable lustre, 
which is known as the (ialaxy, or the Milky Way, 
will be noticed meandering round the Pole from 
Auriga through (Cassiopeia ti^J it almost touche.s 
Vega, and thence flowung off in both directions to 
make a great circle in the heavens. 

Extrapolar Constellations. The four 
constellations which encircle the Pole Star arc always 
visible in our latitude, but as we go further south 
we find that the constellations move in larger and 
larger circles, until they dip beneath the horizon 
and disap|3ear from sight. If we draw a circle 
round the ])ole at such a distance as just to touch 
the horizon, all the stars wdthin this circle will 
be ])eri)etually visible, and it is therefore called the 
('trcle of Perpetual Apparition. Its distance from 
the pole de\iends upon the latitude of the observer. 

It is quite impossible within our limits to give 
a detailed account of all the constellations which 
lie outside this circle and are visible to us at one 
time of the year but not at another. We may 
simply name some of the most conspicuous of 
these constellations, with the time of year at which 
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8 . THE CONSTELLATIONS OF WINTER 


they are visible in our latitude and the most 
brilliant stars whieh they contain. 

Seasonal Constellations. I'lie chief con- 
stellations visible in autumn are Taurus, or the 
Bull, containing Aldcbaran and the Pleiades ; Orion, 
the most splendid of all constellations visible in this 
country ; Canis Major, marked by 8iriu.s, or tlie 
Dog Star [2]. 

Constellations visible in wint(‘r arc Canis Minor, 
the Little Dog, conta ining the brilliant star Procyon : 
Gemini, or the Twins, containing the bright stars 
Castor and Pollux ; Leo, or the Lion, marked by 
the bright star Regulus [3]. 

Constellations visible in spring are Bootes, or the 
Herdsman, marked by the bright star Arcturus, 
lying in the prolongation of the curved handle of the 
Dipf)er, or tail of the C:lreat Bear; Virgo, or the 
Virgin, containing the bright star Spica; Scorpio, 
the Scorpion, with the red star An tares [4]. 

Constellations visible in summer arc Aquila, the 
Eagle, marked the bright star Altair in the 
Milky Way; Pegasus, the Flying Horse, with its 
characteristic square y)attern of stars {5]. 

These are only a few of the constellations into 
which the visible stars have been mapped otit, 
and are mentioned here because they contain the 
brightest and most conspicuous stars. It is no 
very difficult task to learn to distinguish them, 
but this can be done so easily with the help of a 
star map that it would be a waste of space to 
give further directions here for their identification. 
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The student has by this time elucidated nearly as 
much praeti<!al astronomy as was known to the 
ancients. They discovered, by observations of the 
same kind as he has made, that the fixed stars 
appeared to revolve daily round the earth, that 
the Pole Star alone remained in the same jdaee, 
and that this revolution was completed in a little 
less than twenty-four hours — the time occupied by 
the sun from noon to noon — so that a different set 
of constellations occupied the same part of the sky 
at different times of the year. 

The Ptolemaic System. They accounted 
f(jr these phenomena, however, by supposing that 
the stars were really in motion round tne earth, and 
were fastened on to the surface of a vast trans- 
j)arent or crystalline sphere with the earth in its 
centre. Other concentric and invisible spheres were 
intr(xluced to account for the apparent movements 
of tlie sun, moon and planets, each of which was 
supposed to have a sphere of its own, moving in 
some curious fashion which accounted for the 
obwirved facts. In this way Ptolemy of .Alex- 
andria and his successors formed a highly ingenious 
and complicated system of astronomy, which was 
quite comjKJtcnt to explain the actual motions of 
the various planets with as much accuracy as 
w'as reciuired by observations made entirely with 
the naked eye, and even to predict their future 
])laoe8. Ptolemy was quite aware that the earth 
was a globe, and that it was exceedingly small in 
comparison with the distances between it and the 





Htars. Blit it never seems to have occurred to him 
that it was very much simpler to sujipose that the 
earth was itself rotating? than that these friiiantie 
spheres, l>earing the fixed stars and all the ]>lanets, 
were sweeping round it with the territic sj>eed that 
would be necessary for the outermost of them to 
complete one revolution in every day. 

The Coper nican System. The real stale 
of things with regard to the planetary and stellar 
motions was first taught by Oo|>ernicus, a I’russian 
monk, who was born in 1473 and died in ir»43. He 
was the first who clearly conceived tlie true system 
of the universe [6]. He demonstrated that the 
diurnal revolution of the heavens was only an 
apparent motion, corresponding to the real rotation 
of the earth on its own axis in the same period ; 
that the earth, instead of being the centre of all 
things, was merely one of the ]>lauets, revolving 
in an orbit round the sun; that the sun itself 
was only one of the numerous stars which bedeck 
the heavens with light, and that these stars were 
at a distance from the earth which was very gr<»at 
in comparison with that of the sun or the planets. 
He also show'ed that the apjiarent movement of 
the sun and moon among tlie stars eouUl be ex- 
plained by supposing that the earth revolved 
round the sun in a year, and that the moon 
revolved round the earth in a month. 

Copernicus first enunciated this great truth, 
which is now familiar to every schoolboy, but 
to work it out completely was reserved for a 
series of astronomers. The accurate observations 


of the Dane Tycho Brahe, the laws of planetary 
motion which the (lerman dohn Kepler based 
upon them, the discovery of the telescuix' and the 
laws of motion by the Italian Galileo Galilei, and 
finally, the great discovery of the law of universal 
gravitation by oiir own Sir Isaac Newton, were 
all necessary before astronomy could become an 
exact science. 

The Diurnal Motion. A little thought 
will show the student how it is that the real motion 
of the earth on its own axis gives us the effect of 
an apparent motion of the w'hole universe round 
the earth. If he stand up in the middle of tlie 
room and turn slowly round, the effect will 
he exactly tlie same as if the walls of the room 
stood ^npon a turntable and had revolved while 
he stood still. He knows ipiite well that it is 
he himself who is turning round. But in the 
ea.se of the earth we are entirely uneon.seious of 
its motion, beeau.se we ourselves and all the objects 
which surround us, including the atmosphere, 
share in it. Motion, of course, is only relative — ■ 
that is to say, we can only detect it by reference 
to some fixed point. So it is with the spinning 
earth. It is constantly rotating with a six^ed W'hich, 
at a jioiiit on the eipiator, amounts to over a 
thousand miles an hour: but this rapid motion is 
quite ini perceptible to us, since w'C .share it, until we 
look at some external object like a star. There is 
really nothing but probability to show' us whether 
we are moving in one direction or the stars are 
moving in the opposite one. During the greater 
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part of the existence of mankind the latter view 
was universally accepted. Now, however, we are 
all convinced that the former is the true one. 

The earth rotates on its own axis once in 23 hours 
56 minutes 4*09 seconds, and consequently in the 
same period the stars apjK*ar to complete a revolu- 
tion in the opposite direction. 1'he exact length 
of this period is determined by measuring the in- 
terval which elapses lK*t\veen two successive 
passages of the same star across the meridian, and, 
of course, it proves to be the same whatever star 
we may choose. 

The Earth’s Yearly Journey. Tn addi- 
tion to the diurnal motion of rotation, the earth 
has another quite indcf)endent motion. This we 
deduce from tin* a})])arent motion of the sun. 
Our luminary a})j^ars to describe a great cinle 
among the stars in the course of a year ; this 
circle is known as the ecliptic. By the same uiethod 
of reasoning ])reviously employed it will be seen 
that the ap])earanccs would be just the same if, 
instead of the sun travelling round the earth, the 
earth travelled round the sun ; and this is the 
explanation now adopted. Its accuracy is proved 
by certain physical considerations which lie beyond 
the sphere of this course. The earth, in fact, is 
one of the planets attendant on the sun, and 
travels round that star in an orbit w'hich is nearly 
circular, but is actually an ellipse, at a distance 
from it which averages rather less tlian 93,000,000 
miles. It always travels in the same plane, which 
is known as the 'iilane of the ecliptic^ and is 


inclined to the plane of the earth’s equator at an 
angle of about 234^. It is the combination of this 
orbital motion wfth the earth’s diurnal rotation 
which, as we have seen, causes the stars to present 
different configurations in the heavens at the same 
hour at different times of the year. In the course 
of its journey round the sun it will be clear that the 
earth makes one additional revolution on its own 
axis ; in other words, it makes 366i revolutions 
with regard to the stars in the same time as it 
makes 365.| with regard to the sun. Thus, every 
star comes baek to the meridian to-night rather 
less than four minutes before the solar time at 
which it arrivtsd last night. 

Solar •and Sidereal Time. Hence it 
follows that there are two distinct methods of 
measuring time. Tliey both de}>end upon the 
earth’s rotation, which continues at an unvaried 
rate — or, at least, the variation which is believed to 
exist is so small that it is quite imperceptible within 
the span of man’s history. The actual period of 
the earth’s rotation, as measured by the interval 
between two successive a])])earances of the same star 
on the meridian, is known as a sidereal day. divirled 
into 24 sidereal hours, minutes and seconds. 

The solar day, how'cver, is measured by the 
interval betw'een two successive meridian passages 
of the sun — or, rather, since the sun’s motion 
is not quite uniform, between two meridian 
passages of a fictitious body known as the inean 
sun, which is never more than a minute or two 
in front of or behind the real sun, but is so chosen 
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tliat every day is of exactly the same lengtli. This 
day, as every one knows, is divided into 24 solar 
hours, minutes and seconds, which are those measured 
by ordinary clocks and watches. Astronomers 
use, clocks which are regulated to keep sidereal 
timet and consequently register 24 hours while 
an ordinary clock only registers 23 hours, 50 
minutes, 4*09 seconds. 

The sidereal and mean solar time are in agree- 
ment on March 22nd, and for the rest of the year 
the sidereal elock is steadily gaining until it 
catches up the solar clock at the same date next 
year. Thus, the same star always crosses the 
meridian at the same time by the astronomical 
or sidereal clock, and a simple calculation — ^multi- 
plying the number of days which have elapsed 
since March 22nd by 3 minutes 55*91 seconds, 
and adding this to the time shown — gives the 
forresponding solar time. As astronomers do most 
of their work at night, they reckon the day from 
noon to noon, and divide it into 24 hours: thus 
5 a.m. on .June 23rd is spoken of by astronomers 


which shine in the midnight sky. Its nearest 
stellar companion is situated at an almost incredibly 
vast distance, such that a body moving with the 
sjjeed of light itself would t^ike more than four 
years to cross the gfm which divides the sun from 
the nearest star. The sun, with its attendant 
planets and their satellites, as well as certain 
comets and shooting stars which also circle round 
it, make up what wo call the solar systemt the 
study of which must be the first object of the 
astronomer. The far-off and innumerable stars 
form the subject of a later division of the science, 
known as stellar astronomy, with which we shall 
deal in a later section. But the greater part of 
this course will be devoted to the motions, move- 
ments, and physical characteristics of the bodies 
comi>osing the solar system. 

The Solar System. The centre of the solar 
system [6j, of course, is the sun, that great luminous 
orb which sup])lies lis with almost the whole of 
the light and heat which are necessary for the 
continuance of life, and which holds .all the planets 



as June 22nd, 17 hours, Creenwich mean time. 
This must Ix' remembered in consulting astro- 
nomical tables. 

The Motions of the Moon and 
Planets. The moon, in addition to sharing the 
diurnal motion, also describes a circle among 
the stars, which it completes, from new moon 
to new moon, in the period known as a lunar 
month, or about 29J days. This phenomenon 
is similarly explained by the fact that the moon 
describes a nearly circular orbit round the earth, at 
an average distance of 238,840 miles, in 27 days, 

7 hours, 43 minutes, 11*55 seconds. The former 
period is known as the sjmodic, the latter as the 
sidereal month — the difference being due to the 
earth’s orbital motion. 

T’he other planets, like our own earth, <lescribe 
elliptical orbits round the sun, at distances 
which vary from about 35,000, (KM) of miles in the 
case of Mercury, to 2,775,0(X),(KK) of miles in that 
of Neptune. The time which they take to com- 
plete this revolution varies from about 88 days 
to more than 164 years. It is the conqiosition of 
these real motions which accounts for the apparent 
movements of the sun, moon, and planets. 

The Sun a Star. The sun itself is a star, 
and by no means one of the largest among those- 


in regular motion about it by its vast gravitating 
energy. The sun is a star of comparatively small 
magnitude, w^hich is yet so large that if the earth 
were placed at its centre there would Ix-s ample 
room for the moon to revolve round it inside the 
sun, and so massive that it outwciglis all the 
planets put together more than 700 times. 

The nearest planet to the sun is Mercury, at a dis- 
tance of 35,000,000 miles. Next comes Venus, the 
bright evening star, at a distance of 66,000,000 miles. 
After these inferior planets follows the earth, distant 
93,000,000 miles. The remaining jJanets, being 
beyond or .above the earth, are known as superior y 
and include Mars, at a distance of I41,(X)0,0(X), 
Jupiter 480,000,000, Saturn 881,(KK),000, Uranus 
l,77!,tK)0,000 and Neptune 2,775,000,000 maes. 
Between Mars and Jupiter there is a curious 
swarm minor planets, of which nearly 600 are 
known. 

The earth has the moon for its single satellite, 
revolving round it as the planets revolve round the 
sun ; and all the exterior ])lanet8 have their 
satellites, varying in number from the one which 
circles Neptune to the ten which whirl round Saturn. 
In addition to these planets the sun has for 
attendants an unknown quantity of comets and 
meteorites. 


Continued 
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AS lonsos are important items in so many 
0])tieal instruments it will be apt^roprialo to 
consider them first. Lenses are the chief feature 
of microscopes, telescopes, lanterns, cameras, and 
spectacles, and the methods of manufacture of 
the various lenses have much in eommon. The 
material of which lenses are made is generally 
glass, although for s)U‘etaeles pebble or tpiartz 
has several advantages. Pebble, however, in any- 
thing but the thinnest plates, such as are required 
in spectacle lenses, has a double refraction, hence 
it cannot be used in many optical instruments. 
The definition of a lens, as showing the difference 
l^twoen a lens and an nrdiiiarj’ piece of glass, is 
“ a piece of glass or other transparent suhstance 
shaped so that rays of light passing through it 
are made to change their direction and to magnify or 
diminish objects at a certain distance.^’ The 
illustration [1] is wliat is known as a convex lens, 
the straight lines representing light which, by the 
action of the lens, is refracted and converged t(» a 
point, called the fnni-s. The s'l'cond figure {2] is a 
concave lens in which the rays of light are diverged. 
It is obvious that a focus is not formed by this 
lens, but what is called a ‘’virtual focus” is obtained 
by following the rays backu'ards as shown hy tlu^ 
dotted lines, V being the point of virtual foens. 

The various kinds of lenses must l>e imagined 
as segments of glass spheres or cylinders, the 



1. COrRSE OF RAYS THROUGH CONVEX LENS 


>rodiioed by a small quantity of emery powder, 
t is obvious that in time the tool will have 
worn the glass away until both are of the same 
curvature. The rom)>aratively rough surface — • 
it looks like ground glass — is tlicn treated with 
finer emerj^ }>owder and finally putty j>owder 
until a brilliant surface or polish results. The 
curvature of the tool determines the curve of the 
glass and the curve of the glass is the chief factor 
in the magnifying or diminishing properties of the 
glass. I^enses made of different glass vary in 
their pro])erties, so that by picking the kind of 
glass and the depth of the curves and combining 
the several lenses different effects are obtained. 

Measuring Spheres. The instruments used 
for measuring spherical lenses are called sphero- 
incters. One of the oldest is the lloss sphero- 
metcr, shown in 4 . It will be seen that the 
central index bar is moved up or down according 
to the convexity or concavity of the cylinder that 
is being measured. The index bar is ]>rovided 
with a vernier for fincT reading. Professor Silvan us 
P. Thompson lias also devised a spherometer, but 
the one eh icily used by s])eftaele makers is that 
invented by Mr. J. T. Brayton, a C-hi(;ago optician. 
This is. in size, like a watch, the appearance of 
the instrument and the internal works being shown 
in 5 and 6. It gives by direct reading the focal 
length of a lens either spherical or cylindrical. 



2 . COURSE OF RAYS THROUGH CONCAVE LENS 


different forms lieing shown 
in the illustration [3j. 

The Principle of 
Lens Making. As stated, 
the various lenses are seg- 
ments of sjihcres, and the 
chief object in lens grinding 
is to obtain truly spberieal 
surfaces. This is fortunately 
comparatively easy on account 
of the natural tendency of 
two surfaces to grind each 
other equally when rubbed 
together, es|)ecially wh^n the 
surfaces are paiiasl — a con- 
cave and a convex surface. 
In order to grind or polish 
a lens surface a tool must 
bo made of the exact shape 
of the lens ref|uired, this tool 
being moved over the sur- 
face of the lens in several 
directions, abrasion I>eing 
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A. Hi-convex or c(|ui-coMvcx H. JMano-convex 
C. Convex iiienis(;u8 or peri8CO|MC convex I>. Hi- 
concavc or cqni - concave K. Plano - concave 
F. Concavo-convex or periscopic; concave, G. Con- 
vex cylinder H. ^’oncave eylinder. J. Prism 


the measure in dio])tric8 
being indicated on the dial. 
The angles of prisms are 
measured by an instrument 
called a goniometer. 

Some Defects of 
Lenses. When light ])asse3 
from air into another sub- 
stance of greater density it is 
bent or rcfrjicted. A familiar 
illustration of this is obtained 
when a stick is dipped into 
water, the refraction of light 
at tlie surface of the wabT 
giving rise to the impression 
that the stick is bent. Light 
is made up of a series of 
vibrations which together 
give the sensation of white 
light, but the component 
vibrations violet, indigo, blue, 
green, yellow, orange and red 
are bent or refracted in an 
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unequal degree. By means of a prism a beam of 
light can be separated into its component parts, 
the experiment being familiar to students of 
physics. A lens of spherical shape is really a 
collection of prisms, an idea which can be readily 
grasped by studying a section of a lens, and hence 
colour fringes familiar with prisms are ob- 
tained witn single lenses. This defect is 
known as “chromatic aberration,” the amount 
of difference between the refrac- 
tion of the extreme colours being 
called the “ dia]Xir8ion ” of the 
glass. To correct chromatic aber- 
ration is one of the most important 
functions of the opticians. Dif- 
ferent kinds of glass have varying 
refracting powers, or dispersion, 
and by putting together differing 
glasses it is possible to neutralise or coirect 
the defects of either, a lens so produced Ix^ing 
achromatic — free from colour. Crown and flint 
glass are the commonest examples. A disc of 
each glass put together produces a lens free from 
colour defect, but obviously the 
positive and negative lenses must 
not be of corresponding strength 
or no lens effect will be obtained. 

The rule is that the foci of the two 
lenses should be pro)K)rtional to the 
relative dispersion. A large numl)er 
of various kinds of glass arc now 
available, and the requisite propor- 
tions can be calculated when certain 
])hysical properties of each glass 
are known. Another defect — 
spherical alierration — is due to the 
shape of the lens and cannot be 
entirely corrected. It can, how- 
ever, be reduced to a minimum. 

The nearer the surface tends 
towards the elliptical form the 
less aberration there will be, and 
by pro|)erly combining the curves 
of two lenses most of the al>er- 
ration can be destroyed. Astigmatism is 
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defect 

in which a round point is rendered by an oval, 
the correction lading made by keeping the lens as 
concentric as ]>os8iblc. Various distortions exist 
in lenses which are known as barrct-,shafHd or 
i)in-cu8hi(m, according to the kind. 

These defects are neutralised by 
“stops,” or diaphragms pi a ceil 
bet ween the two lenses. 

The Manufacture of 
Lenaes. The methods of 
making lenses will now be dealt 
with, but specific instruction in 
special classes of lenses will also 
bet refcnetl to under the various 
optical instruments. 

Ijcnses are worked by hand or 
machine, the latter arranged to give 
motions similar to those im})arted 
W the workman in the hand method. 

Por persons who already have a 
lathe, a useful lens-grinding attach- 
ment is shown in 7. It consists of 
a wooden box supplied with a curved 
arm inserted in the tool-rest support. 

A vertical journal box piisses through 
the bottom of the box, and contains a shaft having 
upon its upper end a socket for receiving the grinding 
twl, and on the lower end a grooved wheel sur- 
rounded by a rubber friction band, which is rev ol veil 
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by contact with the face-plate of the lathe. The 
speed of the wheel relatively to that of the lathe can 
be varied by raising or lowering the shaft by means 
of the box support in the tool post. The glass to be 
ground is cemented to the face of a flang^ casting, 
and is held down to the grinding tool by the lover 
attached to the box. The centre of the lens 
should be eccentric to the centre of the grinding 
tool, so that the lens will be revolved on the 
face of the tool. The point pro- 
jecting from the lever enters a 
small cavity in the centre of the 
casting, to which the lens is at- 
tached, and ensures an equal pres- 
sure over the entire surface of the 
lens. 

Gauges. The tools which 
must be provided first are the 
templates, gauges, or patterns for forming the 
curves of the grinding tools. For long radii, 
the gauges are sometimes cut out of thin plate- 
glass, say about in. thick, by cementing it upon 
the bench and mounting a good diamond upon the 
end of a radius bar. In its simplest 
form, the radius bar may bo only 
a wooden rod, with a bradawl 
stuck through it into the bench, 
the diamond being ])laced from the 
awl at the distance equivalent to 
the radius of the curve. The glass 
is cut and separated, the edges of 
the two pieces being resjiectively 
concave and convex. These edges 
are ground together with emery and 
water by being laid upon the bench 
and rubbed edge to edge till they 
fit truly. More usually templates of 
large and medium radii are cut out 
of sheet brass, or even zinc, either 
with the radius bar or in the 
turning lathe. The brass concave 
and convex gauges are cut at 
separate operations as it is neces- 
sary to adjust the radius to com- 
pensate for the thickness of the edge of the cutter. 
The edges are ground truly together. A gauge 
made in a turning lathe, with bevel edges, is sliovTi 
in 8. The tools are turned to the brass gauge, 
sometimes only the concave tool, the convex one 
being turned from the perfect con- 
cave. Double calipers and step 
gauges are used for gauging the 
thickness of concave lenses in the 
roughing process. 

Grinding and Polishing 
Tools. Having the templates 
ready, a concave “roughing” tool 
is next made. . This, called a “shell,” 
is needed for a convex lens, and is 
turned from wood, being gauged 
until true. A shell in iron is ob- 
tained by casting : at the same time 
another * casting about J in. larger 
is made, which serves later on as a 
medium for the jmlisher. A pair of 
brass tools [ 9 ], concave and convex 
resiKJctively, are next made, and 
the.se being the tools that arc re- 
sponsible for the curves of the lenses, 
a good deal of time must be de- 
voted to their preparation. The two tools must 
fit each other as accurately as i>ossible. In lens 
factories this is carried out so exactly that when 
the two parts are put together the lower tool can 
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b© raised by means of the upper tool. As 
mentioned above, the is used for the 

concave tool, and from this the convex portion 
is 8hA}>ed. The turning tool, or scraper, shown 
in 10, is useful for giving the final shape to the 
concave tool. It consists of a shar]>ened steel disc 
attacliod to or formed upon the end of a bar. 
Drawn brass is preferable for the tools, as it is 
more homogeneous than a casting. The backs of 
the tools are provided with scn'ws like an md inary 
chuck, so that they can be fitted into the lathe 
mandrel for turning, and when rccpiired for grinding, 
fixed to a “ }X)at ” or upright in the workshop. The 
brass tool must be made of sutticient weight to 
retain its “ figure,” witliout risk of tlexure. To 
correct the curvature of the tools, the <‘onvex tool 
is fastened hy the screw on the back to the post, 
and a handle having he<‘n fixed to the concave tool, 
it is placed on the convex tool and the two rubbed 
together. If now tli<‘ surfaces are (*xamined, the 
parts not true will be sliowu by a brightness which 
is carefully corrected by the scra])er [ID], until, 
when the tools are nearly true, a little emery is 
introduced between the two tools, and by means of 
a circular swinging motion, continually varied in 
extent and direction, tlie two tit each other ])er- 
fectly. Occasionally, it is necessary to reverse the 


Roughing. The next process is called 
“■ roughing ** or “ curving.” In this, the lens is 
approximately shaped by means of a grindstone, 
emery wheel, or revolving spindle, to which is 
attached a hardened steel tool, moistened with 
turpentine. Another method, in which sharp wet 
sand is allowed to drip on tlio revolving ” shell,” 
against which the glass is pressed, is shown in 12. 
The shell is placed in the shallow tray to catch loose 
sand that flies off during the process. Each side 
of the glass is roughed, the glass being detached by 
warming the piteh cement. The parallelism of the 
tw'o sides is obtained by ol)serving the edge of tho 
glass and the depth of the suihuavs by the oali])er 
and stop gauges. 

Lens Grinding. The lenses are now ready 
for grinding in the brass tools. In this operation 
tlie lenses arc either treated singly or many at a 
time, according to the size and cjuality of tho work, 
'fhe lenses are fastened to the tool by means of 
pitch cement, the ])rocesa l)eing known as bluckin'/. 
To avoid rounding the edges of each lens it is 
customary to fill u]) the spaces between the glass 
discs with smaller pieces or rings of glass, a certain 
symmetrical arrangement l)eing ])reservnd to 
ensure even grinding. 1-umps of piteh are placed 
on the back of each disc, and the glasses pr(‘ssed 



position of the tools — but always keeping in mind 
the object of the grinding — to obtain a true syiherical 
figure, and to fit the tools exactly to each other. 

Although brass has been recommended as tho 
material for making tools, some workers prefer 
glass, the chief advantage being that emery docs not 
embed itself in the surface. Amat<*urs of an 
inventive turn of mind will have no difficulty in 
devising other means of shaping the grinding to(»ls. 
Passable moulds (^an be made in jjlaster of Paris by 
means of the gauges, and ly|K‘-metal is suffir ienlly 
liard for a home-made casting in a plaster mould. 

Preparing the Glass. Eor making an 
achromatic lens, two discs of glass are needed, one 
of flint and the other (jf crown glass. These are 
sold in ])airs, or can be cut out of ])latc glass (Hint 
for the convex lens) and crown glass (for tho 
concave lens) by means of a revolving iron hoop 
Huj)])licd W'ith sliar]) sand and w’ater. A y^air of 
” shankers,” a tool similar to scissors, and a tool 
knowm as a “ flonU,” made from a piece of a rasp, 
are also used for chij)ping ornib})ling the glass into 
8ha[)e. The molten glass is sometimes pressed into 
the approximate Hha])e to minimise work at this stage. 
The back of the ])iece of glass is then lioaped up w ith 
piteh, and the glass (,*cmented to a W'ooden handle f 11 j. 
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into y»osition by means of the cast-iron runner 
heated sufhoiently to melt the ])itch. Tho 8}>aces 
will now Ix^ filled up level with piteh to the Burfac(‘s 
of the lens. Th(‘ process of grinding now^ 1 e- 
giu'^. Emery moistened with water is placed on 
the glass and the tool is worked u])on it with a 
circular swinging stroke, the worker meantime 
gradually moving round the disc and also turning 
the tool around. From time to time the tool must 
be tried with its cojiipanion to see that it is not 
losing figure. Pi-om tlirce to six grades of emery 
are used in th(‘ gri/iding ])rocess, from coarsest to 
finest. Between each grade the lenses are carefully 
<ieaiied and care taken that there is no contamination 
with coarser emery. By examining the surface of 
tho lenst^s wuth a magnifier, the operator can judge 
of the yirogroRs of the grinding and detect any 
scratches. The wetted emery is spread by means 
of a t 4 )ol called a ” bruiser,” a jucoe of plate glass 
Kha))ed to the radius of tho tool. Excess of emery 
is wiped off the edges with a sponge. Very little 
emery is used. When the use of the finest emery is 
reached, and the lens is true to form, a uniform 
granular appearan<‘e will be i)resented by the glass. 
( 'arhorundum, a product of the electric furnace, is 
coming into use as an abrasive in lens grinding. 




Polishing. The next operation is polishing 
the lens face — that is, converting the milky 
apjiearance into a bright, transparent, structureless 
surface. The polisher is prepared by taking the 
iron shell made for the purpose, warming it, 
and coating ^ in. thick with pitch cement, pressing 
the ])itch to correct form by the corresimnding 
tool. The surface is now 
warmed till soft, covered 
with a piece of broadcloth 
cut to proper size, which is 
pressed into place by the 
counter grinding tool. The 
cloth adheres and takes the 
form of the softened pitch. 

Allow the polisher to get cold, 
then work into it j>iitty powder 
to fill u]> tlie ])ores of the cloth 
and leave a tirm, glazed sur- 
face. Now% on sprinkling a 
little water on the surface, the 
j)olisher is ready for use. It 
takes about two hours to 
Tolish a lens. In place of 
nroad cloth, silk or other fabric; 
or paper .‘s used for s]>ecial 
])urposeK, and iron oxide may 
take the place of putty powder. 

Hand polishing is il lust ate d 
in 18. During ]iolishing the 
pressure should be very 
moderate, or the lenses may 
.sink into the surface of the 
polishing tool and become 
rounded at the edges. Stress 
is laid on getting the ])olisher 
to liegin ])olishiiig in the c;entre of the tool and 
gradually extending the polish to the edge. A lens 
that begins to polish at the edges is generally 
slightly flattened — not truly spherical. , 

It will l>e understood that unlc^ss the other side 
of the lens is to bt^ left y)lane that the yn'oeesses 
above enumcTated, grinding 
and ymlishitig, must Ik* re- 
yieated on the secKJiid side. 

The concave lens needed for 
an achromat is ])rcy»ared in 
the same manner, except that 
the grinding surface is now 
convex. The convex tool, it 
should be noted, is always 
the low'er one when several 
glasses are oy)erated upon to- 
gether. 

Balsaming. The convex 
and concave Icmses are now’ 
cemented togetlier. The sur- 
faces fit each other if the 
lenses have been ground to 
the same curves. They are 
freed from all traces of yiitcli 
by means of turpentine, and 
when cyuite clean are warmed 
on a “hot-plate.” A clroy) or 
two of Canada balsam is let 
fall into the concave lens and 
the convex lens y)ressed uj)ou 
it until all air bubbles arc 
exy>elled. The lens is left on the hot-plate to bake 
for an honr, and allowed to cool, when the balsam 
will have become hard. 

Testing. The method of testing lenses to see 
that their optioal and geometrical centres corre- 
§i)ond is shown in 14. The lens is cemented to a 
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chuck upon one end of a hollow lathe mandrel. 
Near the opposite end there is a ground-glass surface 
and in front of the lens a large standard lens. 
Beyond this is a small vertical rod and lamp. These 
pieces of apparatus arc all in line with the axis of 
the mandrel, and an image of the rod is cast upon 
the ground -glass screen. If the image remains 
stationary while the lathe re- 
volves, the optical centre of 
the lens corresponds with the 
centre of rotation. If this is 
not so, the cement with W'hich 
the lens is attached is warmed 
Hufficicntly to allow the lens to 
be moved to the correct posi- 
tion. The edges of the lens' 
are finally trimmed to the 
correct form by holding a 
brass or iron surface charged 
w'ith emery or sand against 
the rajudly revolving lens. 
The curvatures of the surfaces 
of high-class lenses are tested 
by what are known as contact 
tjauges. TJie.se are y»ieces of 
very hard glass the exact 
eonnteryiart of the surface to 
be t<*sted. Wlien the two sur- 
faces are yilaccd together and 
reviewed by reHeck;d light, 
rainbow' or inkwfercnce colours 
are shown when the surfaces 
are exceedingly close together. 
Lens Mounting. For 
LENSES mounting or setting lenses for 

various oi)tical purposes the 
machines used in other branches of light en- 
gineering W’ork are recynired. such as lathes, 
milling machines, drilling machines, and presses. 
The lightness or heaviness of the design w'ill 
deyiend uyion whether the instrument is for com- 
nuTcial use or for delicate work that can be done 
«)nly by a skilled oyierator. It 
is obvious that in instruments 
re({ Hiring absolute rigidity the 
construetion should not be loo 
flimsy, but, on the other hand, 
excessive heaviness is an indi- 
< ation of bad design. Fantastic 
curves should be avoided, and 
the adjustments made as simy)le 
as yiossiblo. 

The tubes or cells in which 
lenses are mounted for tele- 
scoyies, microscopes, and yihoto- 
grayihic lenses are formed from 
sheet brass, although some of 
the newer alloys in which 
aluminium forms a constituent 
are coining into use w’ith ad- 
vantage as regards lightness 
and ineorrodibility. The sheet 
brass of the necessary size to 
torm the required tube has 
its edges straightened and 
brightened by tiling. The piece 
of brass is then rounded upon 
wood Viy means of a mallet till 
the edges are in eontnet. The edges are then 
joined by spelter soldering over a coke fire. The 
tube is then pickled in weak sulphuric acid and 
sand-scoured. Next it is submitted to a drawing 
process, by which it is elongated, stififoned, and 
brightened, the finishing being done on a brnsd- 
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(if apertures as being 


turner’s lathe with a series of special tools. The bras.s 
surfaces which arc on the outside of an instrument 
are lacquered, while internal parts arc blacked 
with either a chemical colouring or n mixture of 

vegetauR; 

The iris dia])ltragms fitted to photographic lenses 
and microscopes are made of eight to sixU'en thin 
semicircular segments of hard-rolled brass. The 
older pattern of diaphragm — a ])ie(*e of metal witJi 
a hole in the centre — requires no explanation, but 
it should be noted that the rapidity of the lens 
depends on the a]>orture or size of the diaphragm. 
The size of the diaplu-agm is cahnilated as a fraction 
of the focal length. i or 
example, a dia])hragm 

marked /4 means that its 
diameter is one-fourth of 
the focal length of tho 
lens, and all lenses having 
an a]K'rture one-fourih 

of their focus are assumed 
to be of equal rapidity. 

The Royal Photographic 
Society of Great Britain 
have standardised a series 
those most generallj’^ useful. 

Xelescopes. There arc two classes of telesco])es, 
rrfrncfin^ and rofectiufj. The refracting tel(‘scopes 

<hq»cnd on a system of lenses, the object glass 

forming the image and the eye-piece magnifying it, 
while in the reflecting telescopes the rays are re- 
flected on to a s}>eculum or polished mirror, inverted 
images being formed in lioth cases in the focus of 
tlie Jens or mirror. 

Refracting Telescopes. These are tlie 
olde.st form of telcsco]) 0 . In the sim]»Iest 
character they consist of an object glass of one 
lens and an eye-piece of one lens, but of shorter 
focus. The best lenses for telesco|>os are ground 
and polished by hand. The lens, if small, is held by 
eement to a handle, and the 
polishing is done upon silk or rSi \ 

with the pitch polisher. The I y I 

eye-piec'c of a telescope con- i 7\ 

sists of a compound lens — 
tliat is, two lenses placed at 
a distance from each other 
e«jual to half their focal hmgth. 

Tlie two lenses are 
usually ])lano ■ convex, 
with the convex faces 
towards the object glass. 

The larger lens, called 
the field f/lass, is innermost or 
nearest the object glass, and 
a diaphragm cutting off the 
marginal rays is usually ])laccd 
between them near the focus 
of the eye-lens, wlicre ihc 
image is formed. This eye- 
])iece is generally called ilie 
ve'jativc. eye-piece. The Rams- 
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den, or pr.ftitive, eyc-piecc has the lenses of nearly 
the same focal length, but the distance from each 
other is less than the focal distance of the lens 
nearest the eye. 'J'he fof'using of the telescope is 
effected by a rsu-k and pinion motjon acting on the 
tube which carries the eye-piece. 

Reflecting Telescopes. The advantage of 
this form of telescope is the great (plant ity of light 
which it collects. Faint nebuhe and stars, which 
are invisible to the observer with a refracting tele- 
8co]>e, can be detected by this ty|)e of telcseojie. 
The three forms of reflecting telescoiH's are 
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seen in 15. There arc, however, many variations. 
In the Newtonian telescope the real image i» 
formed by a concave mirror, and the reflected rays 
turned aside tlirough 90 by a plane reflecting sur- 
facf* Tho maimifvhifir eve-piece is at the side of the 
iiistrument. In the Gregorian lorm iru; roueuit^u 
are sent back along the axis of the instrument. These 
rays, or the central ])ortion, are allowed to pass 
tlirough a small central liok' in the concave mirror, 
and examined by the eye -piece on the other side of 
the mirror. The eye-piece is at the end. The 
Hcrschellian telescope has the concave mirror tilted 
slightly to one side. It will, without loss of light, 
due to th(} intervention 
of a second mirror, bring 
the real image towards 
one side of the tube, 
where it is examined by 
an eye-piece directed ob- 
liquely towards the mirror. 

Speculum Grind* 
in^. The difticulty in 
making the specula or 
mirrors for reflecting tele- 
scopes is to get a ]>erfect image, owing to the 
defect of s])herieHl alierration. On this account 
the tiolishing is directed towards attaining a 
parabolic form. Many of the operations of grm l- 
ing resemble those described in lens iiiakiii g. 

The Microscope. Microscopes are clan's h 1 
as (thttpfe and cothftoitud. I'o the former class 
belong the lens or combination of lenses such as the 
reading glass or ])ocket magnifier. The lenses are of 
the double (‘onvex type. A Coddington lens is such 
a lens, with a groove cut all round and filled in with 
black varnish so as to form a diaphragm. The 
Stanhojie lens is similar, except that the tw'o side's 
of the convex lens are unequally curved. The side 
with the most convexity is ])laccd next to tho eye. 
Aplanati.: magnifiers consist of a convex lens w'ith a 
thin concave lens on each 
side, by which ntoans colour 
is corrected and a flat field 
obtained up to the margin. 

The Compound Mi- 
croscope. This is a com- 
bination of lenses arranged 
so that the image formed 
by the objective lens is mag- 
nified by the eye piece, or 
ocular. The i^arts of a micro- 
scoi)e, in additioji to the lenscM 
just enumerated, wfill now" he 
given. Firstly, the foot, or 
base : this in Fnglish micro- 
seoi>ea is the tripod or pillar 
form. The liorseshoc form is 
always made on the Conti- 
nent, and has advantages 
w'hen the microscope is used 
other than in a vertical )>osi- 
tion. 1 he stage^ that portion 
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just beneath the objective, is provided with springs 
to hold the slide in jjosition. It is made of brass 
and may be faced with vulcanite. Tho aj^rtiire 
.should be sufliciently large to admit the linger. 
A refinement of the stage is the mechanic(d stage, 
which is ])rovided with arrangements for giving 
rectilinear movements horizontally and vertically. 
The stage is also sometimes graduated bo that the 
position of t)ic slide can be noted for future guidance. 


For some ))urposeH a rotary stage is 
w'hich njeans an object can be rotated 


)rovided, by 
to coincide 


accuirately witli the optic axis of the microsco|)e, 
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The mirror is carried on a square or circular tail-rod, 
and is designed to reflect light on the object. The 
mirror generally has two faces— one plane and the 
other concave. The sub-stage beneath the stage 
carries the condenser, which concentrates and focuses 
the light of the object. The sub-stage is provided 
with a focusing arrangement. The diaphragm is 
a means of moderating the light, so that it shall bear 
some ratio to the a|)ertures of the various objectives. 

The limb^ or piUar^ is the arm carrying the body 
tuhey into the lower end of which the objective is 
screwed. The limb carries the coarse, and fine ad- 
justments — rack and pinion methods of attaining an 
accurate focus. The size of the body tube varies 
from 0‘017.‘l in. to 1*41 in. The length of the English 
tube is 10 in., the Continental tube 0 in. to 7 in. 
The objectives are Kp<xually corrected for the various 
size tubes. The btxly tulx^ is made with a drav^- 
iahe to enable the smaller tubes to be extended. 
Birwcvlar microscopes have two eye- pieces, so that 
both eyes can be used at the microscope, a prism 
bt‘ing used for uniting the images. 

Microscope Lenses. These, being so small, 
have to be made singly. Tlie piece of glass is 
cemented on the end of a stick, and the roughing is 
done on a grindstone. The templates are small discs 
of steel turned in the lathe. The brass “ cups,” or 
tools, are charged with emery, and rapidly revolved 
on the lathe, the lens being formed by holding it 
against the surface. These tools are shown in 16. 
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The polishing is usually done with crocus mixed 
with beeswax. The lenses are stuck to the handle 
by means of shellac. The terms 1 in., in., etc., 
used to designate the focal power of objectives, re- 
present the approximate initial magnifying powers 
without eye-])iece at a distance of 10 in. from the 
back lens. As the relative size of object and image 
vary directly as their distance from the centre of the 
lens, it follows that the less the equivalent focal 
distance the greater is the size of the real image. 
Dry objectives are those which have air between 
tlie objective and cover glass. Immersion objectives 
have a liquid in place of air. This liquid may >k‘ 
water or cedar- wood oil. The adoption of Jena 
glass has brought forth a new’ series of microscopes 
in which many of the aberrations of older forms are 
quite overcome. 

The Oculars or Eye-pieces. The eye- 
piece most frequently used is the Huyghenian, or 
negative, eye-piece. It consists of two plano-convex 
lenses, botn with their ]>lane surfaces next the eye. 
The one nearest the eye is always half the focal 
length of the other, and the distance between 
the two lenses must be half the sum of their com- 
bined foci. The Ramsden, or j) 08 itive, eye-piece 
consists of two plano-convex lenses. The convex 
surfaces are placed towards each other, the foci 
of both being the same and the distance of the 
lenses from each other two- thirds the focal distance, 
of one lens. The Kellner eye-piece consists of a 
bi-con vex field lens, and an achromatic doublet 
meniscus for the eye lens. Compensating eye-pieces 
are specially constructed for use w’ith apoohromatio 
objectives, certain corrections being rectified by 
the eye-piece, which, for optical reasons, were left 
undone in the objective. The magnification of eye- 
pieces ranges from 4 to 15, 5 to (i being about the 


lowest that can l>e satisfactorily used on the short 
tube-length for which achromatic lenses are cor- 
rected. A projection eyc-piece. is one used for 
projecting the image formed by the objective on 
to a screen for demonstration purposes. 

R.M.S. Standards. The Royal Microscopical 
Society of London in 1857 introduced uniformity in 
screws for microscopic objectives. The specifications 
of this standard arc as follows : Whitworth thread — 
Pitch of screw, 30 to 1 in. ; length of thread on object 
glass, 0*125 in. ; plain fitting above thread of object 
glass, 0*15 in. long, to be about the size of the bottom 
of male thread ; length of thread of nose-piece 
not less than 0*125 in. : diameter of the object- 
glass screws at the bottom of the screw, 0*7020 in. ; 
diameter of the nose-piece screw at the bottom of the 
thread, 0*8 in. The Society sup])lied gauges and 
a master tap, or “ bob,” for cutting screw tools, 
but as the mechanical difficulties in the making 
of these taps were considerable, there grew up 
differences in the Society screws. In 1890 the 
Society again considered the question, and devised 
a method by which it can l)e kept to the standard. 
The new’ screw’ is almost exactly the same as the 
original standard., 

The diameter of the draw-tubes of microscopes 
has also been sLindardised by the Royal Micro- 
sco])ical Society as follows : 

No. 1, 0*9173 in., 23*3 millimetres. 

No. 2. 1*04 in., 20*410 millimetres. 

No. 3, 1*27 in., 32*258 millimetres. 

No. 4, 1*41 in., 35*814 millimetres. 

No. I is the size in general use on the Continent 
and in England for students' microsco]X‘s ; No. 2 
is the mean of the sizes in use by English makers; 
No. 3 is the new’ si/.e used for tlihe larger English 
instruments, especially binoculars. No. 4 is used in 
few English microscopes. 

Photographic Lenses. The simplest lens 
used in photography is know’n ns the spectacle 
letis. As it is non-achromatic, it ]>ossesses tlie defeci 
of chromatic aberration. When used for photo- 
graphic purposes, a correction has to be made after 
focusing, us the chemical focirs (that observed by 
the i»hotographic plate) is shorter — that is, lies 
nearer the lens than the visual focus. The cor- 
rection is one-fortieth of the focus of the lens. ,Such 
lenscM are now used only in hand -cameras of fixed 
focus. The method of correcting colour defect 
has been dealt with in the irianTifacture of lenses. 
These achromatic lenses are excellent for landscaf)e 
]>hotography, but are not suitable for architectural 
siibjects, ow’ing to the distortion of the marginal 
lines. This defect is got over by placing between 
tw’o single lenses a stop, or diaphragm, forming a 
‘* rapid aplanat ” lens, also known as rapid recti- 
Umar or symmctriccd lens. The lens includes 
an anglot on a cert.ain sized plato w’hich may vary 
from 45* to 90 ' ; if between 80 ’ and 90“^ the lens 
is known as a wide-angle lens. The component parts 
of the rapid rectilinear lens can obviously be used 
.separately with certain limitations. The “ portrait” 
lens has a front and back combination, the curves 
of W’hich have been .specially calculated to give free- 
dom from spherical al>erration and great rapidity. 
The area of sharpness is, however, restricted. Astig- 
mats arc a class of lens rendered possible by the 
introduction of now kinds of glass. With crowrn and 
flint glass achromatism could be corrected, but some 
of the kinds of spherical aberration (Von Seidel 
specifies five kinds), astigmatism and coma (defects 
which occur towar<ls the margin), and curvature of 
field (the lcn.s gives saucer-shaped or convex fields) 
could not be attacked. Mietho's astigmat and 
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Schrooder’s concentric lenses were the first in which 
the now Jena glasses were used. These were intro- 
duced in 1888, but have since l>een superseded 
by more modem anastigmats, such as Goerz’s 
double anaatigmat, computed by \on Hoegh. in 
which there are ten tenses and at least four different 
kinds of glass. Other similar lenses are the Zeiss 
convertible anastigmat, calculated by Rudolph, 
Voigfliinder's collinear lens, Steinheil’s orthostiginat, 
and Busch's aplanat. An English lens — the Cooke 
— has only three lenses, but perfect correction of 
the above named defects has been attained. The 
GHin lens, which works exceedingly rapidly, is con- 
structed to hold a reservoir of cedar oil between 
the front and back combination. It is used for 
photogra])hing in theatres. The telephotographic 
lens of Dallmey<'r is designed for obtaining large 
images of distant objects. It may be regarded as a 
eoinbinatioii of a telescojie with a pliotographic lens. 
The photographic com])onent is pln(!ed in front, and 
takes the form of a “ stigmatic lens. 

Lens Adjustment. The adjustment of the 
various lenses in their cells is a matter of great 
delicacy. The lenses arc first mounted in a trial 
mount so as to ]^ermit of an ap])roximation of the 
se])aration of the lenses. The ]K?rformance of the 
lens is tested on a watch dial nr other similar test 
object and the exact amount of si'paration deter- 
mined and marked for the final adjustment. A 
deviation of a small fraction of an inch is sufficient 
to affect the j)erfornianee of a lens, henc<‘ it will lie 
seen that time s]x*nt in the adjustment is well 
spent. Standard lens flanges have been devised by 
the Royal Photojxraphic Society, but have not been 
favourably received. 

Spectacle Manufacture. In making the 
lenses uscrl for spectacles a large number of })ieces 
of glass are cemented to the tool 
[ 17 ]. Emery is used for grinding, 
and a slow rotatory movement is 
given to the n])]>er tool by 
machinerv. The tool when charged 
is known as a form, and a 17 * SPECTACLE 
“ bench ” of forms is usually at- l-ENS URINDINC 
tended by one man. The sj»cctaeU*- 
maker often grinds sr)eciaj curvatures by hand. 
The finislied discs are cut to shape by shnnkers or 
a diamond. cutting machine constructed to yield 
elliptical figures 'fhe edges of the lenses are ground 
smooth and to the shay)C of the frames hy revolving 
emery wheels or grindstones, the lens being held 
between the finger and thumb. For rimless glasst^s 
a polish is imparted to the edges, while grooved 
edges for “invisible" frames arc obtfuned by 
revolving angular-edgcxi metal wheels. The tools 
used in munufaeturing eylindri(!al glasses are shown 
in 18 ; the motion given to them by the machine 
is backwards and forwards. 



18 CYLINDRICAL GRINDING TOOLS 


Thermometers. The temperature or hotne.ss 
of a body is measured by an instrument called a 
thermometer — a glass tube with a bull> on one end 
partially filled with mercury or alcohol. Alcohol is 
used because it cannot be solidified, except at a 
very low temperature, and mercury iKscause it boils 
only at a moderately high temperature. The mer- 
cury thermometer is most extensively used. A piece 
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of glass tubing of fine bore (capillary) is taken, and 
by means of heat a bulb is formed on one end ; the 
tube is then filled with mercury by dipping the 
open end into mercury, the end is saaled, and the 
tube is graduated to show the various temperatures. 

Manufacture of Thermometers. The 

thin glass tubing selected must be of a narrow and 
uniform bore. This can be ascertained by measuring 
a short column of mercury at different prdnts of the 
tube. A Indb, which may bo spherical, pear shaped, 
oval, cylindrical, or tubular, is then blown by 
strongly heating one end of the tube, and, having 
fixed an elastic ball to the other end, blowing in 
sufficient air to give the necessary expansion to 
the softened glass. The elongateti form is to l>e 
preferred, as it offers a large surface to the action 
of the air. The end bulb having been blown, a 
second is added a short distance from the other end, 
and wlien this has half cooled, the open end is 
dipped into pure, reoently distilled mereury, which 
gradually rises into the tube. In tliis way the 

lower bull) is 
gradually iille<l. 
The tube is next 
held by a wire, 
19 . THERMOMETER MAKING as shown in 19 , 

and heated over 

a furnace until all the air has been ex])clled by the 
boiling mereury. While the mercury is still hot, 
the o])en end of the tube is touched with sealing- 
wax. When quite cool, the mercury fills the lower 
tube and Imlb, The tube is then inclined, and 
the lower bulb heated to a teiuperafure liigher 
than the Ihermometer is intended to indicat(*. 
Some of the mereury is thus ex])plled, and as the 
mercury begins to retreat on cooling, the tube is 
hermetically sealed just Im*1ow the up])er bulb, 
which is ])ulled away. 'I'hc* fdled tube is then 
stored for some time or heated for several days 
to 50 or 100^ above the tcm]U'ratnrc it is intended 
to indicate, so a.s to season the glass. 

Graduating the Thermometer. The 

lube is next divided into a number of graduations 
depending upon the scale selected. The Fahrenheit 
scale is the oldest, and dates from 1724. Tt is used 
in Great Britain and the lTnite<l States. 'I’liis scale 
was primarily divided into 180^ ; zero wais placed 
at temperate ; the point to which the liquid ros(* 
W'hen placed under the arm of a healthy man was 
marked IK)'' : and the temperature of a mixture of 
ice and salt, then believed Ui be the greatest ])ossihle 
cold, was marked The scale w'as subsecpiently 

altered as follows : 0^ was the colrlest tcmf)eratuit*, 
and the space between this point and that rc])rc- 
stalling the warmth of the human body was divided 
into twenty-four degrees. Tlie freezing point of 
water was then 8*^, Imt as these long degrees were 
inconvenient, each was dividetl into four, and 8'‘ 
became 32° ; blood heat, 96°. A mei eurial ther- 
mometer thus graduattal registered 212° as the 
boiling ))oint of water. In 1730, Reaumur made 
alcohol thermometers with their zero at the freezing 
yioint of water, and the boiling ]x>int of water at 
80°. The eorresponding mercury thermometers 
were subsequently introduced, and are still used 
in some yiarts of the Continent. A centesimal scale 
was adopted by Celsius in 1742 ; the boiling point 
was marked 0°, and the freezing point of water 100°. 
The yioints wore subsequently reversed by Linnaais, 
and the scale is now known us Centigrade. Such a 
scale is used for scientific purposes and in many Con- 
tinental countries. A comyiarison of the Fahren- 
heit and CenfgrarJe sc des in given on page 15135. 
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The Freezing Point. Of the two fixed 
pointB needed on a thermometer the freezing xK)int 
IS first marked. The whole of the thermometer tube 
is placed vertically in a vessel of snow or molting 
ice. After about half an hour, the tube may be 
raised till the top of the mercury can be seen, 
which is marked with a file. Thermometers for use 
in very cold countries have a still lower point indi- 
cated, that of the freezing point of mercury. This 
temi>erature is obtained by mixing solid carbon 
dioxide and ether. 

The Boiling Point. This is the tem]X5rature 
of water boiling at normal pressure (7fi() mm.). 
To determine this, either Regnault’s apparatus or a 
long, narrow-necked flask is used. The former, which 
is preferable, consists of a cylindrical copper vessel 
with double sides, between which the vapotir of 
water circulates, there being no possibility of the 
exterior air reaching the thermometer. To ensure 
the regu iar escape of steam, a small manometer com- 
municates with the interior of the l>oi]er, to indicate 
the least pressure within. The whole of the mer- 
curial column must be exposed to the vapour of the 
rapidly boiling water, but, after a few minutes, it 
may be raised just above tin* cork, and its ]) 08 ition 
noted. As the boiling ]>oint of water de]^K‘nds upon 
the pressure of the atmosphere, the height of the 
barometer must be taken. If it sUinds at 7ti0 
mm., the temperature is KK)° C. ; if not, a calcula- 
tion will be necessary — 1° C. or r7l'^ F. must be 
added or subtracttnl for every 2(i*7 mm. above or 
below 7(K) mm. The interval between the two 
fixed points is then divided mechanically into the 
requisite degrees, according to the s(‘ale chosen. 

Verification. For common use, extreme 
accuracy is not called for in a thermometer, but if 
needed for accurate scientific work, the scale readings 
need checking. The jnethod is by (‘omparison with a 
thermometer of known accuracy. The freezing and 
boiling points of both thermometers should corre- 
S])ond, the readings being accurately determined 
through a lens. The standard thermometers arc 
made at the Kow Observatory of the Ployal Society, 
where elaboratt* ])recautions jue taken in the selec- 
tion and seasoning of the glass and graduation of the 
tube. The limits enforced at Kew' for thermomet^'rs 
are that all tliermomcters arc rejected when the 
largest error at any point is greater than F., or 
when a space of 10“ F. is more than 0 3 ' F. wrong. 

Various Thermometers. Instruments for 
measuring extremes of tem|)eratiu’e arc knowm as 
maximum and minimum thermometers [see page 
1/505]. The former is provided with a constriction 
just above the bulb, so that, although the mer- 
cury passes out easily, it cannot recede past the 
constriction. In other forms, a minute air bubble 
is left or a plug of porcelain is inserted just 
above the bulo. The expanding mercury passes 
the porcelain, but when once past, cannot re- 
turn. Minimum thermometers are usually spirit 
thermometers with an index in the stem. If the 
spirit contracts in consecjucnce of a fall of tempera- 
ture, it carries the index towards the bulb, but wdien, 
subsequently, a rise of temperature occurs, the spirit 
flows past the index, the latter being left in position 
to register the lowest temperature. These two 
thermometers can be combined as a maximum and 
minimum thermometer. One form consists of a 
U-tube with a bulb at each extremity; each arm 
of the tube is half filled with mercury ; one bulb 
and the remaining portion of the tube above the 
mercury is filled completely with alcohol ; the other 
bulb is only partially filled with this liquid. A steel 
index, prevented from falling by a hair tied round it, 
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moves on the surface of the mercury in the side 
tubes. Should a rise of temi)eraturo take place, the 
spirit in the full bulb expands, causing the mercury 
to push up the index in the other limb. The reverse 
occurs when a diminution of temperature takes jdace. 
The lower ends of the indices nearest the mercury 
indicate the maximum and minimum temperatures. 
Clinical thermometers are modified forms of the 
maximum thermometer with constriction above the 
bulb. An ojjcn scale is obtained by making the bore 
of the tube very narrow, and the optical proyjertics 
of the convex edge of the glass are utilised for the 
purpose of obtaining a magnified image of the 
exceedingly fine thread of mercury. The range of 
temj)eratiirc given in clinical thermometers is from 
90° F. and 110“ F., so that the length of the instru- 
ment is small. The sensitiveness of the ther- 
mometer is assured by making the bulb of special 
sha])c, but care must be taken that the glass is not 
so thin as to be elastic to pressure. Thermographs 
are self-registering thermometers. They consist of 
a curved metallic tube filled with spirit and her- 
metically sealed. The tube is firmly fixed at one end, 
and as changes of tem|K‘rature alter its curvature, 
they cause the free end, which is ccmuected to a jaai 
by multiplying levers, to move. Fire alarm thei- 
iiiometers are also made. In this form a thermo- 
meter is halaiicerl rai a knife-edge, a sliding band 
having previously been jfiaced at the tenn)erature 
which has not to be exceeded. When this tempera- 
ture is reached, the mercury overbalances the 
thermometer, and muses its upper end to make 
contact with the w ires of a battery ; a bell inune- 
diate rings to give the alarm. Instruments for 
measuring very high temperatures are known as 
pyromehrs. These depend on the expansion of a 
rod of metal or other solid substance, the dillerence 
in expansion of two solid substanees, or the coiling 
or uncoiling of a .s|)iral comyjosed of two or more 
metals rolled or welded together to form a ril)bon. 

Barometers. An instrument for measuring 
the atmosyfiieric pressure is ealltHl a bar. nu ter 
Isee page 1139], the most usual kind being that 
in which variations in the height of a column of 
mercury in a lube are noted. If a glass tube a 
yard long and a quarter of an inch diainctor is 
sealed at one end and filled with mercury and 
them inverted in a vessel of the same metal, the 
mercury in tlie tul)e sinks until it is about 30 in. 
above the surface of the liquid in the reservoir. 
This is knowm as Torricelli's experiment [see 
yiage 1139], and the observation that the variation 
of the height of the mercury dey)ends on the 
pressure of the atmosphere suggested the use of this 
fact for measuring and recording the changes in 
])rcssure. Pascal repeated Torricelli's experiment 
with water, the tube in this case being 50 ft. long. 
The atmos])hore was found to support a height of 
34 ft. of water, wdiich (corresponds to the height of 
the mercury when the difference between the weight 
of the two lityuids is taken into account. Water 
barometers have been constructed and found 
extremely accurate, but the disadvantages of such 
a long tube of water and its liability to (iamage by 
frost have prevented its use except as a curiosity. 

Types of Barometers. The main types 
are itiercury barometers and aneroid barometers. 
Of mercury barometers the chief kinds are (1) the 
siphon ; (2) the Fortin or cistern barometer [20] ; and 
(3) the Kew pattern. In addition to these in- 
struments intended for accurate observations there 
are the weather-glasses as originally suggested by 
Admiral Fitzroy, which are usually called whed 
barometers [see page 1140]. The aneroid barometer 

6120 



aOlINTIPIC IN8TRUMKNT8 


does not require the use of mercury. The 
variations of the ntiuospherie pressure act on a 
metal box which has been deprived of air and are 
communicated to a scale. We shall first deal 
with the construction of the mercury barometer. 

How to Make a Barometer. First of 
all a piece of tubing 42 in. long is taken: it should 
be of i in. bore or even sligJitly larger, and it is 
better not to use lead -glass tube as the mercury in 
time acts on the gla.ss and dims the interior. The 
tube is well cleaned first with sulphuric acid and 
water, then with several rinsings 
of water, and finally with alcohol. 

It is put to dry and carefully pro- 
tected from dust. One end of the 
tube is closed by beating it in a 
Bunsen flame, care In'ing taken 
to get a nicely rounded finish to 
the end of the tulx*. The edg<‘s 
of the ojH'n end should be rounded 
off by carefully heating in the 
flame. The next ste]) is to make 20. barometer 
a U-shaped bcmd 30 in. from the CISTERN 
sealed end. The glass must be 
heated gradually so that tlie diameter of the tube 
remains the same throughout the bend. This will 
leave a short limb of about 3 in. and a long tiil)e of 
36 in. The U-sha|ied bend should not be quite 
parallel: it is better to make a slight inclination, 
as this facilitates the introduction of the mercury 
at the subsequent stage. 

JEleferentie to page 1 130 will show the form of the 
tube, which is, after Ix'uding, fastened on thesu])port, 
a piece of hard wood 38 in. long, 3^ in. wide, and at 
least J in. thick. Various items, such as means for 
hanging up the board, will suggest them.selve.s to 
the worker, and there is no objection to bevelling 
the stand and rounding off tlie corners. The space 
where the mercury t\ii)e is to lie is hollowed out, 
and when it fits nicely in its place the tube i.s 
fastened there by brass clips. Along the tube 
is placed a sliding scale, wJiich next needs to be 
considered. This is best made of cherry-wood 
or mahogany and is 32 in. long, while in the upper 
and low'er part slits arc cut and through these 
brass .screw's with milled heads arc in.serted, the 
object being to allow' of sliding the scale upwards 
and downwards in a certain eonstrictod sphere. 
The scale, which is usually of ivory or one of its 
substitutes, is fastened near the top of the sliding 
scale just described. It is 4 in. long and divided 
into inches and tenths, the lowest inch mark being 
29, the next .30, and the u]q)er one 31. The scale 
is placed so that the 30 in. mark is exactly 30 in. 
from the bottom of the slide, which is furnished 
with a brass edge, the piir)H)se of which is to make 
easier the adjustments required when the barometer 
is read. 

Filling the Barometer Tube. The 

next step is to introduce the mercury, which 
should have previously licen purified by being 
squeezed through chamois leather. The tube is 
laid on its side with the short limb uppermost. 
The mercury is put into a glass flask and boiled 
to expel moi.sture and air ; then, when still hot, 
]K)ured little by little into the short limb of the 
tube through a glass funnel with L-8ha}>ed tube. 
By manipulating the tube the air in the tube is 
partly dislodged, and this is completed by corking 
the oi>en end and passing the tube gradually through 
a flame so as to Imil the mercury from end to end. 
The result is a perfectly bright tube of mercury free 
from air. The mercury is allowed to cool and the 
tube raised to the vertical iK>8ition — the closed end 



uppormost. The mercury will sink a little us in 
the Torricellian experiment, the excess of mercury 
running out of tlie short limb. Enough mercury 
is ex|H>lled from the short limb, by inserting the 
finger or a wooden plug, to leave 2 in. empt 5 ^ 
3"he bottom of the sliding scale is brought opposite 
to the top of the mercury in the short limb, and the 
height of the column — the atmospheric pressure — 
is show'n on the scale at the other end. A cover is 
fitted on the open end of the mercury. 


Wheel Barometers. Another variety of 
the siphon barometer is especially intended to 
indicate^ good or bad weather. This is managed 
by mcAns of a float on the top of the mercury in 
the short limb. A string attached to this float 
passes round a pulley and at the other end there 
is a weight somewhat lighter than the float. A 
needle fixed to the yiulley moves round a grad- 
uated circle on which is marked “ stormy,” “ rain,'* 
etc. Admiral Fitzroy, who wrote a much used 
treatise on the w'oather giv'es the following as the 
indications. When the mercury stands at : 

31 in. it indicates very dry weather 
30*5 „ settled fair ,, 

.30 „ fair 

20*5 „ changeable „ 

29 „ rain „ 

28*5 ,, much rain ,, 

28 ,, stormy 


The following directions are also nsiially given on 
one of this type of barometer; they were originally 
drawn up by Admiral Fitzroy : 


Rise 

for 

North 

NW— N-E 
Dry 
or 
less 
Wind 


Fall 

for 

South 
SK— S^W 
Wet 
or 

more 

Wind 


Except Wet from 
North 


Except Wet from 
North 


Long foretold, long last ; First rise after low 
Short notice, soon past. Foretells stronger blow*. 

It must be confessed, however, that the indica- 
tions of the wheel barometer are only approximate, 
as the height of the mercury de]iends on the height 
of the ])lace w'here the barometer is above the 
sea-level. The weather also depends on other 
circumstances than atmospheric pressure. A thermo- 
meter is usually fitted on the case of a barometer. 

Aneroid Barometers. The principle of 
the aneroid barometer has been explained on page 
1139. 3'ho illustration f21] will ne described in 
detail as it serves to explain 
the exact working of an 
aneroid. The outer case 
and the face of the in- 
strument are removed, but 
the hand is attached by 
its collet to the arbor. 
A is the corrugated box 
which has been exhausted 
21. ANEROID of air through the tube d. 

BAROMETER ft^d hermetically sealed by 
soldoring. B is a curved 
spring resting in gudgeons fixed on the frame- plate 
and attached to a socket behind F, in the top of the 
box. A lever, C, joined to the stout edge of the 
spring is connect^ by the bent lever at D with the 
chain E, the other end of which is coiled round and 
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fastened to the arbor F. As the box A is com- 
pressed by the weight of the atmosphere increasing, 
the spring B is tightened, the lever C depressed, 
and the chain E uncoiled from F, which is thereby 
turned so that the hand H moves to the right. In 
the meantime the spiral spring 0, coiled round F 
and fixed at one extremity to the framework and 
by the other to F, is (jompressed. When, therefore, 
the pressure decreases, A and B relax bj^ virtue of 
their elasticity ; K slackens, CjI unwinds, turning F, 
which carries H to the left. Near J is shown an 
iron pillar cast as part of the stock of the spring B. 
A screw works in this pillar through the bottom of 
the plate by means of which the s[)ring B may ho, 
adjusted to the box A so as to set the hand H to 
road on the scale according to the indications of a 
mercurial barometer, 

Barographs. These are self - r^^gistering 
barometers. The princi]»le of registration is either 
(1) ])hotographic ; (2) mechanical; (3) electrical; 
or (4) by balance. The ])hotographic method 
consists in moving a strip of sensitive paj)er at a 
given rate Ix'hind the top of the mercury column of 
a barometer. The mechanical method is by 
means of a float as in the wheel barometer, the 
motions being communicated to a ])en passing over 
a revolving drum of ruled paper. The electrical 
jnethod has one pole of a battery in eonhu-t with 
the mercury in a siphon barometer, and at fixed 
intervals of time the platinum contact point at 
the other pole of the battery is made to descend the 
oj>eu limb of the barometer until it comes into contact 
with the exposed mercury or a metallic float, when 
the circuit will be closed. The current caused by 
this closing of the circuit can he utilised in several 
ways to record the height of the mercury column. 
The balance method w'orks by gravity and is 
known as the skdyard barograph. "^rhe balance 
arm resting on the mercury is counterpoised, the 
differences or movements being recorded. The.se 
are for accurate determinations, Imt the barographs 
working on the aneroid princi])lc are the most 
])opular and are accurate if precautions are taken 
oc(;asionally to check the n*cords by a mercury 
barometer. The instruments ha\ e from two to six 
exhausted Ikjxcs couj»lcd up, and the combined 
motion of the vacuum boxes is communicated to 
a recording i>en by means of multiplying levers. 

Chemical Weather-glass. The chemical 
weather-glass or camphor barometer is a tube of 
a chemical solution which thickens or clears up 
according to the variations in the weather con- 
ditions. Glass tubes 10 in. long and } in. 
diameter are nearly filled with the following 
liquid : camphor, 2 dr. ; pottissium nitrate, 
4 dr. ; ammonium chloride, 4 dr. ; dissolved 
in absolute alcohol 2 oz., water 2 oz. The 
contents of the tube must be uniform when 
filled. The tube is fastened to a flat piece of wood 
in the same manner as a thernmmeler. This 
weather-glass should be exposed to the north, 
shaded from the sun. A good deal of the changes 
which take place in the liquid dey)end on the 
temperature, but that is not the only factor in 
affecting the chemical solution. I'he changes of 
the solution signify the following : 

Clear liquid^ bright weather. 

Crystals at hottom^ thick air, frost in winter. 

Dim liquids rain. 

Dim liquid trith small stars^ thunderstorms. 

Large flakes^ heavy air, overcast skv, snow in 
winter. 

Threads in upper portion of liquid^ windy weather. 


Small dots, damp weather, fog. 

Rising flakes which remain high, wind in upper 
air regions. 

Small stars, in winter on bright, sunny days, 
snow in one or two da^. 

Another form of chemical barometer consists 
of a figure wearing a dress saturated with a solution 
of cobalt chloride. In damp weather the dress 
changes to a pink ; in fine, dry weather to a blue. 
A piece of catgut on tension is also very sensitive 
to changes of moisture and this fact is taken 
otl vantage of in the weather indicator which consists 
of two little figures. One of the figures carries an 
umbrella, and, when the catgut is affected in a 
certain direction, this figure comes out of an aperture 
and indicates wet weather. When the catgut is 
twisted in the opposite direction a figure in summer 
attire appears from another ay>erture. The familiar 
changes in the feel of a ])iece of seaweed which is 
popularly used as a weather guide depends on the 
quantity of salt in the tissues of the seaweed. 

Measurement of Atmospheric Motion. 
'Phe direction of the wind is indicated by a 
wind vane or eomrrmn weathercock, while th(^ 
effect of the wind is shouii by anemometers, 
the pressure suction or power of rotation being 
made apparent. Of the various tyj)es of anemo- 
meter the most frequently used is that known 
as the Robinson, one ]>attern being shown in 22. 
Four hemiK])herical cups are mounted at the 
ends of two crossed arms 
su])ported horizontally on a 
spindle. When ex|) 0 sed to 
the wind the unequal pres- 
sure on the convex and 
concave surfaces of the cu])s 
causes the arms to rotate, 
and the number of revolu- 
tions is recorded by a simple 
counting apparatus. The 
dial is graduated to show the 
number of ft*et or miles of 
air which has passed. The 
diameter of the cups is from 
4 in. to 1) in. and the spindle 
22 ROBINSON rotates on ball bearings. 

ANEMOMETER Another ty]>P de])ends on 

the smdion which the air 
produces as it blows past an orifice, or the 
juessnre which i(. exerts when blowing into a 
tubular o]>ening which is tunied by a vane so as 
to be always facing the wind. These instruments 
are also made self-recording. 

Measurement of Aqueous Vapour. 

Absolute moisture in the air is measured by chemical 
means, or by determining the temperature of satura- 
tion known as the dew point. The instrument is 
called hygrometer. The wet bulb thermometer 

gives a rough indication of the humidity or dryness 
of the air. 'i’ho measurement of the rain is done 
in n rain gauge or pluviometer. To measure the 
fall of snow it is usual to reckon that a foot of 
snow e(|uals an inch of rain. Recording rain 
gauges are of two tyy>es. In one the rain collects 
in a bucket which tilts over each time it is filled, 
the numlx'r of tilts being recorded on a revolving 
drum. The other pattern depends on the emydoy- 
ment of a float which as it rises on the water 
records its motion on a revolving drum. An instru- 
ment which automatically records the direction of 
the wind, velocity of the wind, temperature of the 
air, pressure of the atmosphere, and rainfall is 
know'n as a meteor (.graph. 
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RESPIRATORY ILL-HEALTH 

Some Common Diseases of the Respiratory Org^ans. Their Causes and 
Symptoms. Nose and Throat Troubles. The Growth of Consumption 


By Dr. A. T. SCHOFIELD 


THE respiratory organs are peculiarly compli* 
^ eated, delicate, and sensitive in structure 
and function. Forced to inspire seventeen times 
a minute whatever air is next the mouth and 
nose, they aie the tirst to be affected by the 
endless impurities, poison, and bacteria with 
which the air swarms ; and very many of those 
respiratory affections that at one time were put 
dowTi to catching cold are now proved to be 
due to infectious germs inhaled in ordinary 
respiration. 

Causes of Respiratory Troubles. 

The climate of these islands, so capricious and 
variable, has, of course, a great deal to answer 
for in these diseases. 

Then, again, there arc the vagaries of fashion 
to consider. Disturbances, too, of the circulation 
in the lungs and mucous membrane of the air 
passage are very common owing to the complex 
nature of the blood supply to their parts. 

The delicate* lung tissue itself is peculiarly 
liable to degenerative changes ; the respiratory 
system as a whole is specially under nervous 
influence, so that a large number of its diseases 
are directly or indirectly of nervous origin. 

We may now pass on to consider some respira- 
tory diseases in detail. We will begin with the 
nose, and the respiratory trouble that 

may be referred to is not using it for inspiration. 
Breathing through the nose is a safeguard 
against many respiratory disease's. It warms, 
moistens, filters and perfectly purifies the air, 
so that it cannot injure the delicate lungs ; and 
yet by a strange perversity nearly one-third of 
the population, perhajis more, carmot habitually 
inspire through the nose, but take in all the air 
through the mouth, to the destiuction of the 
teeth, the drying of the tongue, and the 
swallowing of the disgusting dust with which 
town air is so often laden, to say nothing of 
the admission of this raw', dirty fluid direct to 
the lungs. There are, of course, in some cases 
obstacles to breathing through the nose, but in 
most people it is simply a bad habit. 

Diseases of the Nose. The most com- 
mon obstructions now'adays are adenoids, or 
growths at the back of the nose, reaching from 
tlie throat, that obstruct the passage of the 
air. They are common in school-children, and 
not only obstnict the breathing, but exercise 
a prejudicial effect on the mental development, 
making the child heavy and stupid. They 
should, therefore, be removed as soon as possible. 

Polypi in the nose are softer growths. Both 
cause the speech to be na.sal, and if large may 
induce deafness. The nose may also bo 
obstructed by a thickened or crooked septum 
between the two nostrils. This also requires 
operation. Bleeding from the nose, resulting 


from congestion and bursting of the small veins, 
is sometimes violent. It is seldom as dangerous 
as it looks, and is often a relief to the congested 
brain. 

The nose has a very sensitive mucous mem- 
brane and is liable to inflammation not only 
from catarrhs, of which we shall speak, but 
from special irritants, as in hay fever or hay 
rsthma. In this the mucous membrane of the 
nose is specially affected, but the eyes and 
throat often suffer as well. The general irritant 
is the pollen of grass and flowem. Thei’e is 
constant sneezing (Nature's effort to get rid of 
the irritant), running at the nose, cough and 
sore ciyes. The cure consists in stopping all 
irritation by living in towns or by the sea, and 
in a little cocaine solution on cotton wool being 
inserted in the nose. Bad cases require medical 
advice. 

Diseases of the Tongue. In the tongue 
W'e have several diseases. Glossitis is a rare 
inflammation of the tongue, but ulcers of the 
tongue are common and not very easy to heal. 
If they are small and not hard round the base 
they are not dangerous ; but if they are hard 
with a bad discharge a doctor shoula be seen at 
once. 

Cracked longue is very common in dyspepsia, 
and is troublesome to cure, though in all affec- 
tions of the mouth and tongue it must ever be 
remembered that the saliva itself has a very 
healing effect. Tlie mouth itself, apart from the 
tongue, may bo ulcerated, and the same im- 
portance attaches here to a hard base and a 
foul discharge which indicates medical treatment. 
In children small ulcers are common, caused 
by not cleansing the mouth* after feeding. A 
white coating to the tongue and mouth called 
“ thrush ” is also common from the same cause. 
The home treatment is to rub the tongue well 
w ith glycerine and borax. 

Throat Troubles. Sore throats are of 
great variety. They may arise from indiges- 
tion, colds, debility, infection, etc. We got 
pharyngitis, or inflammation of the back of the 
throat, in scarlet fever and from colds, and 
from much speaking; also laryngitis, or in- 
flammation of the larynx, which lies just in 
front of the gullet and may be acute or chronic. 
It arises from infection, colds, and over-use of 
the voice. There is in fever loss of voice, some 
difficulty in breathing and swallowing, with 
often a hard, brassy cough. When this occurs 
in children it is sometimes called false croup. 
True croup (so-called), with the formation of 
membrane, is really diphtheria. The danger, of 
course, in acute laryngitis is suffocation, and 
for this surgical interference by tracheotomy 
may be necessary. Chronic laryngitis often 
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accompanies consumption, and, in these cases, 
is tubercular in character. The simple form 
is the result of continual catarrhs or of voice 
strain. The variety common to public speakers, 
and very hard to cure, extending up into the 
pharynx, is called “Clergyman’s Sore Throat.” 
Mild laryngitis, acute or chronic, is relieved by 
inhaling a teaspoonful of Friar’s Balsam in half 
a pint of boiling water. 

Tonsilitia. Tonsilitis, or quinsy, is a painful 
affection of the mouth, mainly involving one or 
both tonsils. The inflammation is generally so 
severe that an abscess forms in the tonsils which 
is exceedingly painful until it bursts. It is 
caused by some poison or by cold, and is common 
in youth. There is fever, redness and swelling, 
pain in swallowing, and it generally takes from 
a week to a fortnight to run its course. Even 
when swallowing seems almost impossible a 
little warm milk can be trickled down, for the 
throat never really closes. Quinsy is much 
relieved by holding in the mouth hot water 
in which poppy heads have been steeped. All 
food taken should be very soft. 

'J'here may also be a chronic enlargement of the 
tonsils that calls for operation. This does not 
(consist, as is often thought, in removing the ton- 
sils, but in cutting a slice off the front of each, 
w'liich botli reduces the size, and, owing to the 
harder scar tissue that forms, renders them less 
liable to inflame. Occasionalhv a relaxed uvula 
lequires shortening, which can be done w'ithout 
pain with a pair of clean scissors. 

Aphonia, or loss of voice, is not only, as we 
have shown, a symptom of laryngitis, but 
may occur independently as the result of the 
paralysis of one of the vocal cords on w'hich 
phonation depends. 

Catarrh. We now' come to a larger class 
of diseases that involve more extended tracts 
of the respiratory passages. 

C’atarrh is the most common of all diseases 
afl’ecting the respiratoiy organs and the passages 
leading to them. It is an inflammation of the 
mucous membrane that lines all these tracts. If 
neglected it steals down the windpipe and pro- 
duces hoarseness and soreness of the chest ; if 
still neglected it may travel along the lungs 
and become bronchitis, and it may continue still 
further and become inflammation of the lungs, 
so that a neglected catarrh may in w^eak persons 
end in pneumonia. 

The causes are generally a mild specific germ 
that invades the air passages, coupled with a 
chill of some sort which lowers the resisting 
power. 

The symptoms are weakness, aching of head, 
pain across the forehead, running at nose, and 
perhaps eyes ; hoarseness, sore throat, furred 
tongue, slight rise of temperature, no appetite, 
and thirst. The mucous membrane is in a state 
of great irritation, and pours forth a copious 
liquid secretion at first, which, as the disease 
advances, gets scantier and thicker, the whole 
course of the disease, if it does not extend, 
being from ten days to a fortnight. It can be cut 
short by treatment in simple cases, which consists 
mainly in staying in a w^arm temperature of 


60° F. to 65° F. till it is cured. A little pare- 
goric elixir will stop excessive discharge. 

Bronchitis. Bronchitis is an inflamma- 
tion of the bronchial tubes of the lungs as distin- 
guished from the lung tissue inflammation, which 
is called pneumonia. Distinguishing broadly 
from leading pulmonary diseases one might say 
that pleurisy (properly, by analogy, pleuritis — 
“ itis ” signifies inflammation) is an inflam- 
mation of the outer covering of the lungs ; 
bronchitis, of the air-tubes of the lungs ; pneu- 
monia (properly pneumonitis), of the air cells of 
the lungs ; while phthisis is consumption of the 
air cells coupled with actual destru(;tion of the 
lung tissues, which does not take place in any 
of the other three cases. 

Bronchitis may well be divided into acute, 
chronic and capillary. Acute bronchitis is a some- 
what dangerous disorder owing to the tendency 
to spread to the cells and become broncho- 
pneumonia. There is always some fever, ranging 
to about 1 02° F. ; there is tightness of the chest 
and short breathing w'ith wheezing. There is a 
constant, troublesome cough, with some frothy 
mucous expectoration. The pulse becomes more 
rapid ; there is headache and a general feeling 
of weakness and illness. It is not common in old 
people. The cough in bronchitis is of the greatest 
value in clearing the lungs, and no attempt 
should be made to stop it. Sometimes there is 
but little exiKH'toration ; the chest is very tight, 
and the exjwctoration is dry ; in either case the 
air requires to l^c moistened W'ith steam from 
bronchitis kettles. 

One form of acute bronchitis is very dangerous, 
because it principally attacks the very smallest 
tubes leading to the air cells. It is called 
eapillaiy bronchitis. It attacks A’ery young 
children, wdio die very rapidly from sheer in- 
ability to breathe. In these cases the promptest 
measures are alone of any avail. It is readily 
distinguished by the bluish colour of the child, 
and its gasping and fighting for breath. 

Chronic Bronchitis. Chronic bronchitis 
is a common and distressing affection in this 
country owing to its constant recurrence in the 
autumn and winter of each year. In chronic 
bronchitis, or with bronchitis only, there is little 
or no rise of temperature, but a constant hacking 
cough, made worse on any exposure or change 
of temperature and often lasting for months, 
and no t^^ disappearing till the spring. If it be 
dry, and the expectoration scanty, it becomes 
more distressing, and may produce emphysema. 
This consists of the bursting, through strain, of 
the air cells, so that they form small cavities 
in the lungs full of air. In this disease, the 
result of chronic bronchitis, the breath becomes 
permanently short, and the condition remains 
even when the bronchitis is gone, from which 
the lung does not got destroyed. On the other 
hand there is no restoration of the cells, so that 
the lungs get overfull of air and over expanded. 
Such people cannot run or even walk fast. This 
condition once established persists through life. 

The miseries connected with chronic bron- 
chitis are so many that it is a great pity to let 
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it get firmly established ; when any lorm of 
bronchitis attacks a person, every effort should 
be taken to cure it as quk^kly as possible lest it 
extend or become chronic. In all these varieties 
of bronchitis a doctor must be seen. 

Pneumonia. Pneumonia is of two distinct 
varieties — lobar pneumonia, which is a distinct 
disease, due to a specific germ, and broncho- 
pneumonia, which generally arises from an ex- 
tension of bronchitis to the air cells of the lung. 

Lobar pneumonia generally attacks one lung, 
the right twice as often as the left, and the lower 
lobes more frequently than the upper, whereas 
consumption almost invariably attacks the upiKU* 
Jobe first. It has a definite cause, and begins 
quite suddenly like one of the infectious fevers. 
There is a sudden rise of t^mj)craturc to 103^ F. 
or more. There is little or no cough or expectora- 
tion, but the breathing is hurried, and the face 
flushed. The whole lung is congested, and but 
little air reaches the affected lobe or j)erhaps the* 
whole side. Simple congestion resembles this 
pneumonia except that there is no fever. The 
breathing becomes increasingly difficult until 
the cough begins ; with this there is a little 
scanty expectoration of a rusty colour. It is 
tinged with blood, which gets more copious as the 
cough increases. On the tenth day, or thereabouts, 
a change generally takes place for the l>etter; 
the temperature falls, and the disease gradually 
abates till in a fortnight or three weeks the 
patient’s lung is comparatively well again (there 
being no distinction of tissue in this disease), 
though the patient remains very weak for weeks 
after. This disease docs not spring from bron- 
chitis, nor does it tend to return like it, nor 
does it continue indefinitely. 

Broncho -pneumonia differs in all respt^cts from 
lobar pneumonia. It generally invades both 
lungs and extends gradually. It is nearly always 
prcx*eded by bronchitis, and is common among 
children, it runs no certain course, and may 
continue a long time, and even become chronic. 
It is more liable to recur than lobar pneumonia. 

Pleurisy. Pleurisy is constantly associated 
with pneumonia, through the inflammation 
extending through the lung wall to the mem- 
brane covering it, but it often arises alone. 
Between the lung and the (diest wall is a double 
bag on each side called the pleura, containing 
a small quantity of fluid, so that one surface 
slides on the other and thus forms a sort of joint 
as the lung moves. If this membrane gets 
inflamed the two layers tend to stick together, 
and when the lung moves a sharp pain or 

stitch ” is felt at the spot, which is very sig- 
nificant of pleurisy. If the inflammation con- 
tinues a quantity of fluid is poured out into this 
closed bag and may amount to several pints, 
which is generally drawn off by tapping it through 
the chest wall, as otherwise it takes such a very 
long time to absorb. 

Sometimes a sharp pain is felt in the ribs that 
is very like pleurisy, which is only neuralgia of 
one of the veins that run round the ribs to the 
breast-bone, and is caUed pleurodynia.” 


Asthma. Astlima is a distt^^ssing disease 
which consists of spasmodic contractions of the 
bronchial tubes for central nervous causes. Fits 
of asthma commonly occur in the night, when the 
patient is suddenly aroused from sleeping, and 
a feeling of suffocation ensues. He is obliged to 
spring out of bed and rush to the window for 
more air. The eyes arc staring, and the patient 
feels that he is dying, although asthmatic patients 
are long lived. The frequen(‘-y and violence of 
the attacks depend a good deal on where tJie 
patient lives. The disease is often distressing 
in clear country air, and disappears in a smoky 
town. A change to the other side of the street 
even may cause it to disappear. Between the 
attacks the lungs are healthy and the patient 
well. When the disease has lasted a long time 
the patient gets high shoulders from a forced 
effort at respiration. It is often hereditary, and 
may last for years. 

Phthisis. We now come to phthisis, that 
dread disease that alone destroys the lung it 
attacks. This is the most dreadful and fatal 
disease in this country. Its ravages are still 
terrible ; over 50,0(K) young people die of it 
annually. It advane(‘s in the patient with noise- 
less tread, and deceives him with hopes of re- 
covery to the last day of his life. It kills by inchc.s. 

Tlie seed, through which alone consumption 
is propagated, is a liny micro-organism called 
the bacillus tuberculosis. It is a small fungus like 
a rod ; (>00,000,000 can lie on one square inch, 
and, if placed in a continuous line, would extend 
ten miles. They multiply at the rate of 1 ,0(X),0(X) 
an hour. They are coughed up in countless 
myriads and exj>eetorated, and as they dry, 
are blown about to infect all around who are 
susceptible. 

Consumption is now l>eing most vigorously 
combated, and may be made a notiflahh^ disease. 
VW have already given full information respecting 
its ravages in different countries in the section 
on Health [page 5409 j, under the head of 
Endemics, and will only add a few partieailars 
.•'.bout its cause. 

It nearly always Ijegins at the tops of the lungs, 
and there can be no doubt that the exposure of 
the neck, and, above all, the way in which it is 
sometimes overheated with furs and at other 
times left bare, greatly weakens the resisting 
power of this part. 

The left side is that most commonly attacked. 
The temperature is never steady, but goes up at 
night, and falls in the morning. The expectora- 
tion and cough is frequent. Emaciation rapidly 
sets in as soon as the lung bc^gins to break down. 
Cavities are formed, sometimes taking the place 
of an entire lobe. In this connection, however, 
the greatest exaggeration prevails, and patients 
are said to have “ lost a lung ” when oi^ a few 
inches of tissue liave been destroyed. Tlie ten- 
dency of the disease is to spread until death 
ensues from exhaustion. The spirits, however, 
keep up to the last, and the patient is seldom 
gloomy or downcast, while the hectic flush on 
the cheek gives a deceptive appearance of health. 


Continued 



CARVING IN RELIEF 

Group 2 

CARVING 

The Most Interesting; Form of Wood-carvingf. The Sweep Strokes. 

3 

Hovr Relief Carving is “ Faked.” Intaglio and Perforated Work. Foliage 

Contliin«!d from 

Itagtt (lUKi 


By F. WELLESLEY KENDLE 


Y{7E now come to the most interesting of all 
^ styles of wood -carving, which consists of 
rounding doA\Ti the surface to make it look like 
a natural object, whether a leaf, an animal, ora 
landscape. 

A Panel in Relief. Set out the panel on 
white d(‘al [52]. Firm the outline as usual, 
(ilround out and com])lete the lozenges and 
ribbons. Sink the grooves BBB between the 
leaves to their full depth with a V tool. Lean- 
ing the tool first to one side and then the other, 
lough out the curved surfaces. With a Hattish 
gouge model it still more perfectly, furnishing 
(‘ach leaf with a double convex contour, working 
all the margins to n(‘arly ground level and letting 
each blend at its root with its fellows. It is 
better not to attempt to smooth tlie work 
])ieeemeal at this stage, rather strive to get the 
general elfect as a whole ; then, and not till then, 
add the finishing touches witli goug<*s that more 
nearly fit the curves. 

Now chip down the N.E., N.W., S.E., and S.W. 
eorm^rs of the balls C’CF (if we may apply the 
term corner to a circular figure) ; next, with the 
concave surface of a flattish gouge lower the 
wood N and S nearly to ground level ; with a tool 
whose radius 
is nearly n.s 
c|uick as the 
circumference 
of the ball, 
round it off 
with a series 
of sweeping 
strokes, never 
making them 
quitt^ in the 
direction of 
the grain, but 
with a for- 
ward, gliding, 
rotating and ever downw ard movement of the 
tool, so that the butt of the handle describes 
an upward spiral sweep. 

The Carver’s Freehand Stroke. It 
is impossible to devote too much time to the 
acquisition of this particular stroke, wdiieh is 
to the carver what freehand is to the artist. An 
adopt will produce excellent effects with a 
turn or two of the wrist, while the amateur will 
flounder about trying to round off a figure by 
nibbling away at it with straight, pushing cuts ; 
added to this its employment reduces the 
troubles caused by grain to a minimum. 

Having studied the effects of the sw^eep stroke 
made with the concave surface of the tool, the 
reverse must be practised. Again a remarkably 
bold design is selected [54], The general 


50. SWEEP STROKE, FIRST POSITION 


moulding is too well indicated to require 
any explanation ; it need only be said that 
the original fifteenth century font from which 
it is taken is only carved to the depth of 
about I in., the delusive appearance of solidity 
being suggested by broad bevels, and slight 
undercuts. 

The Reverse Freehand Stroke. 

Firm the outline and ground out as usual. 
Bough out the twisted leaf. Take a gouge with 
an arc corresponding to the curvature of the leaf 
and not more than J in. wide. Ix't the back of 
the tool rest nearly fiat at A, A* [50J. Sweep it 
onwards with a double curve that leaves the handle 
})erpendicular and the blade at right angles to 
its first position by the time it reaches B, B’ [51 J. 
Bo this with a continually gliding cut, so that 
whereas at the portion of tht^ edge nearest 
the carver had most of the cutting to do, by 
the time it has reached B’ it is practically 
free, and the other end of the blade is making 
the final d(nvnright cut. If too ({uick a gouge 
b.‘ used an awkward looking notch is left at 
the tail of the stroke : if too flat a one, it will 
probably hitch in the wood half way through 
the sweep. If the gouge be too small, the 

man (eu vro 
will have to 
be repeated 
once or twice ; 
if it bo too 
a r g e , the 
feat is almost 
impossible. 

Round the 
outside of the 
turnovers. 
Leave the 
edges of the 

51. SWEEP STROKE, SECO.^D POSITION Vi' 

eeptatCLfJC, 

where they must l)e lowered almost to ground 
level. The noU^hes are cut with gouges held 
on the^ilant, bevelling one side and undercutting 
the other. Model the weavings of the leaves 
Avith gouges, noting particularly the rich double 
wTinklo at DD. Round off the balls, hollow 
their sockets, and complete by carving the 
bosses around them, and adding the veins 
with a V tool. 

So all-important are these sw^eep strokes that 
a second example has been figured Avith more 
numerous but smaller turnovers [53]. 

Knowledge of Clay Modelling and 
Shading. Should doubts arise os to how 
a subject should be treated, model it first in 
clay or plasticine. If this be done now it wdll 
be noticed that many of the folds in the copy are 
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out of drawing. This is a common fault, for the 
carver is not always a first-class artist, and the 
medium ho works in is not the most tractable. 
So useful arc models at this stage that a course 
of modelling in clay should invariably precede 
that of carving in wood : the student should also 

l>e able to convert an 

outline drawing into a -V 

shaded study (see Art, P-Wi 

page 1217, and Draw- ' ‘'i ; i J 

ING, page 1533]. 

The More Com- ‘ X> 

plicated Designs. 

Having learned to vein, 

flute, firm, ground, slope, \ 

round, and turnover, the j 

execution of more com- 52. Jacobean 

plicated designs, such as 

are shown in [56], is simply a matter of com- 
bining these several methods. If a man can carve 
a single leaf or petal, he can, with patience, 
execute an entire flower. He should seize every 
opportunity to visit work- 
shops, and watch 
^ how the 


52. JACOBEAN RELIEF CARVING 


particulars will be found in ‘‘ Sculpture sur Bois,” 
one of the Encydop^h-Eoret series. 

Mouldings and Friexes. For mould- 
ings and friezes the pattern is generaUy a repeat, 
and may run cither vertically or horizontally. 
An easy example [65] of the former, taken from 

the same source as 45, 46, 

. ^7, 53, and 62, is given. 

The shaded portion shows 
the section. Run out a 
^ strip of oak with the 

moulding plane. Stencil 

./?\^ Tj pattern on the wood. 

Os — firming the outline, 
the tool should always 
^ 1)© pointed at the centre 

.ELiEF CARVING of the circle of which 

the face of the moulding 
hapj)ens to be the arc ; by this means a clean edge 
throwing a pleasant shadow is ensured. At the 
extremitii's of the chord, A A, let the ground die 
away to the level of the surface. Vein with V or 
rtuter. Drill the small holes with a very quick 
gouge as sho\m in 33 [page (>0431. Saw down at 
CC to tile level shown in the section at BIJ, with 
a Key’s saw ; round the balls and the ends of 





53 AND 64, CARVING FROM FIFTEENTH CENTURY FONT (PILTON) 

SHOWING REVERSE FREEHAND STROKE WORK 

trick is done ; he will learn more in half an hour the bolsters as described. 





by so doing than in half a lifetime from manuals. When cutting mouldings to occupy a horizontal 
Modern Fakes. Relief carving nowadays position, this fact must lie remembered when the 

is frequently “ faked ” by gluing a fret of the work is on the bench. Take, for example, the 
design to the panel, and rounding familiar “egg and tongue.” The sink- 

off afterwards. This saves all the | ing cuts, which are necessary to free 

trouble of laboriously reducing a ; (Jj\NA //A J wood scooped from the hollow in 

large portion of the surface to| which the egg lies, must l>e parallel 

ground level. A more legitimate vvS^ ^ horizon, and each upward 

application of this was the prac- ^\\rVx< sweep must meet it at right angles, 

tico of augmenting the effective- j/a^^ Flutings of pillars and pilasters 

ness of a simple panel by adding a carved with gouges, though 

boss or mask, such as may be seen easier to run them out with 

in the panelled room from Exeter, j . jIi AJ ii^oulding plane, or a travelling 6wr, 

now in the darkest comer of South K o /) leaving the carving tool nothing to 

Kensington Museum. Much of the | ‘ hut to trim up the extremities of 

work executed by Grinling Gibbons's each. Sjurals, which were formerly 

pupils and imitators wtis not true j I carved with gouges from start to 

carving but applique. Many of the i ' finish, are now simply turned on a 

elaborate Devonian mantel {)ieces, | I 

decorated with flowers and drooping ! xA\\ w // ^ symmetrical tM'ist may bo easily 
sprays, have had each leaf, stem and A (c . ^ ^ yj obtained by winding a strip of 

flower carved separately, glued into Vv^l x paper, down the centre of which a 

position, touched up with putty, and [//c^ drawn, round the post 

finished off with paint. The French ^ carved, and marking the wood 

brought this style to great perfection, edges. Sink a furrow along 

and adopted sculpture a la scie for — this line with a V, keeping it on an 

the reduplication ad infinitum of 56. Jacobean panel oven keel, and always at the same 
floral wreaths and garlands. Further moulding inclination to the axis of the cylinder. 



66 . PANEL IN RELIEF CARVING FROM A SIXTEENTH CENTURY ITAUAN >LVRRIAGE COFFER 

It is most important that this groove should be in reiUity it is nothing more than panels in relief 

the same depth throughout if the post is of the carved on both sides. To minimise labour and 

same thickness all the way up, or ta}3er gradually to prepare the block, it is useful to take a profile 

should it do likewise. Rough out the curves \%ith of the copy with a strip of lead or malleable zinc. 

Hat gouges from the bottom of the furrow to the Apply this to the wood, and pencil the outline, 

central line on the juiper. Smooth with a gouge Take the opposite profile and transfer as before ; 

that is just a shade flatter than the curve of the then treat the sides similarly, 
spiral ; this will give mt)re play, and is less likely Carving in the Round. Remove with the 
to get hitched than one which fits exactly. saw as much of the waste wcmxI as possible. Next 

Intaglio WorK. Still another method of whittle away superfluous material with mallet 

ornamentation is deep, intaglio or die sinking. and gouge, proving pi ogress with the metal guide 

This is the exact reverse of relief carving, for the or with callipers. Should any detail cause anxiety, 

surhice remains plain and the pattern is sunk. model it over and over again, or w'ork it out 

It is Cjuite easy for any one who has been accus- on a soft piece of wood ; it is better to devote 

tomed to relief work. The main features of the a few minutes to this than to waste the labour 

design arc scooped out with lient gouges, details of weeks by perpetrating an irremediable error, 

are added with quicker tools, and veins added Take off too little rather than too much ; 

hist of all. It is of great assistance to the carver suj)erfluous wood can be removed, but additions 

if he takes a squet^ze of his work in plasticine from are not so easy. 

time to time, in order to judge of the general If he should be nervous about starting — and 
effect. By disarranging the lighting, and causing most novices are — let him begin on some 

shadows to fall in a contrary direction, a casual ridiculously easy task, such as sharpening a 

glance will receive the false idea of relief. pencil very neatly or carving animals such as 

The Value of Keeping Records. those in a Noah's Ark. Afterwards he may try 

Whenever possible, copies should be taken of ^ P^'PP.V l^ead ornament, which he will find to 

good work. Putting on one side the obvious be nothing but two .studies of foliage in high 

metluKls of sketching and photography, this may relief placed back to back. The human figure 

Ix' done with a “ squeeze.’' Oil the panel well, and drapery are the most advanced style of all, 

protH^ed to cover it with sheets of very wet paper, JR^t a.s is the case uith relief, but the .student will 

pressing them thoroughly into eveiy crevice ; iidd l|nd it far etisier to hack out a head, or other 

layer upon layer of coarse brown paper soaked in figure work, in high relief than in low relief, 
size or very thin glue. Squeeze out all 8U]jerfluou8 Tracery and Perforated WorR. Tra- 
moisture. Leave in position to set sufficiently ceiy and perforated work is an advance upon 

well to permit of removal without danger. fret cutting. The ground is entirely removed, 

When this is dry, plaster of Paris casts can l>e leaving lights. It presents no difficulties to the 

t)btained from it, or others having the apj)ear- gtx)d wood-carver ; but it does not pay him 

ance of wood itself, by using a mixture of equal nowadays to execute it. M(xlern machinery 

parts by weight of gelatine, wood sawdust, with its lathes, planes, bits and burs, can rip 

and phosphate of lime, moistened sufficiently out tracery mouldings in a hundredth part of the 

to make into a stiff paste. time in which an expert workman 

Leather well soaked in hot water carve it. So with panel re- 

may be used, or a lump of soap, duplication by mechanical means, 

clay, or putty. Flat carvings may wonderful to watch a species 

be “ rubbed ” with heel ball or ^ of glorified pantograph, armed 

black lead. This procedure is 57 acanthus leaf design revolving bur, copy the 

ina^licable to relief ; still, a very design v/ith haiSly any manual 

good general idea of a panel can be obtained by assistance ; but it is not wood-carving, and its 
the aid of a newspaper and a rather greasy rag. servile imitation destroys half its charm. 

Press the paper down on the pattern, gently Foliage. Veins of leaves are frequently 
moulding it as much as possible with the fingers ; carved in relief instead of being sunk with a 
on going over it with the greasy rag the printing ink V tool or fluter. Twin furrows are run along with 

will be smudged most wherever the relief is highest. a V, leaving a medium ridge; the surface is 

Work in the round is erroneously believed to worked down to the foot of this, which is trimmed 
be the most difficult of all styles to accomplish ; to shape, tapered at ite extremity, neatly joined 
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at its branchings, and made to die away into the 
leaf stalk. The macaroni is a handy tool for this 
work, though it cannot l)e used close to a junction. 

Though the flora of the wcKxl-carver often bears 
but slight resemblance to that of the botanist, 
there are certain well-defined points common to 
each. Thus, veins, though showing as depressions 
on the upper surface of a leaf, appear as ridges 
below ; remember this when treating a turnover. 
Noting the general characteristics of a plant, 
the student will the better appreciate the skill 
with which the mediceval artist selected and 
treated his subjects, and will see why it was that 
the lily, vine, thistle, oak, passion flower, poppy, 
dandelion, rose, and, above all, the acanthus [67] 
were sueli universal favourites, and why the 
coarse and perishable nature of his material 
led him to limit his eflorts to purely decorative 
adaptations. 

The Vine and the Rose. Tlie vine, not 
only because of its adaptability for ornamental 
puq>oses, but also because its religious ayml)oIism, 
was constantly utilised in ecclesiastical architec- 


plicity of outline is now broken by subdividing 
each leaf into a number of lobes, the junction 
of each with its fellow being marked by an 
“eye.” Each lobe in turn is deeply serrated. 
A vein runs down the centre of each lobe and 
pipings start from every eye, all losing them- 
selves at a common point. Whether viewed in 
full or in profile its main lines arc always the 
same, never parallel, never crossing, but each 
a graceful curve radiating from a common 
point and strictly subservient to an outline of 
the greatest beauty and simplicity. 

Finishing and Ageing. It cannot be 
impressed too strongly upon the novice that 
sandpapering carved work to make it look 
simM>th is an unpardonable crime ; a few 
touches with the scraper or rubbing do^^^l with 
a bone are bad enough, but “ paj>ering ” is the 
rankest of all heresies. There is nothing to be 
lishamed of in tool-marks, for at lea.st they show 
the work is genuine hand-wrought stuff. 

To keep the carvings clean light woods may be 
given a thin coat or two of “ egg-slu'll ” varnish ; 


ture. The carver treated it in two distinct ways. 
Sometimes the leaf was inscril>ed within the 
limits of a .symmetrical pentagon, its four eyes 
and the point of junction with the leaf .stalk 
l)eing arranged at the c’orners of a similarly 
shaped but inverted figure. At other times the 
leaf was placed within the area 
of a square or lozenge, as may oq 
be often noticed on the fricze.s 
and crochets of late (j}()tlu<’ ^ 

work [68]. The thistle and C 

dandelion are adapted to follow p ^ 

the lines of acute angled tri- 
angles. Both are invaluable 
for filling in (xld comers of gg 
traceo-. ' 

Ivy falls within the lines 
of a pentagon, and occasionally those of an 
isosceles triangle. 

The rose is conventionally depicted as a sym- 


68. VINE CARVING (ATHERINGTON 
CHURCH, N. DEVON) 


oak and chestnut should lx‘ treated to a soaking 
in boiled linseed (ul, followed by pl(*nty of 
elbow-grease,'’ using a stiff brush, lieeswax 
and turpentine should be avoided ; th(‘y clog 
the corners of the work and destroy its sharpm‘ss. 
Most other hard wtxkIm may l>e French polished. 

It is freqiHuitly necessary to 
stain new wood in order to 
V make it match older work. 

^ Apple, pear, and box can lu? 

aged with a weak infusion of 
saffron ; lime, cUsh, kauri and 
. white wood with turmeric or a 
solution of chloride of tin ; 

I (ATHEBi.vr.TON "‘‘1' Kiazil-woofl 

slowly darkened 
' with a 2 ]K»r cent, solution of 

bichromate of potash to whii^h I percent, of dilute 
nitric acid has been added. The ])rocess taki*s a 
few months, hut the tone gained is particularly 


metrical five-petal led flower, each petal furnished 
with a fold-over having a bracket -.shaped edge. 
A common sixteenth century ornament was the 
Tudor rose, the union of the Houses of York 
and Lancaster being symbol i.sed by the exhibition 
of both flowers in one boss, one superimposed 
upon the other, their petals alternating. 

The Oak Leaf. Perhaps no other leaf had 
so many liberties taken with it by German 
(*arvers as the oak ; they more than con- 
ventionalised it, they exaggerated, elongated, 
stunted, twisted, and folded it, till it became 
almost unrecognisable. They left it with widely 
indented margin, rectangular lobes, rugged and 
misshapen, stunted, gnarled, and bent like its 
parent tree and yet effective and picturesque. 

The acanthus [57] is a characteristic feature 
of renaissance design ; at first sight it appears a 
difficult and complicated subjec^t, but on dis- 
secting its structure it is found to be contained 
ii^ithin the limits of two concavo-convex lines, 
which start from a common point, separate 
gracefully, and finally coalesce, the leaf belly- 
ing and swelling between them. This sim- 


rich and warm. Veining and figure work can ho 
brought into strong relief by treating first with 
a weak decoction of madder, and, when this is 
dry, painting with a solution of aeetate of lead. 

Blue-black is attained by a decoction of oak 
galls followed by a solution of green vitrol ; jet 
black by a decoction of oak bark and then per- 
chloride of iron ; purple-black l>y logwo(xl ; 
hrown-bla(ik by madder and acetate of cojiper. 

Fuming. Oak, and other woods in a smaller 
degree, can be darkened very rapidly by exposing 
them, in an airtight box or cupboard, to the fumes 
of ammonia ; but the weaker the dose and the 
longer the time allowed, the better the result. 
Storage for several years in a badly vontilabjd 
stable loft imparts a tone that cannot be equalled 
by any other method. 

Wood-carvings may be preserved from the 
ravages of worm and rot by fumigating with 
calomel, formalin, or corrosive sublimate, by 
dressing with a solution of alum or of water 
glass, or, best of all, by impregnating the panid 
with hard paraffin under heavy pressure at a 
temperature of about 180'^ P. 


Continued 
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LINK MOTIONS OF ENGINE VALVES ™ 

luOY£KS 


Action of the Link and its Imperfections. 
Zeuner’s Diagrams. Their Value and Application 
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By JOSEPH 

'T'HE method of operation of the slide valve 
* illustrated on T)a;;e 5642 is of a siinyde and 
e mentary kind. No large, high-class engines have 
such a simple arrangement. But it is necessary 
to understand the jirinciplcs, l^ecause the more 
or less intricate valve gears embody the ele- 
mentary cycle of operations. The most familiar 
mollifications are the various link motions, of which 
there are about half a dozen good and well-tried 
ty])es. In England the Stephenson is the best 
known, but on the f'ontinent the Walschaert is more 
common. The elements of the link motion may 
be studied in the Steyihenson. 

The link — the central feature — is a curved piece, 
the function of which is to bring about variations 
in the relations of the eccentrics to the slide valve. 
Two eccentrics are used, for forward and backward 
running resjiectivelv, and the engine so fitted, there- 
fore, can not only be reversed, but worked at 
different degrees of expansion. In the extreme end 
positions of the link, the eccentric and valve rods 
are practically in line, so that the relations be- 
tween whichever eccentric happ<*ns tn b<* in gear 
to the valve are identical with those which exist 
in the simple valve gear without a link. But when 
the link is in mid-gear, the engine is inoperative. 
At interme^ate positions from full towards mid- 
gear the cut-off is effected at earlier stages, and 
with increased expansive working. This is termed 
by the railway men notching vp, because the re- 
versing lever is held in notches which arc arranged 
for graduated rates of ex[)ansion. When an engine 
is running light on a level the links are notched 
up, with economy of steam consumjition. 

The Elements. The elements of the motion 
1 42] are the two eccentrics and sheaves, A, B, the 
eccentric rods C, D, attached to the link E, the 
die blocks or sliding block, F, over which the link 
is movable, and connected to the valve rod. To 
shift the position of the link relatively to the die 
block, so bringing either eccentric rod with more 
or less approximation into line with the valve rod, 
lifting linker G, when vertical, or drag links when 
horizontal, are attached to one end of the link. 
The lifting, or drag links ai*e pulled, or pushed 
by the reversing lever, H, acting thi’ough a bell- 
crank lover on the lifting links. The fulcrum of 
the bell-crank lever is in the axis of the weigh 
shaft, or rocking shaft J, on which the lever is 
keyed. 

Action of the Link Motion. We shall 
trace out the action of the mechanism : In 42, in 
which the engine is on dead centres, a being the 
centre of the crank- shaft, and h the crank the 
forward eccentric A will come into oy^eration, and 
lead, and the engine will run in the direction of tlie 
arrow drawn on the circle of the crank-pin. The 
reason is that the valve K being open to lead — that 
is, by the amount allowed for lead, say, from in. 
to iV in* — steam enters the cylinder behind the 
piston L, and causes it to move in the direction 
of the arrow. But in so doing, the crank-pin b 
must move in the direction of the arrow drawn 
on the crank circle. The full part of the eccentric 
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A still pushes the valve wider open, and more 
steam enters behind the piston. This goes on 
until, in 43, the eccentric has advanced far enough 
to open the steam port to its widest, and then, the 
centre of the sheave bcu'ng in line with the valve 
rod, the valve begins to return. It will be noted 
that steam is exhausting from the cylinder on 
the opposite side of tlie ])i8ton. In 44 the 
valve has returned, and closed the port, cutting 
off the steam at about three- fourths the stroke, 
after which the remainder of the stroke is 
accomplished by the expansive force of the steam 
enclosed Ixdiind the piston. The exhaust port is 
about to close. In the final stage of the stroke, when 
the crank-pin h is on dead centres, at the opposite 
side of the path from which it started [45], or 180 
therefrom, the forward eccentric A is still 00 
in advance plus the amounts of lap and lead on 
the other side of the centre a. The piston has 
reached the end of its stroke; it is cushioned by 
the steam entering by the opening to lead, and is 
about to return. The arch of the valve has opened 
the port to exhaust, so completing the cycle of one 
stroke of the piston. 

Reversal. If now the link is lifted to bring 
the backward eccentric into line with the lino of 
dead centres [46], the full y)art of the eccentric will 
lead the crank in the opposite direction to that in 
42, or backward. This is clear, for though the 
valve is oyienod to lead exactly as it was in 42, the 
eccentric B, in ojx^ning the valve, leads and pulls 
the crank-pin 6 in the direction of the arrow. With 
the exception that the rotation is in the opposite 
direction, the sequence of events in the cycle is 
identical with that in 42 to 45. The ojiposite end 
of the link, that which is not brought into gear, is 
inoyierative. It wobbles about, but does not affect 
the movements of the valve. 

The effect of sliding the link in relation to the die- 
block [47], notching up, is to shorten the stroke of 
the valve, with the result that steam is cut off 
earlier, and worked at a higher ratio of expansion. 
But it also increases the ojwning to lead, and with it 
the amount of back pressure or cushioning. 

If the link is brought into mid-gear [48] the valve 
will be opim to lead at the termination of a stroke, 
but no motion can ensue, because the port becomes 
covered at once. But for the lead and lap no 
motion at all would ensue. An engine with the 
link in mid-gear would not run, though the throttle 
valve or regulator were wide oy>cn. 

Imperfections. Around this common link 
motion much variety in practice exists, for it is 
only a compromise, and it lies mostly round the 
allowances for lap and lead, and especially the 
latter. Too much load would be an evil in a slowly- 
running engine. The obliquity of the rods exercises 
a considerable influence, and to this is due the fact 
that the aim is generally to make the rods as long 
as is convenient, to lessen this obliquity, just as 
connecting-rods arc made long preferably to being 
short. For the same reason the links are made as 
short as convenient, because bringing the centres of 
attachment of the ro^s closer together lessens their 
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obliquity. For the same reason, rods are 
made operif rather than crossed ^ when the 
full part of the sheaves comes between 
the crank axle and the link. They In- 
come crossed when the full part of the 
sheaves lies on the side of the crank-axle 
which is farthest from the link. The effect 
of crossing is to shorten their radius, Ije- 
cause of their greater obliquity. This 
explains why the lead is greater at 
one end of the cylinder than at the 
otlier, greater in 45 than in 42. This 
ineiease will be minimised the more 
the length of the rods is increased. 
The reason why lead is increased by 
crossing the rods is illustrated in 49, 
where tli* rods, open, are shoum at 
C, D, and the same crossed at C', I)'; 
a being eciual to twice the lap and lead, 
h is the extra amount of lead due to 
crossing the rods. The reason why lead 
is increased by moving the link from 
full gear towards mid-gear is apparent 
from the diagram in 50. When the 
engine is in full gear forward, the 
centre of the j)in of the forward eccen- 
tric rod is at «, and that of the back- 
ward rod at h. By lifting the link to 
the centre, the rods describe ares round 
their sheaves. The centre of the link 
is thus thrown farther away from the 
erank-axle by the distance c, with corre- 
sponding increase of lead. 

To neutralise the effec ts of increase of 
lead at one end of the stroke the general 
rule holds good : “ Drau' the centre line 
of the link with a radius equal to the 
length of the eccentric rods, measured 
from the centre of the joint at the 
other end.” 

Zeuner’s Diagrams. The rela- 
tive positions of crank and slide valve 
can be obtained by means of Zeuner's 
diagrams as follows. The prin( i])le is 
shown in 51. Here ah re])resents the 
length of the connecting-rod, and ho 
that of the crank, o being the centre 
of revolution of the crank shaft : cd 
re])iesents the length of the eccentric 
rod ; and od the eccentricity or throw 
of the eccentric, d being in advance of 
the crank -pin b by fK)° plus the angle 
of advance 0 of the eccentric sheave*. 
The length ah of the connecting rod may 
be set off from the extremes of the crank 
circle at ef to e'l\ which will give the 
length of the piston stroke. By setting 
off the length dc of the eccentric roa 
from the valve einde at hi to the 
length of the valve stroke can be 
obtained. 

Now draw bjy dk pcri^endicular to (he 
line w’hich represents the axis of move- 
ment of the piston-rod. Neglecting the 
obliquity of the connecting rod, ej wiH 
represent with sufficient ap])roximation 
the distance e'j' through wliich the piston 
has moved at the position h of the crank. 
Bet off oc' equal to dc, and c' will corre- 
spond with the mid -stroke of the valve. 
The valve has moved a distance of rr' 
from its mid -position for the position d 
of the eccentric sheave. Since oc' equals 
dc very approximately, therefore ok is 
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approx imat-ely equal to cc'. Next take half the 
radius od in 61, and with it draw two circles in 
contact [62|. Draw ok' parallel with od in 61, 
and join d'lc'. Then, in 61 and 62 od equals od; 
the angle d'oh' equals the angle dok, and the right 
angle ok'd' equals okd. Therefore d'k' is the radius 
vector, which is the line from the centre of the 
force to the point of the orbit whete the body is 
supposed to be. This, if drawn parallel with any 
position of the eccentric will be approximately 
equal to the travel of the valve from its mid- 
position. In other words, the amount of move- 
ment of the valve is the same as the radius vector 
corresponding with that angle. Hence, by the 
embodiment of this diagram, the distance between 
Ihe centre of the valve and its centre of movement 
for any position of the crank can be measured 
without calculation. 


on these lines draw the two valve circles. The 
crank circle bb' is drawn to any scale or to full size. 
With centre o and radius equal to the outside lap 
draw the outside lap circle U. If inside lap is put, 
then, with centre o and rjulius equal to the inside 
lap, draw the inside lap circle 2. 

The port opens to steam when the valve has 
moved from its mid -position through a distance 
equal to its outside lap. A line, the radius vector, 
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To apply the principle embodied in the disgrain, 
the circles are rotated back through an angle of 
plus 0, the angle of advance of the eccentric, 
as in 53. This is done as a matter of con- 
venience. The angularity of the eccentric rod 
iHung so small as to be negligible, as is evident 
in 51, which is drawn to scale, and the radius 
vector being, therefore, approximately e<pial to the 
travel of the valve from its mid-position, all that 



50. INCREASE OF LEAD TOWARDS MID-CiEAR 


remains is to bring this into lino with the line of 
the crank. In 53, take two lines at right angles with 
each other, ««, hh, and from an set off the angle of 
advance 0 towards the initial j)Osition of the crank, 
and draw the line cc at that angle. Then draw 
two circles in contact from centres o'o\ oo' lx*ing 
c({ual to half the radius of the eccentric. TIicii 
the radius vector od of the valve circles, drawn 
from o parallel with any jiosition of the crank 
corres])onds with the 


drawn from o through the point i on the valve 
circle to out the crank circle at i' shows the position 
of the crank when the valve ojKms. o 3 4 is the 
position of the crank when the valve closes, and the 
steam begins to work ex})ansively. o 5 6 is the 
position of the crank when the valve opens to ex- 
haust, and o 7 S that of the crank when the valve 
closes to exhaust, and compression begins. On the 
lines drawn below 54, the proportionate lengths 
of stroke of the valve rod arc shown ; o 4 is the 
period of admission, 4 (1 that of expansion, 6 8 
that of exhaust, and 8 2 that of compression. 

Another way of illustrating the valve diagram, 
though identical in ])rinciple, is shown in 55. 
Draw the crank circle bb' of the same diameter as 
the stroke of the piston, and mark a line bb' across 
its diameter. From tho same centre describe a 
circle, the “ valve circle,” the diameter of which 
reyiresents the length of travel of the valve. From 
the same centre describe the “lap circle,” the 
diameter of which equals twice the lap. 

When in the plane bb' the crank is on dead centres. 
But if lead is allowed the port o]>cns before the 
crank arrives at dead centres — namely, at the point a 
on the crank circle. This can be obtained by setting 
down on the valve circle the proportion which the 
lead bears to the total travel of the valve — it may 
be one-fortieth, or one-fiffeth, or other propor- 
tion of the travel — and drawing a line through 
that point from the centre o to cut the crank 
* -- > circle at ff. This line- 


travel of the valve 
from its mid -posi- 
tion. 

Completed 
Diagrams. The 

foregoing are drawn 
to the same relations 
and scale as the dia- 
grams in 61 and £2. 



will cut the lap circle 
at c. A circle is now 
drawn of half the 
diameter of the lap 
ciiclc cutting the lap 
circle ate. The por- 
tion of the circle 
lying outside the lap 
circle is shaded in 


But as it is im]>os- 0 \ I* order to indicate the 

sible to l)e (pjite V ; \ / amount of opening 

accurate when the 'V of the ]X)rt, as sepa- 

valve circles arc so ^ ^ -• «• rated from that of 


small it is usual to go 

draw these to an 

cnlai ged scale. The PRINCIPLE OF 

next figure, 64, therefore shows them four times 
larger than the previous figures do. The valve 
diaOTam is here shown completed ; 66' is in the 
path of the piston-rod, and aa is at right angles 
thereto ; 66' is the crank circle, and the crank is 
moving from 6' to 6. 

Draw the line cc at the angle of advance tf from 
6'6. Measure of! od, oc, each equal in length to 
half the travel of the valve, and with centres o'o' 


PRINCIPLE OF VALVE DIAGRAMS 


g« the lap, and the 

two extremities, as 

aVE DIAGRAMS 

vious diagram, mark the points of opening and 
closing up the yiorts. The line oa is that which 
corresponds witli opening, and the lino oc with 
closing. On the radius od on the centre of the 
shaded portion the maximum width of port opening 
is measured. And in any position included by the 
arc of admission the width of opening of the port 
can be measured on any radius on the shaded 
area. Similarly, the line od prolonged to c gives 


6141 



a 



VALVE DIAGRAMS 


the inaxirnuni exhaust opening. And if there is 
no lap to exhaufst, the exhaust will remain ojien 
during half a revolution, and therefore a half eircle 
measured equidistantly from e will give the entire 
exhaust opening, l^eing at its maximum at r, and 
elosing at gr, beyond which eom])reasion takes 
place to a. 

Uses of Diagrams. It is easy to ascertain 
from the diagram the distance which the piston 
has travelled corres]X)nding with any width of 
port oyiening. Suppose the length of stroke is 
divided into ten equal parts, as shown. Then per- 
]>endiculars dropped from any points in the crank 
eircle indicate at what positions of the piston the 
various stages in the valve cycle take place. If 
there is no exhaust lap, the edges of the arch of 
the valve coincide with the inner edges of the 
steam 7 )ort 8 when the valve is in tlie middle travel. 
Then the opening and closing of the exhaust ports 
will be represented by lines at exa(;t right angles 
with those representing the maximum port opening, 
OB in the present figure [55 J. If exhaust lap is added, 
the diagram is modified, as in 56. A circle is struck 
from the common centre with a radius equal to 


that of the lap. A second circle is drawn equal 
to the u])])er circle, which will indicate the port 
opening for the return stroke. Through the 
])oints i and i where this circle cuts the exhaust 
lap circle lines are drawn cutting the crank circle 
at m and n ; m represents the ojiening to exhaust 
and ?} its closing. 

Another way to draw the diagram is show'n 
in 57. Draw the centre lines bb\ and from a centre 
o describe a eircle r, the diameter of which is equal 
to the travel of the valve. Mark off from the 
centre o the lap d and lead e. From c erect a ])er- 
IK*ndicular /, cutting the valvT, eircle at g\ join 
or/, and on the line tKj describe a circle in contact 
with o and g. From the centre o draw the la]) 
circle cd. Draw lines from o passing through the 
points of intersection of the two circles, and cutting 
the valve circle at hj ; oh then represents the 
position of the crank when the valve Ijcgins to 
open the port to steam, and oj corresponas with 
the cut-off. To render the relations more clear, 
an indicator diagram is drawn below, showing 
admission, and full opening, cut-off, expansion, 
release, exhaust, and compression. 
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By FRED HORNER 


E shall now consider the circular saw as a log- 
eon verting machine. It possesses the advan- 
tage of great speed of cutting, and outdistances 
the reciprocating saws easily in this respect. As a 
set-off, however, two objections are found : there 
is a considerable waste of wood in the kerf, and the 
saw takes an excessive amount of power to drive 
it, due to the leverage of the teeth acting on the 
]wnphery of the disc. Notwitlistanding these 
objections, circular saws are emjiloyed when logs 
liave to be out into heavy scantlings, such as 
sleepers, iiosts, and various framings of square or 
other sections, which involves taking off tlie outside 
portions. They are not used to such an extent foi- 
the cutting of logs into very thin boards or strips of 
different sections, although the smaller saw's are 
ada])ted to deal with pieces that have already been 
broken out from logs. The Americans are fond of 
using circular saws for log work, and manufacturers 
devote more attention to these machines than they 
do over Iiere. 

RacK Benches. The log saws are eon- 
structed with travelling tables, which carry the logs 
past the ])rojeeting saws. There arc two patterns : 
one in w'hich the tables are divided to embrace the 
saw on each side, the other in which the logs are 
held on dog- carriage's resembling those in 26 [see 


minute, with a quick return movement at 120 ft. per 
minute. Some details of the machine are illustrated 
in 28, the saw being seen at A, the table at B. The 
feed is from pulleys at C, carrying ojicn and crossed 
belts, either of which is shifted on to the central 
fast pulley, driving the shaft D, and thence a train 
of spur wheels, which end in a pinion meshing with 
the rack fastened underneath the table, B, to the 
left. The four rollers supporting the table across 
its width are seen at F F F F, all of these biung 
mounted uyion a common spindle. There is a. 
foot yicdal at G, which, when depressed one way or 
the other, turns a short shaft, having mitre gears 
communicating motion to a rocking lever at H, 
which operates a rod connected to the striking forks 
on the ])ulleys at thus giving the attendant 
perfect control over the feeds and return. The fencp. 
at .1 is for guiding timber in a straight line past 
the saw% and to keep the timber against the fence 
the pressure rdler^ K, is brought into use. It is 
held on an upright bar that can be pivoted in its 
socket, and pulled over by a cord attached to a 
balance weight, the cord passing over the ymlley 
adjacent. In this manner the timber is pressed 
up to the fence, and the resulting cut is parallel 
and smooth. The length of the tables in these 
rack benches ranges between 20 ft. and 40 ft. 



p:igc 5997], and jiresented 
Interally to the saw, enabling 1 
successive settings t(» be made for 
cutting off planks or boards. 

Figure 27 gives a side elevation 
of a rackhench fora 72- in. saw 
(Messrs. VV. B. Haigh tHr Co., 27 . 72 
Ltd.), from which the elements 
of such machines may l>e 
studied. In 28 some of the 
details are. illustrated. The 
saw, A, runs in fixed bear- 
ings, and the timber rests 
upon the table, B, which 
has a longitudinal opening 

to receive the saw. 1'he e e 

table is made of steel yffate, 

and moves upon a series of 

rollers, seen underneath, . 

resting upon a ti m ber fra m - 1 

ing. The driving of the sa w 

is effected through the lino /.IM 

shaft and pulley at C, 

belted up to the saw 

mandrel ; the table drive is also 

derived from a pulley at C, from 

which a belt goes up to a pulley 

connected to a train of spur gears, 

coupled with the rack underneath 

the table. The rates of feed can 

be varied from 10 ft. to 40 ft. per 
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28. DETAILS OF RACK 


'Phe example in 27 has 40 ft. 
length. The approximate 
B.H.I*. required for thi'^ 
machine is 40 ; the saw 
sy>indlc makes 500 revolutions 
^ per minute, and the greatest 
BENCH V^'^^’ble deyith of cut which 
the saw can make is 32 in. 
In the case of a 42 in. saw' 
machine the capacity in 
de])th is 18 in., and the 
H.P. 20. The.se saws are 
syTcedeil to give about 
9,000 ft. pcripWal speed. 

Figure 29 shows the 
general ap]>earance of a rack 
bench (Thomas Robinson 
I't Son, Ltd.), in w'hich the 
■ rollers at one end are seen 

■ exposed as the table is 

■ travelling towards them, 
carrying a log upon it. The 

■p — tables in this typo of ma- 
1' chine are of steel, and in 
the largest sizes of machines each 
half-table is driven by its own rack, 
instead of emptying a single rack, 
as in smaller machines. Parallel w’ith 
the table, and at the same level, are 
a series of plain rollers for shifting 
the timber about, both before ana 
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29. CIRCITLAK SAW RA(’K BENCH 


after it is sawn. These may be noted at the 
left-hand side of the table rollers in the picture. 

Hand-fed rack-tables are made only to a moderate 
extent, the motion being obtained from a crank 
handle turning the rack i)inion. The table is 
made of wood, with iron guide raib bolted beneath, 
and the framing is of wood, made in such )X>r- 
tions that they can l>e conveniently transjiorted 
to out-of-the-way districts. The tables are shorter 
than those for the largest ]>ow'er-fed machines, 
ranging from 12 ft. to 20 ft. The term cdoninl is 
often applied to these classes of machines. The 
sawmill enginwrs simply supply the iron portions 
of the machine, leaving the ])urchaser to const ruc‘t 
the timber work on the s])ot, or within convenient 
reach of the forest. 

The reason for the adoption of wrought- iron or 
steel ])lates in these rack benches is chiefly one of 
strength, because cast iron is liable to be fractured 
tlirough the concussion of heavy logs rolled on to 
them. No fastenings are necessary for the logs, 
as the weight is sufficient to keep them steady. 
Round logs are flattened a little on the lK)ttom to 
make them stand firmly, or else wedged and packed 
to keep them from shiRing. 

Rack Benches with Dog-carriages. 
In what are erroneously called American rack benches 
the log is not earrioil upon a flat table, like the fore- 
going, but is held in a dog-carriage, by which it may 
l>e fed u]» to cut off planks and boards of various 
thicknesses, the o|>eration being similar to that of 
the v’ertical log band-saw's described in the previous 
article. These machines are used more extensively 
in America than over here, but the band-saws are 
gradually displacing them, for the reasons already 
given — namely, less |)ower consumption, and de- 
creased width of kerf. In America, also, the use 
of large saw's w ith inserted teeth is far more common 
than in Britain, the waste of wood being excessive. 
Thest* saws w'ill be described, together with others, 
later. The description of the dog-carriages given 
in the ])revious article a])])lies ecpially well to 
those employed for circular saws, and need not l>c 
repeated. In 30 we illustrate a machine (Messrs. 
Thos. Robinson Son, Ltd.), in which a log is 
seen gripjxfd by some of the quick -acting dogs 
of the carriage. The latter is constructed wholly 
of wrought iron, so that it can sustain heavy 
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31. SAW BENCH WITH ROPE FEED 


shocks and cut at a high speed without risk of 
breakage. The carriage ns shown is arranged to 
take logs up to 30 ft. in length, but there is 
practically no limit in this direction. The circular 
saw is 06 in. in diameter, and runs at 600 revolu- 
tions per minute. There are three speeds, or rates 
of feed, to the log, and a rapid return. 

A circular steel dis- of wedge section is placed 
immediately behind the saw, to enter the kerf 
after it, and force, the two siwn portions apart 
slightly, thus relieving the saw' of undue side 
friction, which wou’'^* 

augmenting ifs w'ork and decreasing output. There 
is a long vertical roller located in a sliding bearing 
in adv’ance of the saw, against which the log takes 
a bearing W'hen travelling. The roller is adjustable 
by a hand wheel, and serves as a fence. 

Double Sews. As the capacity of a circular 
saw is limited as to the diameter it will cut, it 
cannot be em])loycd to cut up big logs. But by 
mounting another saw above, the capacity is much 
increased, as the two blades, working up from 
below and down from above, can reach through a 
greater thickness. 'Phe to]> saw is usually of 
smaller diameter than the bottom one, say in the 
relation of 72 in. and 30 iti., in the case of the 
larger machines. Figure 32 re])re.sents a double 
machine, a type similar in all other resjMX'ts 
to 30. The u]>]>er saw is carried on a spindle in 
sliding bearings on an ii])right, and the driving 



30. (TRCULAR SAW LOG MILL 

belt pa.sses around a jockey pulley by which the 
slack is taken up. Tlic teeth of the suw's 
face in op^iositc directions to each other, and 
the direction of rotation is also opposite. The two 
are brought as close as ])ossiblc without actually 
touching. 

Framings. The framework of ( arriages is 
generally (constructed of tiinlxT w'hen intended for 
export pur])oses, and the American builders of 
these machines favour timber framings, on which 
the running w'heels, the dogs, and the set works urtc 
fastened. The timbers are mortiscxl and tenoned 
together, and well secured with bolts. The frame 
carrying the saw mandrel and the fe(*d -change 
work-s is also of w'ood The reverse motions are put 
into action by friction wheels. Other classes of 
feeds are the rope or cable, and the direct-acting 
steam (used chicily in America), discusscil in the 
last article. 

The driving arrangements of the circular Jog 
mills depend cm cin innstamces. The])owcr can be 
derived from a s]MX'ial portable engine, Ijclted to 
the raw mandrel, or from main shafting which 
serves other machines. An oil or gas engine can 
be located clo.se to the mill, and belted to the pulley. 
The oil engines are u.scdul for portable mills, or 
those which have to lx? re-eixcctcd from time to time 
in various parts of the forest. 
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Re-saws. We now come to a group of machines 
termed re-saws, th(^ function of which is to cut up 
deals, flitches, planks, et which have already 
been sawn out from logs, into portions of various 
sizes. The deal frames already described are 
strictly re-sawe, but theie are als > the smaller band 
and circular saws, which are both rapid in operation 
and handy in respect of the 
variety of work which they 
can be adapted to turn out. 

Adj\istmenta can be made very 
(juickiy to cut a small number 
or hundreds of similar pieces. 

A h'ature in which these 
circular and band re-saws 
ilifTer from log-sawing machines 
is that Ihc tables do not 
usually travel, but the timber, 
being more or l(*ss even, is 
slid along smooth surfaces, 
with or without the hel]) of 
rollers. The three chief methods 
of feeding are ro]x*, chain, and 

roller. The. ropc-fce/l is suitable for irregularly. 
sha]>ed timlxT, or for driving small logs. The 
bench 131] (Thos. Fobinson ^ Son, LUl.) embodies 
a cored casting, carrying three bearings for the 
saw sjundle. The tirnb«‘r is drawn along on the 

top of the table })ast fh(‘ saw 

by a ro]>e, fitted with a drag 
liiiok at the end, as seen, and 
the rope is wound around the 
drum at the left-hand end of 
tlie bench. Four rates of s]). fd, 
from 15 ft. to GO ft. or upward 
]»er minute, ean be obtaimd 
through the medium of eone 
pulleys, and the movement of 
the rope can l)e instantly 
Htarteil or stop]Kd by throwing 
a eluteh in or out of gea*-. The 
8))e<d of the drum is retlueed 
by back gears. The rope is 
])assed u]) over a roller at the 
edge of the table*, this roller 

enabling it to run over the edge without friction. 
In cutting long pieces, wliicli overhang the ends 
of the beneli to a considerable distance, so ne 
extraneous sup]X)rt is reciuired ; this is alTorded 
by a trollnf at each end. running on lines of 
ails laid down in line 
with the machine. The 
timber, therefore, rests on 
one trolley, and gradually 
leaves it, to ]>ass over the 
bench past the saw and lx* 
supported by the other trolley. 

The fence for keeping the 
timber straight is fitted with a 
eounterbalancctl roller, pulled 
over by a weight, in a similar 
manner to that described in 
connection with 28 . 

Some rope-feed l^enches 
have, instead of the small 
drum, a largo grooved wheel 
placed with its Sfiindle at 
right angles to the saw man- 
drel ; it lies close up to the end of the boneh, and 
the rot )0 is condiictotl over a small pulley on to the 
tiible. The ro}X) is subjected to less strain while 
running on the large pulley than it is on a small 
drum. When the ro}x^ has been pulled along 
f-o its drum or wheel, the return, in rcjidiness 
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32 . DOUBLE SAWS FOR LARGE LOGS 



33. HORIZONTAL ROLLER-FEED SAW 
BENCH 



84 . SAW BENCH WITH (’OMBINED HORI- 
ZONTAL AND VERTICAL ROLLER FEEDS 


for another feed, is effected by pulling at it 
with the hands, the cliit<;h l>eing thrown out mean- 
while, so that the drum revolves frccl}’^ upon its 
spindle. 

Chain-feed Benches. Chain-feed benc’hes, 
which arc employed principally for cutting u]) 
sleepers and the various short pieces of waggon 
framings, have a greater 
output than the ro|>e.feed 
machines, because the action i.s 
continuous. One, or in some 
eases, two endless piteli-chains 
are driven over wheels at the 
ends of table, and they run in 
groov<*s ])aHt the saw\ Tin* 
timber is fed by the pressure 
of dogs droy)ped on to the 
(diains Ix'tween the links. As 
the chain or chains arc always 
running, the timber can 
pushed along as fast as it 
placed in position. Rates of 
feed vary from 40 ft. to I-O ft. 
per minute. Some of these machine- wOl split 2,500 
balks in a day of ttui hours, resulting in the pro- 
duction of 5,000 sleepers. 

Roller-feed Benches. The beH method 
of feeding, providing the work is suited lher(‘fo, is by 
continuously revolving " 
either horizontal or vertical, 
the latter method ])rodomina- 
ting. A horizontal roller 
bench is shown in 33, one of 
Messrs. Robinson’s designs. 
The rollers, wOiich arc smooth, 
lie at the ends of the table, 
and their top surface is raised 
slightly above that of the 
table. They are driven at any 
one of three 'lifferent s])eeds, 
and the weight of thi^ log, 
or flitch, combined woth tlu 
downward pressure of the 
revolving saw, gives sufficient 
friction to feed. The rollers 
can be reversed at a quick s])eed, in order to return 
lieavy pieces after each sawing. The largest of the 
machines takes saws up to 5 ft. in diameter. 

One of the most useful forms of roller-feed bench 
is that shown by the drawings in 35 of a bench 
taking 42 in. saw's, and having 
a, table measuring G ft. by 3 ft. 
The. examy>le is one by Messrs, 
.lohn Sutcliffe & Son, Ltd,, 
Halifax, and shows it in side 
elevation, plan, and two end 
elevations. The saw* s])indle, 
A, is Bup])orU*d in fw'o bear- 
ings, the outer one being 
placed outside the driving 
pulley ; the latter is mtule 
slightly larger than its adjacent 
loose pulley, on which the belt 
is slid to run idle and slack. 
The belt aliipy)er is seen to be 
actuated by a pivoted lever 
worked from a rod passing 
through to the front of the 
bench, where the control is best effected [sec the 
plan viewj. Removable plates are fitted over the 
bearing and the spindle end to facilitate examination 
and the changing of saws. The feed rollers BB, 
serrated in ratchet form, are revolved against the 
timber, and force it along w'hile making contact 
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with the fence C. A number of small plain rollers 
are set in the fence, to relieve the friction. 
Lateral adjustment, to suit the thickness of wood 
wliich it is desired to cut, is effected by a transverse 
screw passing through tlie table, and turned by a 
small knob seen near the right-hand end. Quick 
adjustment is provided for by a locking handle, 
which releases the fence, enabling it to l)e ahifteil to 
and fro inst-antly. 

The mechanism of the feeding rollers includes a 
radial arm, D. pivoting upon a pillar lx)lted to the 
table, and carrying a rod in clamp l>earinga, which 
rod holds the vertk;al shaft l)earing of the rollers, 
and is adjustable in the clamp bearing to aoooin mo- 
date different diameters of saws. Pleasure against 
the wood is produced by a rope or chain pulling at 
the side of the bearing, leading over guide pulleys 
at K, to a weight at F. The' rollers are driven in a 
positive manner by a pitch chain on the top of the 
shaft, worked from another shaft, G, which passes 



a bench [34] which incorf>oratcs the horizontal and 
the vortical rollers. The details wdll l>e chair from 
the illustration. The vertical rollers are adjustable 
vertically ii}X)n their alia ft, to suit varying heights 
of timber. The reason for the adoption of two 
rollers is that a better grip is secured on tlie timber. 
When the horizon tfil rollers are in use, the radial 
arm is pushed round to the h{u:k of the liench. 

In one type of machine the feeding is imparted 
by a fluted roller, which projwts through an opening 
in the table in front of the saw, the amount of pro- 
jection iLSMiig variable, to suit the nature of the 
timlx'r. In all these roller-feed benches, the stuff 
can be fed continuously, and tlu* length of time 
during which the saw will be running idly is reduced 
to a minimum. 

(anting fences are d(‘signed for use with the 
roller-feed lienches, to cut feather-edged hoards, cte. 
The fence tilts Ixxlily w ith its rollers, so throwing the 
stuff over in r<‘1ation to the saw. A s]MH*ial class 
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four-stepped }>u]ley, H, belted from another inilUy,.!, 
which derives motion from a pair of ]nilley.s, one on 
its shaft, and one on the saw mandrel, at K. A claw' 
clutch, put into mesh by a handle at the front of 
the bench, enables the sawyer to start and stop the 
rollers instiintly ; the clutch works into teeth on 
the stepj>ed j)ulley. At each end of the bench a 
smooth roller rests in Iwarings to take the weight 
of the wood as it passes over, and ho to lessen the 
friction. If it is dc^sired to use the machine without 
the roller feed, the radial arm can l)c swung out of 
the way, leaving the Ixaich free. 

Combination Feeds. Several ty}x»s of 
benches are constructed with a combination of 
feeds, as rack and roller, or roj)c and roller, the idea 
lieing to use one for rough logs, w'hi(di cannot l>e fed 
by rollers, and the other for regular ]>icces. like 
deals. Sufdi macliines /ire very useful to sawyers 
who cannot have two 8c]»aratc bcmches for the 
different cla.ss(*s of work. Messrs. Itobinson make 


duplicatetl at tliccnd, by means of w’hif'li the deal or 
batten < an pasH<*d through and l»e divided exactly 
in halves by tlic saw, the rollers lH*ing sclf-ccntring. 
At the same time, tlic machine can Ik? nda])fe(l to 
sawing Ixiards of varying thicknesses by locking 
one of the rollers ami using it as an ordinary tixcsl 
fence. A canting movement is titled in (x»rt.ain 
cases, to throw the stuff over for cutting feathcr- 
Cidged work. 

In these machines the tabic is rc])reHented by 
narrow ledges only, just sufficient to carry the width 
of stuff binng dealt with. 

►Saws arc duplicatol on a spindle in some eases 
for making more than one cut along a ])iecc of 
stuff, with the idea of saving time and ])roducing 
rcjictition work. Some of the chain-hted benches 
are constructed with a saw flanking each side of 
the chain, for edging deals and boards after they 
have loft the log frame. Small logs may also lie 
squared on two sides simultaneously. 
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away, carrying impurities with it. The residual 
wax is then melted up and refined by means of 
animal charcoal or fullers’ earth, la'ing thus ren- 
dered colourless and odourless. 'rhe separated 
lubricating oils of various grades are purified in the 
same manner as the kerosene by treatment with 
acid and alkali. 

Vaseline. Th s ]>roduct is obtained by con- 
centrating the residuum of ordinary Pennsylvanian 
or other similar petroleum to the consistency of 
butter, and dissolvirig it in jtetroleum spirit, the 
solvent being eva])orated otf after re])eated treat- 
ment of the solution with animal charcoal. 

Characters of the Commercial Pro- 
ducts. On rcdistillation, benzine obtaintnl frotn 
tlie crude ])etrolcum of the United States may Ih' 
dividtni into gasoline and a number of other less 
volatile products, hut gasoliiu' itself is sometimes 
further subdivided into cymogene, * rhigolene, and 
gasoline. Cymogene boils at 112 F., and can ther(‘- 
fore be ])rpservefl only in a liquid state in a freezing 
mixture, or und(‘r ])rt‘ssure ; while rhigolene has a 
boiling point of (>"» F. These jiroducts, which have ifi 
admixture a s|)eeifi(‘ gravity of are mueli used 

for surgical pur|K>ses as local aiuesthetic'. A highly 
volatile prfMluei, of specific gravity ‘<)2r>, obtained 
from ga,solinc. has long been em])loyed for the same 
jmrpose in admixture with sulphuric ether. The 
generic term of imtroUum d.htr is afiplied to the 
product in question (not the mixture), but various 
other descriptions of petroleum tdher of higher 
s|X‘eific gravity and lower volatility (or higher 
boiling ]K)int) are made in this country. (Jasoline. th<‘ 
s]»e<*ilic gravity of which usually rang<‘s from ‘(»42 to 
is used to carburet air. in what are known as <'///- 
gas iJKtchiru/^f for burning as an ilium inaiit, and is 
also largely employed as fuel in cooking-stoves in 
the I’nited States. For use in the internal com- 
bustion engines of motor-ears, preferenct* has long 
been givcui to a |K‘troleum synrit of *fi8(> s|H‘eifie 
gravitN" im])orted from the United States or manu- 
faetured in this country ; hut it has l»eeome diffi- 
cult to obtain adequate supplies of this iirwhict, and 
within recent years there has beeh a progressive 
increase in the .speeifie gravity of the spirit employed 
for the purpose. Moreover, a large proportion of 
the henz.ne now' imported comes from the Dutch 
Fast Indies, and this ]»r(Khict has a lower boiling 
ja)int in relation to the si^Tifie gravity than that 
of th«^‘ American sj)irit, so that the sperific gravity 
has ceased to be a trustworthy guide to the vola- 
tility of the ])rod»ict \mless the origin of the s])irit 
is also tiiken into aeeo\mt. The American deodorised 
naphtha or benzoline of eommerce, whi<'h has a 
specific gravity of about *7t>0, is used for detergent 
purposes in the j)roee.ss known as dr g -cleaning, and 
as a source of light in sjjonge Iamj)R. Petroleum 
sy)irit from Rumanian p<^troleum is also now an 
article of commerce in this country. 

Ref ned Oil. The refined oil (kerosene) 
obtainc*rl from the crude |H*troleum of the Unittxl 
States is of several descriptions, but only two of 
the.sf* — the ordinary Amerj< an lamp-oil of eomniiTce, 
known under the brands of Tea Rose, Royal Day- 
light, (‘le., and W'ater vvhile or high test oils, sold 
under the brands of White Rose, Snowflake, etc. — 
an* imported into this country. The ordinary oil is 
usually ()f a pale straw' colour, and has a s]>ecific 
gravity of about *H(H), Its flash-|K»int is g<*nerally 
not much above the legal limit of 7H F. (AUd test). 
The higher grade of oil, of which the average crude 
petrfdciim yields only about 15 ywr e<'nt. or Ifi per 
cent., is colourless, or nearly so, and has a specific 
gravity of aljout '711. Its fiash-jioint is over HK) F. 


(Abel test). There is also manufactured to a small 
extent a burning oil having a sjwxutit^ gravity of 
*825 to *8.30 and a flash-point of about 250 F. 
(Abel teat). Of this oil, w'hich is usually known as 
rnin ral rdza < f7, al>out 10 per cent, may be 
obtained from the crude petrolcuim. 

Russian crude petroleum furnishes parallel pro- 
ducts of a somewhat different character. The yield 
of benzine is usually mneh lower, and the ordinary 
kerosene, obtained to the extent of only from 27 ])er 
cent, to 40 }H*r eerjt. of the (irude oil, has llie com- 
paratively high s])«H;itie gravity of *825, and a flash- 
yK>int of about 85 F. (Abel test). The most iju- 
y»ortant eommereial ])rodiiet is the residuum, whk'h, 
under the name of (drdki, is very largely cmploye<l 
as li<piid fuel. 

Kenmene is also imi)ortcd into Great Britain 
from Rumania. 

Of mineral oils for lubricating yniriKwes an exten- 
sive series is iiniHirteti from the Dnit^xl States and 
Russia under the n.^nes of spindle oil, engine oil, 
cylinder oil, valve oil, ete., the names indicating tlie 
general ehararters and uses. These oils are of various 
s]»eeifie gravities, flash-points, and viscosities, 
iieeoi*ding to the y>nr|K)8(‘S for which ihi‘y an* 
intended. 

Oils for gas-making and other ])urpasos. inter 
mexliate in ])hyHieal characters between the burning 
oils and the lubricating oils, art? also imported. 

Methods of Testing. Although, for eom- 
mereinl purposes, many tests art* applied to pelro- 
lenm ])roduets in ordtT to ascertain tlieir suitability 
for the uses to whi(?h lh(‘V are intended to be put, 
the legal enactments are f)iLsed solely on the detej- 
inination of the risk of fire as ?neasure<J by the 
temperature at which inflammable vapour is given 
off by tJie oil. the test Ix'ing known as that of 
fludii ng-jr, ini or flash int, and on this basis regu- 
lations are made r<*specting the keeping, carriage, 
and handling of such (Tiidt* oils and products as an* 
regardc*d as dang('rous. The early |K*tioleum h‘gis- 
lation in the I’nited Kingdon) iixfxl the standard of 
flash-point at HM) F., the test lading |»erform(‘d by 
heating a sample of the oil in a small ojm'II cup 
])la<*ed in a water bath, the arrangement resf'mbling 
a ear|)enter'H glue|M)t, and ]»H,Hsing a small flame 
at intervals across the surface of the oil as the 
femperature ros(‘ above fK> F., until a pale-l)lu«‘ 
fli<?ker or flasli was observed. Owing to the unsatis- 
factory results furnishwl by this com])aratively 
rough method of testing, tlie iVtrol(?um Act of 
|H7b was ])ass(*d with tin* ohj(‘(?t <d‘ siilwlituting tlu^ 

' A1h* 1 test, ' deviseil by the late Sir Fr(*<leriek Abel, 
in which a closed clip is used. The Abel testing 
instrunuTit eonsists of a cylindrical oil vessel, litt<*(J 
w'ith a f hermonu'-ter and provided with a <*over, in 
which there are three o])enings. 'J’hese ofX*nings are 
covered and uncovered by means of a slide working 
in guides, and luiving corresfamding |K*rforations. 
As the slide is drawn bH<?k to open the (?n]), it auto- 
matically tilts a small test lamp, so that the flame 
of the latter just cFiters tlie oil vessel. The oil eup 
is piaeeil in an air-jaekefed H])a<?e in an outer vessel 
t?ontaining water tirevionsly heattHl, and, in order 
to ensure uniform results, the test has t<i lx* pc’r- 
fornied in accordance with s|)ecific direiJtioiis relat- 
ing to the filling of the oil eup, the initial UMn])ora- 
turo of the water hath, the size of the t<^Ht flame, and 
the time occupied in a]>plying this flame. Tlio first 
application of the flame is made when the oil at tains 
a tem]x*raturc of fifi and t^e standard flashing- 
point is fixed at 73 F., this temperature con (?sj Kind - 
ing to the old standard of KK) F. in tin* oix*n eup, 
A modification of this apparatus, in wliieh tlie slitJe 
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in moved by clockwork, is used for testing petroleum 
under the Indian Petroleum Act, tiio minimum 
Hashing-point for safe oil being iixed at 70"* F., with 
a correction for the effect of variations in atmo- 
spheric pressure. In India the application of the 
test llame is directed to be begun at a relatively 
earlier stage of the test than in colder countries, 
with the object of getting rid of the vapour which 
is liable to be disengaged from the oil in filling the 
cup in a tropical climate, as this may causii a flash 
to occur yirematurely. 

Testing Lubricating Oils. For testing 
the flash-y>oint of lubricating oils, another modi- 
lication of the Abel apparatus, known as tht^ 
Pensky- Martens lesU*r, is largely used. The oil* 
cuyi of this instrumeni, is fitted with a stirrer to 
ensure uniformity in the k'myierature of the con- 
tents of the cu]), and the apyilication of the teat 
flame (furnished by coal-gas issuing from a small 
jet) is effected by means of a rotating vertical rod. 
'fhe oil-cu]) is healed to the requisite temperature 
in a cast-iron air bath surrounded by a. brass jacket. 

'J'he viscosity of lubricating oils is also tested, for 
this affords a measure of the relative lubricating 
values of the oils. The instruments emydoyed in 
making this test arc termed laVvcomc/er.v, and their 
action is usually based iiywri the yirincijde of deter- 
mining the tim(‘ oecuy)ietl in fhe outflow of a sy>eci- 
lied <yuantity of the oil through a jet or small oriflci* 
at a given iem|HTaturc. 'fhe standard instrument 
in this country is the Redwood viseometer, while on 
1h<‘ Ku? 0 |K*aM < oiifinent a somewhat similar form 
of ayiyiaratus, known as tli<‘ Kngler viscometer, is 
largely used. 

"Idle eoinmercdal value of yiaraflin wax is largely 
governed by the so-called malting paint (which is 
really the setting ysiint or solidifying yioint) of the 
material. This is determined by melting a small 
ipiantity in a test tube jind stirring it with a sensi- 
live tliennometer while the tube and its contents 
are allowed to eo(»l slowly in the air until a yx)int is 
reached at which the cooling is arrested by flie heat 
given out by tlu* solidifying y)araflin, and the mer- 
curial eolumn remains stationary for a short time, 
d'he temyxTature recorded by the thermometer when 
this occurs is the melting yioint. 

Transport. Relined oil (kerosene) is chiefly 
transyiortcd in bulk in tank steamshiyjs, tank barges, 
tank railway waggons, similar to those already 
referred to as being em})loyed in the carriage of 
cTude petroleum, and tank road waggons, the aim of 
modern jirax’tiee being to cheapen the cost of trans- 
])ort by keeping the oil in bulk from the time it 
leaves the retinery until it reaches the lamp in which 
it is burned. The use of the 40-gallon wooden barrels 
in which this product was at one time so hirgely 
distributed has, accordingly, been almost entirely 
BU]ier8eded, but “ cases,” which are wooden bo.xes, 
each holding two tin cans of 4-gnl. capacity, are still 
largely employed for sending the oil into sparsely 
populated countries, especially in tho tropie.s. 

At tho present time the Atlantic petroleum 
steamship fleet is a large one, and some of the 
vessels are of great capacity. Tho engines and 
boilers are somotimes placed amidships and 
sometimes at the after end. The tanks are 
formed by the skin of the ship, a decking, and a 
series of transverse bulkheads, with a central fore- 
and-aft bulkhead, and they are isolated from the 
stokehold and engine-room by a double bulkhead 
or coffer-dam, two of these being requirrxl when 
the engines are amidships, and the screw-shaft 
being then carried through an oil-tight tunnel. The 
jnost important fundamental principle of construc- 


tion lies in tho provision of expansion trunks, ex- 
tending upwards from the top of the tanks, by means 
of which tho contraction and expansion of tho oil 
under changes of temi>crature are allowed for, and 
tho tanks always remain full. If it were not for this 
arrangement the tanks would be liable to overflow 
or to become partially emjity, when the oil would 
be liable to be set in oscillation and the safety of the 
ship would be imperilled. Tho oil is delivered into 
these steamshifis by pipe-lines, and is discharged at 
the rate of hundreds of tons jier hour by the vessers 
powerful ymmps. 

Lubricating oils are now very largely shipped 
from the United Statens in bulk, and wholly so from 
Russia. The gas-oil used by gas companies in the 
manufacture of carburetted water-gas, and in the 
enriching of coal-gas, is also shipped in bulk. 

Paraffin scale for candle-making is transported in 
barrels, the material being frequently run into the 
))ackages in a melted state ; and paraftin wax is 
packed in cas(‘S. 

Under the bylaws of the "J'hamcs Conservancy, 
l>etroleum s])irit, now almost entirely imported in 
bulk, is landed at Thames Haven, and is brought up 
the river in licensed tank barges. 

Scottish and Other Oil Shales. The 
bituminous shale.s occurring in Scotland (Linlithgow 
an<l Midlothian), France (.Autiiii). New South Wales, 
New Zeidand, Nova Scotia, Servia, and elsewhere, 
yield on destructive distillation, besides ammonia, 
a series of commercial products, including burning 
oil, hihricating oils, and solid paraffin, resembling 
those obtained from crude fxdroleum. The Scottish 
shales usually give from 18 gal. to 30 gal, of erude 
oil to the ton. and in some eases as much as (>0 lb. 
to 70 lb. of sul])hate of ammonia. A rich descrip- 
tion of shale is mined in New South Wales, which 
furni.slicH over 100 gal. of oil to the ton. and some 
of the New Zealand shale is remarkable for the very 
large proportion of solid paraffin obtainable from 
the products of distillation. 

Scottish Shale Oil Industry. 'bhe 
industry has suffered severely from the com- 
petition of imported ])etro!eum ])rodiicts, but 
adversity has In^en met in a manner deserving of the 
highest praise, remarkable improvements in plant 
having been made, and economies effected in work- 
ing costs. In this connection it should be }X)inted 
out that in distilling shale there is an additional 
source of profit in the ammonia obtained with th'^ 
oil, and that of the most valuable of the oil products 
— namely, the solid paraffin — shale oil usually 
gives a comparatively large jdeld. 

Oil sha’e is mined similarly to coal, is screened 
at the mine, and on reaching the works is b:oken by 
machinery into flat pieces about six inches square. 

Shalf^ Retorts. Horizontal retorts, similar 
to those used in coal-gas manufacture, were at first 
ado]ited for the distillation of the shale, but at an 
early date the.se were replaccil by vertical retorts, 
and steam was injected into the retorts to carry off 
the oil vapours. Distillation under reduced pres- 
sure was subsequently introduced, and the spent 
shale was utilised as fuel for heating the retorts. 
The use of steam mereased the yield of oil by 20 
per cent., and by subjecting the shale to a higher 
temp Tuture in the presence of steam after the oil 
had been driven off at a moderate heat, a much 
larger proportion of the nitrogen was obtained in 
the form of ammonia. 

Various improvements in shale retorts were made 
from time to time by Young, Henderson, Boilhy, 
Fyfo, and others, with tlie objects of diminishing 
the cost of working and increasing the yield of oil 
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and ammonia. The retorts at present in use, of 
wliieli one ty|)e is shown in 2, hold about 30 owt. 
and are about 28 ft. in height ; they consist of an 
upper ])ortion of east iron, surmounted by a hopper. 



2. SHALE OIL RETORTS 


and a lower portion of firebrick. They are set in 
benches in a combustion chamber, and are heated 
through the agency of a gas-])roducer. The u}»jM‘r 
])art is heated to dull redness, and the lower to a 
bright, red heat. 

ILetorting The process of distillation is a 
eoiitinuoiis one, the s^K'nt shale I eing gradually 
withdrawn from the base of the retort, and a eor* 
rcs])onding quantity of fresh shale entering from 
the hop|K*r at the to]). About i wen ty-f(»i;r hours is 
occu])ied in the j)assage of the shale f hr 'ugli the retort. 

The vapours issuing from the distilling charge, 
amounting to about 3,()(K) eul)ic ft. ]H‘r ton of shale. 
])ass from the to]) of the ndort into a vertical 
tulx? condenser, where the oil and ammoniaoal 
]i(juor ar<* sejiarated. The uncondensed gas may 
lie used for lighting or heating, or the very volatile 
liquid hj’drocarbons which it contains may Ik* 
obtained by passing it through a scniblxT, and 
the residual ga.s, which then has no illuminating 
}«)wer, is utilised as fuel. 

The ammoniacal li(juor from the condenser is 
distilled, and the lilM*rated ammonia is brought 
into contact with sulphu ic acid, with which it 
combines to form commercial sulphate of ammonia. 

Shale Oil Refining. '1 ’he (Tilde shale oil, 
which is of a dark green cadour, is subjected to a 
continuous ])ro(;ess of fraction il distillation substan- 
tially similar to that already described as a])])li(‘d 
to crude petroleum, and is thus s(q>arated into light 
and heavy oils and })araffin wa.\, steam Ix-ing jiassed 
into the stills in order to facilitate the ojKTation 
and yirevent injury to the products by overheating. 
The light oil furnishes a small proportion of naplith i 
on redistillation, after treatment with acid ami 
f)lkali, the remainder of the light oil consisting of tie* 
burning oil, or paraflin oil, used in lamyis. The heavy 
oil is cooled, so as to causir the solid hydrocarbons 
to crystallise out, and is then pa.s.sed through filter- 
presses, which separate the paraffin from the oil. 

Paraffin. Refining. The crude yiaraffin was 
formerly refined by diH.solving it in the naplitha 
obtained from the light oil distillate, allowing it 
to crystallise out in shallow trays, and pressing the 
cakes thus obtained. I’his method of treatment 
has, however, been su}K‘rsedefl by the “ sweating ” 
jirocess, in which the paraffin is jiumped, in a melted 


state, into shallow trays, supported above transverse 
heating-pijMis in a closed chamber or stove. Eacli 
tray is fitted with a yierforated strainer, of about 
It) apertures to the inch, wdiiiih is covered to the 
depth of about half an imdi with cold water, the 
mt‘lted paraffin floating on this lay(T of water above 
the stiainer. When the yiaraffin has solidified, the 
waiter is drawn off, and the cake of paraffin rests 
on the strainer. Steam is then passed through the 
heating-])i])es, and the femf>eraturc of the stove is 
slowdy anil cautiously raised to the point at which 
sweating takes place. The (*ffect of the heat so a])- 
plied is to cause the softer and more fusible yiortion 
of the paraffin to melt and drain through the strainer, 
(Mrrying with it the impuriti('s, and this yiortion is 
drawn off. The hard yiarattin remaining on the 
strainer is then melted by further raising the tem- 
]M*iMture of the s ove, drawn off from the tray, 
decolorised by agitation for some time with animal 
charcoal and cast into cakes for sale to tlie candle 
makers. 

Yield of Products. The heavy oil from 
which the ])araftin has In^en separated in the filter 
yiresses yields, by further retining. a s(‘ries of lubri- 
cating oils of various syiecilic gravities, flash-])oints, 
and visiaisities. The jaoyiortions of the various 
commercial prodiiids yielded b/ Scottish shale vary 
with the nature of lh(‘ shale and the process of manu- 
facture, but may be taken as ordinarily being about 
3 per cent, to (i ])cr cent, of nayilitha (ini'luding 
gasoline), 30 ]>er cent, of burning oil (including 
gas oil). 18 per cent, of lubricating oils, and 10 ya'r 
(•(‘lit. of ]),'iraffin (refimxl and semi-relined), tlu* loss 
being thus no less than 30 yxir cent. 'J’he loss is 
very large compared with that sustained in the 
retining of crude |)etroleum, and indicates the dis- 
advantage under which the shale-oil retincr works. 
Ih'fore he is in the same yiosition as the yictroleu’ii 
retincr lie has to mine and break the shale and sub- 
ject it to di'structive distillation, and his crude 
oil is far more difficult to refine than the raw material 
with whiidi the yietroleum refin(*r usually has to deal. 
Against the extra exjienditure which this entails 
the }>rotit on the suljihate of ammonia is to be sel, 
and it is tJiis, coujiled with the large yield of ttie 
valuable product, jiaraflin, which has enabled th * 
shale-oil industry effectively to meet tlie com- 
petition of iietroleuni. 

French Shale Oil Industry. In Fr me 

the distillation of shale was l.ejfun as far b;i(*k 
as 18.30, and the French industry is, therefore, 
much older than the Scottish, though it has made 
hss progress, and is of smaller (aunmercial import- 
ance. 'Phe chief centres of the industry are at 
Antun, and Buxicre-les-.Mimvs. The shale yields 
only about 17j gal. of oil to the ton, and Ti ])(*r cent, 
to 7 ]K*r cent, of sulphate of ammonia. The oil 
is fractionated and relin(*d in the same manner 
as Scottish shale oil, but i^ less easily convert 'd 
into commercial products of satisfactory (piality. 
It yields about 3*5 jku’ (lent. of na])'itha. Iff ])i‘r cent, 
of burning oil, 23 per cent, of gas oil, 8 ])er cent, 
of pale oil, 17 ]) t (a*nt. to 18 per (a*nt. of lubricating 
oils, and 2*7 ]>er (M*nt. of refined jiaraffin. The 
industry has declined since the removal of tlii' 
heavy import duti(*s on crude iKdroleiim, which 
formerly pioteeU^d it. 

Australian and New Zealand Shale 
Oil. In New South Wales, a so-called ‘‘ kerosene 
sliale,” resembling (ainn •! coal, has b(H*n mined airl 
distilled sini^e I8ffr). Some of this mineral yields 
over IfftJ gal of oil to the ton. 3'he retorting luis 
latterly been (tarried on near Torbane, west of tlie 
Blue Mountains, and about 130 miles from Sydni'y, 
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tlio crude oil being transported by rail in tank 
waggons to a refinery at Hartley Vale. Recently 
an English company has been formed to develo]) 
the industry on a large scale, and plant for 
retorting and refining, capable of dealing with a 
large output of shale, is in course of erection. 

Rituminoiis shales occur in the upper portions of 
the coal measures of New Zealand, and that which 
is foimd at Orepuki yields a crude oil containing 
a remarkably large proportion of solid hydro- 
carbons. 

The Brown Coal-tar Industry. In 

Prussian Saxony, the destructive distillation of lig- 
nite, and conversion of the tar obtained into com- 
mercial products resembling those yielded by shale 
oil, (constitutes an industry of local imi)ortance. 
The tar is fractionally distilled under reduced pres- 
sure, with the object of preventing the decom- 
position which would otherwise occur, and in this 
manner from S ])er cent, to W per cent, of light oil, 
per cent, to 30 per cent, of lubricating oils, and 
1 ‘.j ]>er <^ent. to 12 per ctmt. of paraffin, arc made from 
it. Jn other respects the process adopted resembles 
that already described us !ip])lied in the refining 
of shale oil. 

Kimmeridge Shale. The extensive deposits 
of shale in Dorsetshire admit of being mined at alow 
cost, and give a satisfactory yield of crude oil, but 
the refining of this oil ])resents exce])t ional difficultu's 
which have hitherto stood in the way of its utilisation. 

Uses of Petroleum. Crude petroleum has 
from the earliest times boon em])loyed as a 
curative agent, especially in cutaneous affections 
of men and animals, in the treatment of wounds, 
and for the relief of strains and rheumatism. For 
pharmaceutical purposes crude petrohuini is no 
longer in general use by civilised communities, 
hut the w'cll-known product vaseline is very 
largely employed, both alone, and as a imuins of 
aj^jdying medicinal s\ibstancea, w'here local action, 
rather than absorption, is desired, its jdiysical 
and clieinieal characters rendering it superior to an 
animal fat for such a purj)oae. 

V'aseline is also largely used as a protective 
coating for surfaces liable to injury from damp 
and ex])osure to the air; and it is an important 
ingredient of the smokeless explosive, cordite. 

In surgery the more volatile products of ]>etro- 
l(‘um have been found valuable as aniesthetics, 
es|)ecially in ])rodiicing local insensibility by the 
cold resulting from ra})id evaporation. 

Petroleum Lighting and Heating. As 

a source of light and heat, petroleum and natural 
gas have been favourably known for ages, and 
at the beginning of the second half of the ])a8t 
e(*ntury the |>etroleum or })araftin lamp and the 
])araffin candle became recognised as among the 
necessaries of civilised life. Indeed, it may be said 
that- no modern article of commerce has done as 
much aa refined petroleum to promote comfort and 
extend man’s capacity for Ica/ling a fruitful life, 
for it has encouraged domesticity and has largely 
increased the number of hours available for study. 
Recognising this, some have even gone as far as to 
say that the progress of a nation in civilisation may 
be measured by the consumption of petroleum 
])Pr head of population. 

3'hc illuminating agent supplied by the gas 
companies is often largely com})osed of carburetted 
water-gas, in the manufacture of which great 
•piantities of petroleum are used. In some of the 
]>riucipal cities of the United States the latter gas 
has, in fact, entirely replaced coal-giis. Volatile 
]>eTroleum products are also used in enriching 


coal-gas, so as to bring its illuminating power up to 
the required standard. 

Petroleum - driven Vehicles. It is 

scarcely necessary to mention the highly important 
]»art which petroleum s])irit is now playing in 
revolutionising the means of locomotion through 
the medium of public service vehicles (motor omni- 
buses) in the great cities, and private 8elf-pro|)eilcd 
(carriages throughout the country. 

The advent of the y)rivate motor-car is directing 
renewed attention to the syjlendid high-roads of this 
country, and is reviving the ancient glories of way- 
side hostelries, with great advantage to the mt‘ntal 
and physical condition of those who arc fortunate 
enough to be able to cmy>loy, wisely, temyHaately, 
and judiciously, this means of travelling in y)lace 
of the railway. 

Jt is w'cll known that the source of y)ower in that 
modern addition to the belligerent marine, the 
submarine, is yietroleum sy>irit, the.si^ vessels being 
y)royMdlcd by internal-combustion motors whilst on 
the surface of the water, and ro(;eiving their stores 
of the elc(;trieity which drives them beneath the 
surfac.e froui the same source. 

An licjuid fuel for use in steam raising foi* ymw^er 
ymr|wses, both on land and at sea, as well ms in 
niotallurgical and other work, y)ctroleiim has now' 
tak(‘ii a nu»st iniy)ortaiit ))lace as a heating agent 
of far higher efficiency than even the best steam coal. 

Lubricating Oils. Th(^ lubricating y)rc)- 
]>ertieR of yndroloum were re(U)gnised at a \’ery 
early date, and one of the tirst ay)y)lications of 
fh<‘ more viscous dcscrijiti ms of this y)roduct 
found on or near th(‘ surface of the ground was 
in the greasing of the wooden axles of y)rimitive 
carts. The manufacture of lubricating oils frojii 
y)etroleum has long since been brought to a high 
degree of ex(a'llf*u(a‘, and such oils have now very 
largely reyffaced the animal and vegetable oils and 
fats y>reviously emyffoycd for the y)ur|)ose. 

There is a large cons\unption of the softer and 
more fusible kinds of paraffin for rendering wooden 
matches readily intiainmablc. Paraffin also is or 
has Ix'cn used in waterprooting match-heads ; in 
strengthening and water|)roofing woollen fabrics ; 
as a “ resist ” in dyeing, the jmrts of the fabric 
coated with it rejecting the dye ; for lining brewers’ 
vats and l)eer barrels ; for y)rcscrviiig stone, wood, 
eggs, meat, fruit, and flowers ; for glazing, pro- 
tecting, and watery>rooling yxaywr ; as an adjunct 
to starch for glazing linen ; as an auxiliary to soa]) 
for laundry w ork ; as an electrical insulator ; as a 
.substitute for fat for absorbing y»erfume from 
flower yxitals ; and as an easily- moulded material 
in making ship models. 

Petroleum in Soap Manufacture. The 

detergent yiroywrties of yietroleum account for its 
extensive tntro luct ion into household soayis. Petro- 
h»um is also the active ingredient of certain insec- 
ticides. Petroleum spirit is largely emyffoj^ed in the 
])roce8s know'n as diy-cleaning ; in the? extraction 
of grease from leather ; as a solvent for various 
y»ury)Oscs, and esyK*cialIy, in a carefully y)rey)ared 
form, as a substitute for oil of tur].>cntine for use in 
making yaiints and varnishes. 

Among other uses of yx'troleum may bo mentioned 
those of ore-concentration, and the removal of 
fusel oil from crude molasses syiirit. 

In the form of “ westrumite,” and other pre- 
parations, petroleum has been successfully cmy>loyed 
as a dressing for road surfaces t-o y^revent disin- 
tegration and the raising of dust, its slower rate 
of evaporation rendering its action more lasting 
than that of water. 
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Many patents have been grant^nl for the solidi- 
fieation of petroleum, ebieily with a view to the use 
of the product as a fuel, either alone, or in admixture 
with eoal-d\ist or other combustible substances, in 
the form of briijuettes. Among the solidifying agents 
which have been spec ified for this use are resin soap, 
exti'act of ciuillaia bark, lichen extract. I sh glue, 
casein, and glue (with formalin as a hardening agent). 

A ]>rodiict known as soluble |>etroleum is prepared 
by ])artially sa])onifying resin }>reviously dissolved 
in the oil, cr by blowing air through a mixture of 
resin oil and caustic soda solution, and adding 
to the jelly-like mass thus obtained an aqueous 
solution of a fatty oil soa]» and mineral lubricating 
oil. The product is intcauled to be employc'd, in 
admixture with water, as a lubric^uit, esjH‘eially 
for tools used in boring and cutting metals, and 
is stated to have given excadlent results. 

Petroleum as an Illuminating Agent. 
Petroleum or paraffin lam])s are usually fitted either 
with a single or du])lex Hat- wick burner or with an 
Argand biirin'r, the* former being more largely used in 
(ireat Hritain and America, while the Argand, 
or annular wic*k type, is more popular on the 
Continent. 'Phe latter type of lam]) is provided 
with a central air-su|)j)ly cdiannel, sometimes 
extending down through the oil-container to the base, 
and a disc or button is usually fixed at a short 
distance above* the tc>]‘ of the wick-tube, so that the 
u[>ward (“urreiit of air induced by the heated chim- 
ney is deilected outwards and caused to imj>ing«‘ on 
the inner surface of the flame. Air is also supplied 
H<‘])arately to the outer surface. Kurners of the 
du])lex type are usually fitted with an extinguisher, 
which is sometimes arranged to come into action 
automatically in the event of the lam]> being over- 
turned. 

In one form of lamp the ])etroleum is vaporised 
and the vapoiu* is conducted into an inverted Argand 
burner ; in another a mixture of ])etroleum vajiour 
and air, burning with a non-luininous flame, is 
eni[)loyed to heat a Welsbach incandescent mantl *. 

A given amount of light was formerly obtainable 
from mineral oil at a much lower cost than from 
gas, but the general use of the ineandeseent mantle 
has so largely added to the efficiency of the latter 
illuminating agent that the coin])arative ])ositions 
in respect of cost have l>een reversed, unless a mantle 
be also u.scd with oil. 

Petroleum Lamps. I’he subject of accidents 
with mineral f)il lam])S has in ])ast years attract<*d 
( onsiderable ;itt<*ntion, and it has lK*en eon tended 
that the rnitiimum legal flash-point of 711 F. should 
be raised to KK) F. in the interest of public safety. 

Formerly all lamp aecidents were described in 
the newspa])ers as exjtlosions, but investigation has 
shown that at least 7o per cent, or SO per cent, 
of them have f>een due to the overturning or 
flropping of tin* lamp or tf) its fracture from some 
other <ausc. Jn fact, with a properly eotjstructcd 
lamp, and with ordinary tare and intelligence in 
its use, an explosion ought never to occur. 

In choosing a tabic lain]) the ])ur(diaHer should 
note whether it has suffi< ient stability, or. in other 
words, wdiether it is easily upset or not. If the 
lam]) has the usual ]) 0 {lestal its attachment to the 
oil coiitaim‘r should h«‘ substantial. I’heoil (fontainer 
should he of sufficient strerjgth to w ithstand a hill 
from the h<*ight of a table on to a bare wooden 
floor without being broken or allowing the oil to 
eseaj)e, and, notwithstanding the merits of glass, 
it is safer to have a w(*ll-made container of metal. 
Tlu* burncT should Ik* Ke(mrcly attached to the oil 
container, an<l there should be no op(*ning in it 
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by wdiieb flame can communicate with the interior 
of the oil container. The burner should admit of 
being taken to pieces for cleaning, and it should be 
fitted with a good, substantial chimney gallery. 

The Use of a Lamp. In the care and use 
of the lamp, the follow'ing should Ik? borne in iniml : 

1. The w ick ahmild qiiile 1111 the wick- tube without haviu;j- 
to be squeezed iut(» it. 

2. Before usin*;, the wick sliould he dne<l at the tire, and 
the)) iiuniediutelv soakt'd with oil. 

a. Wicks should he in letiy:ths of not more than 10 in., and 
shoidd always rea«'h the hottom of the t)il container. 

4 It is well to ehaiitje the wiek after two months' use. 

r». See that the ehinme.^ of tin* lamp fits jtroperlv, and is 
held snttieiently tiirht so as not to fall off when tin* lanqt is used. 

0. When a new wick or eliimney is re<|niri‘<l, it is ahva\ s 
advisai)le to take tin* hnnier to the shoj) so that it may In* 
prtqierly fltttul. 

7. The hurner should he t.iken to ])i((*es and thoroujrhi.x 
clean.sed at least once a motilh. and all Imrnt jiieces of wick, 
dead Hies, etc., should he carefully remox ed, 

K. Never refill the lamp when it is ali^lit or near a fire or 
other liirhl. 

0. After fillirm^, .see that the luirner is properly fixed on, and 
if there is a side lilliny:-hole, he careful to screw in the pin*;. 

10. Before liirhtimr, rennn e Die hnrnt crust of the wick. 

11. Be careful not to s])!!! oil in filliii;;-. and if a?i.\ is sj»ilt 
on the lamp, wipe it oft. 

12. Before lijrhtinit, st'e that the slit in the cone of the 
hnrner is e.xuetly over the wick-tnhe, so that the fiame will 
not touch the metal. 

12. When first lit, the wick should he jiartially tnnuvl 
down, and then jjrradnally rai.sed, ])ut not ho as to smoke. 
When the e<lge of the fiame is oratiy:!’ coloured (he lamp is 
n<»t hurjuii^f i»roperly, and the hurner should he examine<l. 

14. l>o not eoiitiuue to hum tin* oil until it is comi»k‘tely 
exhausted. It is best to kee]» t he lamji well filled. 

15. I^amps which have no ext inuiiisher shouM he ]tut otii, 
tinis : 'I'he wick should he tunieil dowt) until there isoniv 
a .small fliekt*rinif flame, care heiiiy: taken tn»t to ttirn tlowii .s > 
far that the wick tails into flu- oil contaiuor. 'I’he small fisime 
may he exlin<;uished hy |»la( iM-^ a j)iece of fiat tin or ctinl on 
tlx* top of the ehimtH*y or hv t)lowiM^ a(To.s.s the toj) of the 
chimney. .Never hlovv down the (*himne\. 

16. Never use a lamp which is broken or in any way out of 
order, or a cliimtiey which is cracked. If any }»art comes 
loose, or is out of sha]»e or defective, it should he tak)’n tn 
a lamp shop to he n*pjiired. 

17. Alwa.vs phu'c the him]) in a. secure place, and on a level 
surface, ami never on a rickety tahle, or in an.\ position w'here 
it could he easily upset. Ilautfin;;: lauqvs .should not he put 
on insecure nails in the wall. 

IK. Table lam})s should not he carried about more than is 
neee.s.sar\ , ami nothin}: els*- should l)e carrieil at the .same 
time. Heav\ lam])s should he carried in both hands. 'I’he 
}:reater mmiher of lamp accidents hav i* been caused by dr»)])- 
])iny: a lain]) wiiile it was heinj: carried. 

10. Lam])s should not he t urned down exce))i for tlM‘])ur- 
j>ose of |)Ultin}: them out. If turue<l low, the oil is liable to 
lit? uDfluly heatcfl. 

20. Should a ])ersorrs fh)th('s heconu ij^niied, the flames 
should he smothered with a hearth-ni}:, blanket, woollen 
tablecloth, or wet towel. 

21. Never jMuir oil on a fire. 

Outdoor Lighting. Vurions s])ccial kinds of 
l trn])S arc u.scd in ihc o])CFt air. For use on shi])H 
and on the n)l'.ing-slock of railway.s if is n(*ccssary 
th.it the ljini])s shall be constructed sf) that the air 
siip])ly is not affected by the force of the wind, and 
that wjiter cannot gain (‘ntrance. In tlje lighting 
of large area.s tl tiring hitilding and engineering 
o])(‘rations, extensive ii.se is made of lam])s of the 
J^iK-igen and Wells tyjK*, in whieli the oil is 
forced ii]) from a elosed reeeiver hy eom])resKed 
air and H])r{iy(*d througli a he;it(*d burner, a light 
of 2,(K)0 to 2,000 candle-power being given. In the 
Kit.son lanij) for streel lighting eoni])resHed air is 
also used to rai.se the oil to the Iiiirnei, where it is 
vaj)oriHed, and hy means of the fhimo thus obtainetl 
a large mantle is heated to ineandeseenee. A light 
of I,(K)0-cundle ]»ower is thus ])roduer*d at the very 
low cost of Id. per 1,000 (uindle-hours. This rejin*- 
Bents the highest etronomy hitherto obtained in the 
ii.se of mineral oil, and eom])are.s with 2id. for the 
ineandescjent table lani]), or 7jd. for the dnj)](‘ v 
lamj). The same amount of light obtained from 
coal-gas on the pressure incandeseenco system (with 
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which the Kitson syslem of oil liurninf' Ih fairly 
corn])arablo) probably costs, on the average, about 
l;,hl. ; witli the ordinary inoandesijcnt mantle as 
used in dwellings, 2|d. (the same as oil); or with a. 
fish-tail burner, about Is. (id. The eomi:)arative cost 
of incandescence electric light may be put at Is. 2d. 

Airngas. To some extent in this country, and 
far more largely in America, air saturated with the 
vapour of ])etroleum spirit is employed as an 
ilhmiinatmg agent under the name of oir-j/a.?, and 
v.iriouH niech initail devices are em])loyo 1 to elbet 
uniform saturation under varying conditions. The 
air-gas may be used with ordinary gas-burners, or, 
after admixture with a further quantity of air, may 
be burned under a mantle. A portai>le lain]) has 
b(‘(‘n introdue(‘(l in which the spirit is absorbed by a 
})orous material and gradually vaporised, tlie heavy 
va])our Howing by gravitation to the burner and 
thawing in th(‘ air retpiired to produce a non- 
luminous flamt' for heating a mantli\ 

Oil lo order to ])rodu<a‘ a ])ermanent gas 

of high illuminating ])ower (oO candles) ca])abh‘ of 
Ix'ariiig (■om])ression to 10 atmosph(*res, for use in 
lighting railv'ay trains, buoys, and lighthouses, a 
suitable dcs( ri]»tion of ]»etroleum is slowly introduced 
into a retort maintained at a cherry-red heat. 

Carburetted Water - gas. A 
similar d<'Scri])tion of oil is also v(tv 
largely used by the ))rincipal gas eom- 
])aui(‘s ill the manufaetun* of carburetted 
water-gas, and as a substitute for eannel 
coal in enriching coal-gas. In the bowe 
syst(‘m, used in Kuglish gasworks, water- 
gas is formed by blowing steam 
through ineand('seent coke or anthra- 
cite in a generator. This gas is 
jsissed through a su]»erheater, where 
tlie oil is added, and the mixtiu<* 
of oil-vapour and water-gas is then 
taken through another superheater 
of large size in which the hydro- 
carbons an* eonviM’ted into pei- 
nianent gas. 

Natural Gas. Certain ])or- 
tions of the iielroliferous lerritorh's 
of the Cnited States yields natural 
gas of an estimated aggre'gate annual 
valu(‘ of about ,‘1(),()()(),(KK) dollars, 
and this gas is used for lighting and healing, as 
w(‘ll as in th<‘ inanufaetnre of lamp-black. 'I’he 
gas may usually be burned wifli an Aigand or lisli- 
tail burner, but the best n‘sults are obtained witli 
a mantle. For some time, natural gas was used to 
light tlu^ railw'ay and town at Heathfield, in Sussex. 

Liquid Fuel. ( Viuie ])elr()leum is largely used 
ill the oil-fields, for steam raising, and in ridineries, 
as a m(‘ans of heating the stills ; but the ])resenee of 
very volatile constituents is a source of risk in storaire 
and handJing. A<;eordingly, eitlier pi'troleum resi- 
ilmim, W'hieJi remains in the stills after the se])ara- 
tion of the kerosene from such crude oil as that of 
the Fiissian oil-liidds, or a suitable distillate, with 
a specilied minimum llash-f)oint, is enijiloyed on 
stvamsliipH and locomotives, as w'ell as in most 
industrial establishments wdierc liipiid fuel has 
ta,k(*n the ])laee of coal. In the Jlritish mercantile 
marine the minimum tlash-])oint is 150 F., but for 
use in the Navy, liipiid fuel is required to have 
a tIash-]ioint of 200 F. It is also needful that 
the oil should bear ex] insure to a low tem]>eratui’e, 
say 32 ’ F\, without solidifying. 

(^n the (.\is])ian Sea, and on the railways of 
Southern Russia, petroleum residuum (ostatki) is 

Petroleum concluded ; 


the sole fuel ; and in California the consumption of 
liquid fuel has reached very large dimensions. It 
is common knowledge that the liritish Admiralty 
have ado})ted oil fuel as tin adjunct to cotil in tlio 
modern battlcshijis and tirmoured cruisers. 

Oil fuel is also not only largely used in tlu^ 
furnaces of stationary steam boilers, but is giving 
high'y satisfactory results in metallurgical work, 
glass melting, etc. 

The oil is usually burned by spraying or atom- 
ising it by nutans of stciam, but in some cases 
is broken up into small particles by forcing it 
under high pressure through a small orifice. The 
Holden burner, employed in this eounlry on tlie 
locomotives of the Great Eastern Rtiilway, is 
shown in 3. The oil is admitted to the interior 
of the eoned body AA through a regulating 
valv(\ BU. 'riio annular steam jet D is provided 
with a central air-]>assage. CC is an annular 
eliamber to which steam is admitted, and from 
which it escapes in ji‘ts through six small oriliees. 
E and F are wheels by means of which the valve-; 
controlling the sup]»ly of fuel may bo oyiened 
or closed. The cock G regulates the sup})ly of 
steam to ( '( ’. 'Die burner is fixed in the front of the 
furnac(‘, and the intensely hot tlame is 
dineled on to a slo])ing bridge of firebrick. 

Petroleum Engines. Reference has 
already been made to the extemsivc use of 
]K*troleiim s]>irit in internal - combustion 
engines for the ])ro]>ulsion of road vehicles 

and boats. A less volatile desori]>tion of 

])etroleum is also very largely em])loyed in 
station try motors, wliiidi in many instances 
have re])la(ed steam engines and gas 
engines. In steam engiin's 
of moderate dimensions only 
12 ])er {X*nt. of tlie h(*al- 
valia* of the fu(‘l bnrm‘d in 
the boiler furnaet' a]»pears 
ill the engine as indicated 
work, whereas, in llu‘ in- 
tcaiial - (‘ombustion engine, 
the ])io})ortion of heat 
rcmltaasl effective is, in 
many eases, more than 
ilouble that percentage, and 
n one ty]»e of engine is as 
high as 37 per cent. Tlie siqierior economy of tin* 
oil engine is therefore very marked. Preference is 
generally given to those t'ngines in which one ex- 
])losion oeenrs for each two revolutions of the crank- 
shaft. The first forward stroke of the jiiston draws 
in the explosive charge of oil or oil-va]>our aii l air, 
and the return stroke eonijiresseK it. During the 
next forward stroke, the ex]>losion drives the ])ist on, 
and on the n'lurn stroke the ])ri)duets of eonibus- 
lioii aretliseharged from the cylinder. The Piiest- 
nian, Hornsby- Akroyd. Trusty, Taiigye, and Diesel 
engines may be taken as ty]>ical of the principal forms 
of oil-motors. The Pi iestniaii engine is fitted with a 
spray-])r(Klucer, as well as a v jioriser, and thecliarge 
is ignitcfl by means of an electric s])ark. In the 
Hornsby-Akroyd engine, the exjilosion iseffeeted by 
injei'tiiig the oil inio a nsl-hot chamber, into which 
heated air is forced by the piston. In the IVusty 
engine, the oil is va]>orised and the charge is fired by 
iiKMiis of an igniting-tube maintained at a red heat. 
Till* Tangye engine also has a va]ioriser and an 
ignition-tube. In the Diesel engine, the air 
admitk>d to the cylinder is heated, by very high 
compression, to such a temperature as to cause flm 
iiniuediate combustion of the injected charge of oil. 

follotved hy Pafer-makinii 
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The Manufacture of Silk Hats. Body-makingf. Finishing. Shaping. 
The Cutting and Making of Various Shapes of Caps. Straw Hats 


SILK HATS 

The silk hat was first man u fact urod in France, 
and its introduction into England was at first 
conchuted with groat secrecy, especial care 
being taken to prevent anyone seeing the process, 
except those whom they had undertaken to 
teach “ the art and mystery of silk-hat making.'’ 
However, at the prt>sent time the journeymen 
silk-hatters of this eountrv are as skilful as any 
of their foreign rivals, and the English -made 
list holds its own in the markets of the world. 

The variety of sha])es ip the crown will not 
be dealt with, as tlu'V alt<‘r and change so often, 
but the various curls and shapes of the brim 
will occupy a prominent place. 

The first article to be made is “ proof,” which 
is com])osed of b(*st orange shellac (‘2 parts), 
button shellac (1 part), let down by ammonia 
( \ lb., to every 8 lb. of shellac). 

The Foundation of the Hat. The 
foundation, or bcnly, of the hat is made from 
calico of ditferent 
strengths dippwl in 
the “ proof ” and 
stretched on frames. 

First of all we take 
the brim, whi<‘h, 
l»eing the strongc^st, 
takes the longest to 
dry. After the 
“ proof ” has been 
thoroughly cooked, 
take a frame about 
5 ft. by 3 ft. 0 in. 
talong the woodwork 
of which are a num- 
ber of nails with large 
In^jwls and the points 
protruding on the re- 
verse side about 
in., with 5 in. be- 
tween each nail. Then put the calico. No. 10 
or D, in the proof and thoroughly saturate it, 
taking care in every instance that all parts 
have al>sorbed some. 

It is not absifiutely necessary that this should 
l)e so heavily charged ” with prcH)f, so draw 
it through the hand. Stret-ch it on the frame 
and pn^y)are a stronger calico “ twill.” This 
must bo charged with proof more than the 
previous one ; in fact, it should be left as full as 
pf)S8ible without running. fStretch it on the 
top of the fold already on the frame, taking 
care to squeeze both t/Ogether with finger and 
thumb at every nail. Then rub with the flat 
hand, so that the ])roof of one will adhere to the 
fold of the other, taking care to begin at 
the centre and work outwards. The reason for 
this is to prevent any air between the two 


“ plys,” wiiich would prevent their adhesion. 
As this is an important factor in the manufacture 
of a good sound brim, special care should be 
exenised. These two plys are followed by 
other two, put on in the same manner, the 
frame to be turned toy) to bottom after each 
“ yily ” is put on to y^revent the proof from 
running to the Imttom of the frame if key^t in 
one y)oHition too long. Now" we are ready for 
th(‘ drying prm'ess. Heat plays an important 
}>art in the imwking of the body, yet, w'hile it 
should be dried quickly, it should not he scorched, 
for a scorched i)(>dy never wears well. There- 
fore the best y^lan is to dry in a hot stove, but 
away from the fire that heats it. The crown is 
then diyiped in a similar way, but only one ply 
is ymt on tin? frame. 

The BlocR. The block is made from wood 
and shaped according to the fashion ; some 
“hell” more than others, whilst some Jire called 
tay)er or straight crowns. Thc^ block is made 
in five pieetis, the 
two largest being for 
front and back of 
bat, whilst one is 
yfiaced in position for 
each sidt? and the 
whole is fitted 
tightly in the hat by 
a centre pie(;c. gnifl- 
uating from tip to 
head y)art. 

Take a strip of 
calico about 8 in. 
dec']) and measure 
twice across the 
length of the f)l(>ck 
and once a(*ross th(^ 
width ; cut, and 
fasten the ends 
together by laying 
om* .about ] in. or yi- in. over the other and 
running a warm iron (jver them. Do not 
have the iron very hot or it will harden the 
seam. JMarc* the front and hack yiiect^ of 
the hl(»ck inside the foundation, allowing J in. 
over tiy) ; ymt in the tw"o side yiieca^s. It will 
be seen that the “ foundation ” appeal’s too 
small, but a gradual warming will allow both 
the sides and (centre yiiece to be put in. Round 
two sides of the centre piece put a y>ioce of 
brim stuff U) make thi^ liat a little larger. This 
” pa(^king” is to .allow for a shell w hich is used 
at a later stage. 

Stretching the Tip. For the next calico 
requirexl it is necessary to dip a piece in spirit 
proof, which is best orange shellac dissolved 
in wood naphtha and called varnish. Having 
dipped the calico in the varnish and dried 
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it, out it into fltrijB of about I in. and 
place I in. on the aide crown fi'om the tip, 
fasten with a warm iron and then iron the 
(►thor } in. on the tip of the block, (^ut level all 
round. Take another piece of foundation and 
fasten on the edge of the tip, stretching by 
wanning it, then cut round with scisRors. It 
is necessary to stretch the tip, for, if allowed to 
be fastened slack, it will sink, and to prevent 
that the tip is strek*hed to its utmost capacity 
by warming it and then fastening it to the 
t^dg(?s left over from the foundation. 

A large mug or tin containing waterproof 
placed on the l>ack of the bench is ncc(‘Hsar>% 
also a brush after the same pattern tis a large 
paint-brush. With the bnish apply a coat of 
proof to the tip and stretch a piece of ])lain 
calico across as in the manner described lu fore, 
and again proof ” it, to make it adhere t^» tht^ 
juevious portion of the tip and form one solid 
substance. Take another piece of the calico, 
which has b(‘cn di))pcd in spirit, about 1} in. 
wide, and iron it round the tip in the same 
mariner lus the previous one, placing about J in. 
on the side crown and the r(*st on the tip. 

Fixing the Brim. Take a brim, size 
1*1 in. by 12 in., ])lace it flat on the bench, 
and arrange the head part of the blwk in the 
centre and mark witli a knife — or anything 
with a p(»int — round by the block. lio not 
cut, but simply mark. With a pair of scissors 
cut out th(^ centre, allowing alxmt I in. inside 
1h(i mark. A w ooden frame, called a sunk frame, 
lunause the wood is hollow'cd out to allow 
the block to fit inside, is now' recpiired, the 
right d(‘])tb being got by placing pieces of wood 
underneatli the block and allowing I in. for 
th(‘ thickness of the brim. With a hot iron 
thoroughly soften the portion inside the mark 
{iJi(*adY made, and then smartly ]ndl over the 
ti]) of the hUn'k as far as ])os8ible. With an iron 
dummy ]rress it as liose to the frame it can 
b(^ got, making sure to have some portion of the 
brim \i]) the side, crow'ii of the liat, which must 
be ironed tcgetlu^r a little portion at a time, 
and tol lowed immediately by the dummy being 
pr(‘t>sed on the por tion ironed. Sides should lu‘. 
d(m(‘ lirst, then back lind front [ IJ. With a knife 
cut. or ])arc away a ]>ortion of the brim which 
now' adhort's to the side crowui, taking care not 
to cut the other portion of the brim, but 
‘‘paring” it gradually thinner towards the top 
so that it will not appear- thick and bulky. 

Take the < entrc of brim, already cut out, and 
split the four folds a^rart ; cut tw'o pieces, 2 in. 
by I in., from one of them and iron on(^ on front 
and the othi^r on the bai-k, ^ in. on brim and 
i in. mi sid(^ crown. Cover that pitH*e with a 
larger on(5 ironed on in the same manner. Iron 
c. spirit ” robhin ” round the bartd of Ibe hat, the 
same width as the previous one, to fasUui the 
br im and side crown more firmly. St'o the hat 
is the (*xa(d/ depth ; take it out of frame, and 
( ut aw ay the corners of the brim. 

With the brush ap])ly a coat of pnmf b) the 
s:de crown, taking care not to miss any portion 
of it; then take a pie(‘e of fine muslin about 
8 in. wide, beginning at the centre of side with 


the body seam on the right hand, and pull it 
round whilst the proof is wet so that the calico 
will adhere to it. When covered, (mt off, take 
up the end first laid and lay the left side of 
seam over right ; with scissors cut the calico 
over the tip with the exceptitm of } in., w'hich 
must he ironed over. The remaining portion of 
the calico must be put on the tip — after it has 
been prooh^d — in the same manner as the 
previous one ; then e.an^fully cut olT all romors 
and apply another coat of proof to all jiarts of 
the body, the brim included, and place in strove 
to dry. Again “ pixiof ” it whilst warm ; let it 
cool and then pull block out. Another coat of 
proof must now bo applied, and allowed to diy 
without the block being in the body. 

The Ironing Process. It is now rt^ady 
for the ironing or smoothing process, for up 
to the present it presents a rough a))jM^ar- 
anee. First cut away closely with a knife 
the foundation from underneath the brim ; 
j>laee inside a shell or felt body (self colour), 
making sure that it tits the tip closely, and 
jnit in the hack and front pieet^s of the block. 
Next fit the side and centre* pieces, neither 
of which will go into the bottom at fimt, hut 
after an a])t)licalion of gum, powdered in a rag, 
and a slight application of vegetable wax, the 
front part can he ironed over until qiiitc^ smooth 
with a clean hot iron, follow'(*d immediately 
with a cool iron dummy to set the heated part. 
Knock the side pieces a little further down and 
repeat the operation to the hack of the body, 
w hen the block w ill easily go in with the exee})- 
tion of the packing pieces, which arc not iiced(*d 
now' that the shell is in the body. The remain- 
ing portions of the body are now ironed, includ- 
ing tip, making sun^ that all the seams aie 
pressed down, until it has a smooth, level surface ; 
then let it cool, tip dow'nw'ards. 

Next get a brim frame w'hich di tiers from the 
one previously mentioned, as it has no portion 
cut away for block, but has two pi'gs fittt^d in on 
which is placed a brow' the size of the hat, and a 
piece of felt covering the W'hole frame. Iron the 
underneatli of the brim on a plate fixed in the 
bench and shajied to the oval of the hat ; then 
immediately })laee it on the frame, iron it well, 
and again rt‘fH*at the otK'ration on the underneath, 
following it with the cool iron dummy, both on 
the underneath and also on the top side of brim 
when on the frame. Iron lirst one side then the 
otlu'r, followed in order by back and front, 
making four distinct ironings for the brim. 
When well ironed it is ready to be varnished 
before bi'ing handed over to the linisher, w'hose 
work it is to place tin* silk on the* body. 

Finishing. The tools required for the finish- 
ing process are these : Irons (1 pair), dummies, 
1 concave iron, I flat iron, 1 concave W'ood, 1 flat 
wt)od, wire cards (I tip, I side), brushes (I hard, 
1 soft), vehiros (1 rough, 1 velvet), scissors 
(1 seam, 1 crooked, 1 ordinary), sponge, stirrup, 
W'oollen patch, half block, tip block, brim frame. 

Finishing is the art of sticking and retaining 
the bright colour of the plush. The body, after 
it has left the bodymaker, receives two thin 
coats of varnish. The plush is stuck to the body 
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by means of cold water sponged on the plush, 
then a warm iron being lightly passed over, and 
thus a steam is creaU;d. This steam enables the 
plush to stick to the body. The finisher fits tho 
cover on the body the reverse side up ; then he 
measures and marks with chalk the exact line 
wdiere the seam must be cut. Tlie selvedge side 
will be on the right-hand side. Mark J in. from 
selvedge, then pass left-hand side over, and mark 
to correspond. Take cover off and apply a coat 
of proof on back of plush 1 in. w'ide 
over where the seam has to be cut. 

This stiffens tin; plush, and will 
stop it from threading. 

When the proof is diy, take cover 
in left hand and brush back the 
nap on the t-op of the seam ; place 
cover on bench, and apply w’ater 
on the plush ; j)ass iron over and 
card back the nap. When w'cll 
carded, back iron till dr^^ Tlnm 
cut w’ith scissors down chalk line 
and cut selvedge sidt'. Take th(‘ 
plush for brim, damp on the back 
side, and pull out wuth lingers w ider 
and shorter. This takes the stiff- 
ness out of the plush, and enabU's 
it to fall into the band of the hat easier. When 
dry, pass round outer edge of brim, and stick 
w'ith cool iron. 

Now get brim frame on patch or f(*lt, as used 
in brimming body, and jmll into j)osition the 
plush w'ith stirrup, care Ixung taken to pull 
out all the pleats. Then sponge, brush the nap 
straight, and pass iron over. The brim is usually 
pulled in at four separate times, first front and 
back, then sides ; w^hen stuck, (?ut w ith crooked 
8cissors,carc Inung taken to cut th(^ 
brim plush ^ in. uj) the side crown. 

Now' j)lace body on tip block and 
fit the cover; pass sponge over, 
and stick to}} of seam first ; w'hen 
seam has been securely fixt^dpass 
tip card over the stitching. 

Sticking the Cover. Stick 
the tip in position, care being 
exercised to have all the stitching 
on tip ; do not allow' it to drop 
on th<* side crown. The nap will 
then b(‘ across the tip from 
left to right. This must now^ be 
carded round to iht; centre. 

Damp the plush with sponge, 
pass warm iron over, and card tlui 
nap round while the steam is 
rising. Again apply water, iron, 
and card, and the nap will now' 
hi' in position round the tip. 

Phuje hat on half block (w'hich must be 
covered with three or four layers of felt), stick 
the back of hat first, working tow'ards the 
seam. See that the right-hand side of seam is 
well stuck. 

Bring the scam tog(5ther, and stick about 1 in. 
at a time. Brush the nap back to its right position 
over the scam, and stick remainder of hat ; 
brush well, apply a coat of cold water, and card 
the nap straight. Water the tip. and bring nap 


well round to tlic centre. When dry, brush the 
glaze, and the plush will now' have a dull app<^‘ar- 
ance. For half-blocking, use a w arm iron and go 
round the hat tw ice ; the first time will bring the 
colour back, and the second time get the hat round 
[3]. When half blocked place a paper cap on 
side crown. To cover the underside with merino, 
apply a coat of varnish, and brush the merino on 
while wet. Cut merino J in. from band, and stick 
it down side crow'ii ; run iron on the top side on 
brim frame, and the hat is finished. 

There are four points to be re- 
membered: (1) when the hat has 
been w'anned w ith iron, dummy till 
cold ; (2) plush to be well stuck on 
body ; (3) seam and stitching to bo 
pressed well down ; (4) the bright 
colour. 

Shaping. The hat is now' 
ready for the shapeu*, whose duty 
it is to make a curl and set the hat 
to its proper shajK'. This branch has 
been justly ealltKl the “ artistic 
branch,’' for the appearance of the 
hat dt‘|Hmds to a great extent upon 
the shaper. A variety of curls and 
sots arc dealt with by the sliajKU', 
which, more or It'ss, lends to the attractiveness 
of the hat. Space, however, forbids us to d(‘al 
with mort* than the principal shapes, for the 
others arc but a distinguishing feature, while 
the workmanship is on similar lines, except 
in detiiil as to the size, etc., of (Uirl or s(‘t. 
We will deal with a J-in. roll, which is the 
common size of a curl. 

First place the hat tip to plank, with the 
front facing you ; then get the centn^ by placing 
fing<^r and marking jilush on top 
side of brim ; turn tho hat round, 
and perform tJio sauu‘ o|>eration 
with the back. Then pJaet* tin* 
Iiat brim to plank, with the 
C(‘iitr(* marks exactly lev(‘l from 
left to right. Warm the brim 
w'itli the iron until it is just bend 
able, run flat plough over the 
warm part ; IIkui, with a piece of 
plush beiwt'en thumb and lirst 
finger of left hand, pinch the <*dgt^ 
of brim ujmards, beginning about 
I in. from tlu; mark on right band, 
and finishing about the same dis- 
tance from the left-hand mark. 

The machine or roll brass is 
now' us(^d by running it along the 
brim and gradually turning it over 
to the required size [2]. (Ireat 
(;are must be exercised in order to 
ensure a vejy even and symmetrical curl, and the 
brass curler must be kept flat along the plank, so 
that the curl can fit perfectly in the groove, An 
even and jwrfect curl is largest in the centre, 
tapering smaller at the shoulders. It is easy to 
understand that if the same pressure is exerted all 
along the brim, the result will be a curl one size 
from bt^ginning to end ; but that is not what is 
i-equired. Therefore, a gradual pressure and release 
of same, whilst the brass is in motion, obviates 
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that, and makes the shoulders or ends consider- 
ably smaller than the centre. Having made tlie 
curl th(; required size, the brass or machine must 
be removed, and under the curl is placed a. 
“ ro|Mi ” or “ roll pad,” whilst the brim is warm 
and pressed on the “ ropci ” with a grooved plough. 
This ‘‘ ropt^ ” or pad is made from calico {>r tissue 
pa|Kir, the former preferred, as it lasts (considerably 
longer. The curl is now really shap(^d, but to 
pr(‘vcnt its losing its rotundity it must be iroiu'd 
along the top e(^(c, wliich will produce a shiny 
surfa(c(c on the iiuTino. After sullicient ironing, 
the grooved ])lough again conu's into use in 
precssing and k(Mcping it to the shape of the ropes. 
When th(c rojK* is removed, a perfectly formed 
curl is the result, but to ease tlui setting of the 
hat it is necessary and (*xjK‘dient to round the 
brim. To do this succtcssfully it is impecrative 
that gneat care should be ex(creised. 

(let a piee(* of swansdown, about 12 in. by 9 in., 
and place it on tin* merino (with tip of crown to 
plank) ; then tak(‘ a sponge and damp about 
1 in. wide from the curl ; rub over with th<‘ iron 
a few times, when the steam will have sufticicuitly 
warmed the brim to make it 
pliable. With first finger well 
under curl and thumb on the 
merino side of brim, pull round, 
beginning at tlu' farthest point 
fi’om you. As in curling, so in 
rounding, the gr('aU*st rounding 
should be in centre, ta|M‘ring to 
each end. This will heave the 
front and baick of brim t>crf(ectly 
Hat, and, afUcr ('urling both sidtes, 
the fronts can be put in. Placet* 
hat on tip, wdth the curls parallel 
to you, theen gently rub thee iron 
along the inch or so of brim that 
has not yet Im'cii tomched, until 
it is Ixcndable ; pinch it as in 
curling, joining the two curls 
together, get the front groore, and 
work it along until the front is 
l(*vel. Care must be taken to sec that the (*iids 
of the (mils are (evenly joined togetlmr by the 
front, and after front and back have be(*n ])ut in 
the hat is curl(*d, but not (pnle finished, for you 
will observe that the edges of the curls arc* rough. 

Paring the Curl. To put a perfect finish 
on the (eurl it must bee ])ar(‘d or chipped. First 
get a knife — one* ma(l(e from an old razor is best 
as it lasts longer — which must be shaped and 
cut out at the front and back, leaving it veiy 
small and level. With a ])ai'ing .machine the 
sid(‘s must be cut make the (^dg(?s smooth and 
both curls eiiual in size. It will be seen that the 
plush and merino make the curl look ragged and 
v(ny untidy, but the knife run under or along 
the edge of the curl will remove the fom\er, whilst 
the latter may 1)0 (deared away by the ust) of 
scissors. A piece of fine sandpaper run along 
th(* edge of the curl will mend it in appearance. 
The liat is now placed on a “ horse,” an arrange- 
ment made of wood hollowed out at the top to 
allow^ the hat to fit steady, with a “ duffer ” in it. 
A duffer is placed in the hat to prevent tlu^ heat 
of the fire from drawing the crown of the hat out 


of shape. Tt is made from paper or felt and fits 
close to the bead part of the hat^ When the hat 
is w arm enough to he bendable, it is ready to he 
s(*.t. dare must bo taken not to have it too warm, 
or it will eo(^kle the brim, making it very uneven. 

The shaper phu^os the tip on the plank and biigins 
to make the hat the shajic ro(piir(^d. When the 
sid(« are set to the dcsirtxl wddth it will he S(^on 
that the ba(!k and front look hollow and nnlevel, 
especially in the band which is near tlur bead part. 
T<t put it level a cloth has to be placed across the 
front, water it with a sponge, and llum iron it 
until it is again workable ; turn it over, and witli 
a flat plough work the top side of th(i brim 
whilst the underneath is placed on a “ duese ” 
or half franuv” It must then be. worked with 
thumb ajul ling(*r until it is straight, the sbouldcis 
ar(* level, and the curl is in perf(^ct symmetry 
with the brim. It is now ready for tht^ trimmer. 

Trimming. The trimmer receives the hat 
after b(ung shaped, along with the following 
trimmings : Band mid binding, tip pajicr, sid(^ 
j)ap(M’, silk tij), silk side, leather, tass('l, and 
sticker. First find tlu^ ccntr(^ of brim at hack of 
hat, then nu^asure binding round 
the edge, and, after cutting it to 
the size, SOW' the ends veiy neatly 
Ix'fore sewing it on the brim, the 
si‘am t-o be at back of bat. The 
binding will then be on the t-op 
skh^ of brim with the stitclu's 
g< ung through. It must lx* rubbed 
on thound(^rneath with a bobbin, 
to prev('nt tin* stitebes showing 
through the binding. Now turn 
the binding over curl, and s(^w', 
or “whi})” it to the merino 
un(l(*rn(uith. Then lie the band 
round the crowTi of hat, placing 
bow’ on left side. 

Take the tip pa]>er, which is 
very stilf, place it on the tip on 
bat, and mak(^ an iinpr(^ssion 
round the cdg(5 with thumb and 
tinger, which, afU*r ('utting, gives the size re- 
(juir(*d, and is ready for the silk tip to Ix^ 
stiUhed on. The silk side is now s(*wn round 
the edge of the tip and the ends '‘run up” 
together, the whole forming the lining, but 
Indore jnitting it in the hat the side paper is 
fix(*d and miwlc firm with a little paste ; this 
}uevcnts the colour of the body from showing 
through the silk sidi*. After fixing the lining in, 
sew it round the top of the paper, which caus('s 
it to “ bell,” through its being (ut on the bias, 
or cross. Tlu* li'ather is to lx* inciisured nmnd the 
inside of the hat and the ends cut so that they 
will just meet, botli being cut on the slant, so 
that a little more will be cut off the bottom than 
top. Flare the edges of leather together, and with 
a sliek(*r (a gummed pit^ee of paper) fasten them ; 
also make the tassel into a ” bow ” and stitc'h 
it. to the back of the leather. Now place l(^ather 
in hat, putting the seams of binding and Icatlu^r 
in the centre of the back of hat. Get a thin cord 
(top cord) and fasten it on top of leather with the 
stitches used for sow ing the leather to merino (41. 
It prevents the top of the leather from showing 
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person who has a knowledge 
of producing other articles of 
wearing apparel. 

As a home industry, how- 
ever, cap-making has largely 
died out. It has been killed 
by machinery, skilled factory 
organisation, and subdivision 
of labour. All these things 
tended to make the cloth cap 
wonderfully cheap, but since 
the introduction of a much 
higher class for motoring pur- 
poses, and of a greaU^r degree 
of artistic^ design in those now’ 
worn, prices have risen to so 
great an extent that a really 
w’(‘ll-made cloth cap is rated 
at a price practically equal to 
that of the best kind of bowler 
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or the i-beaper make of silk hat. 
Still, there appears no reason 
why cap-making should not lx; 
developed as a homo industry. 
1 1 is comparatively simp le v\ ork . 

The ordinary kind of ca]) is 
produced from eight tbree- 
coi’ner(‘d pieces which, when 
laid out flat, would form the 
segunmts of a circle. 

in the factories these ))ieces 
are cut from caidboard discs 
r(‘pre8enting the different sizes. 
Thus, the circumference of the 
? disc for size (>? would be about 
2.') in. The actual circumference 
[ for a size of bj is 22 in., but. 
; the extra inches are allow id for 
i the seams. By careful cutting 
: a yard of cloth 54 in. wide 
would make a dozen golf caps 
i of average sizes. 

Getting the “ Lay.” The 
. usual pra»*tice of the cap 
■ maiiufacturijr is to ])urchase a 
i number of piect‘S of tweed 
. made in the largo home-spun 
check patterns which are now' 
• the favourite designs. When 
th(*se are delivered at his fac- 
tiny the first process is to gt;t 


through the stitches and gives it a more finished 
app[;arance. 

The hat is now ready to Ik.* n;tumcd to the 
shaper, who, with his brim iron, irons tlu; brim 
and brushes it until the plush presents a smooth 
and finished appearance. Run down the band with 
a band peg or thin piece of wood, strip the paper 
cap, iron the crowTi, and follow with a velvet 
velure. ]*ut on the white cap, and the hat is 
completed. 

CAP-MAKING 

To-day, cap-making gives employment to 
thousands of hands, has special factories and 
machinery, and large sums of money are in- 
vtMsted in the industFy^ But there is no 
reason why caps should not be made by any 


what is called “the lay" ; that is, to arrange tlu; 
cloth so that the; caj)8 can be made with the Iciwt 
])osHible waste of material, due regard bting paid 
to the ru;cessity of rnatc’hing the pattern when 
the pieces come to be put together. 

When this has been done, a pattern is cut 
out of several thicknesses of cloth by minins 
of a band knife, which will cut through a hun- 
dred layers of the material as easily as one. 
The parts are then ready for the matJhinists, w ho 
stiteh the several piec(;8 together, after which 
the partly made-up cap is passed im to the 
finishers, who put in the linings — which are cut 
by the same process — cover the peaks, put 
strapping on the scAms, and complete the work. 

In the making of the caps there are four 
distinct processes : cutting, machining or sewung. 
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pressing and finishing. The workers become ference, and each additional size means an 

exceptionally export in their own particular average increase of in. The medium size 

departments. The cutter can lay out his (6J) fits a head circumference of 21 in. A size 

cloth so that there is no waste, the machinist is obtained by taking the length and breadth of 

can join the pieces together with marvellous the head, adding them together, and dividing 

quickness on the (‘lecdric power sewing by two. Tho golf cap is the favourite 

machine, the prc«sers open the seams ' style for men’s wear, but a great 

and mould the shape on bkx ks, and ^ variety of shapes are produced, and 

the finisluns can complete the arti(;le f the different patterns of a large manu- 

Avith wonderful rapidity. With the A \ A 'A ^^cturor will number a (umple of 

exception of the cutters, the hands '■ A/ \l / \] / \ A* hundred. 

are women workers, and one expert M M H // Wf variety is caused by the differ- 

cuttcr can easily kwp fifty or sixty | f j / f ent fashions in women s and children’s 

machinists busy. ^ '-i' ■■ U caps, and a great demand has sprung up 

The t(?rm “ finishing ” includes the 6. cloth c:.\p recently for women’s golf and motor- 

pioc(*ss of sewing in the linings and ing caps. The charactc^ristic featur(;s 

ot hex hand Avork, and sometimes the finisher dotis arc, however, retained in the v arious styles, 

the })i(‘ssing and blocking. When the cap Ictwes the chief differem-t^s being in respect to size, 

the hands of the machinist it looks like a cloth shape of peak, and other d(^tails. 

bag, but by careful manipulation upon a wooden The accxvmpanying diagrams show the metluKl 
block, and by the aid of a lu'avy iron like a of cutting two of the standard shapes, and also 

tailor’s goose, the seams are pn^ssed ^ service cap known as the ‘‘ Olen- 

do\^^l and the cloth sha])(Hl ready to “ garry.” Size 7 is taken as a motlel, 

wear. On an average a cap passes \ '"‘v and as the figures correspond to those 

through nine ])roeesses and through ^ of the ordinary inch tape, modifiea- 

tho hands of as many Avorkers before it cW- ^ lions both as rt^gards size and style 

is eomplotp. r A ^ easily be introdueed. 

The rapid growth of the trade Avould, ’ ' The Golf Cap. The golf cap is 

of eouise, have been impossible with- ^ cut in ten pieces, eight of which i\rv. 

out the sewing machine and tlu^ hand \A — ’ ’ — ... — sections of the upper part of the cap. 

knife, hut especially the fixst named. , - C ' and the remaining two form the peak. 

A cap factory, in its way. shows some ^ ^ acfcompanying disigram [8] is a 

of the best points of modern indust l ia! '' nduced iiKxiol of one of the best shape.H 

organisation. The different prcn im^ ^ loading maker. The size x*an be 

dovetail into oat?h (fiber, and there is ^ ...N^ vari(‘d by adding a little to, or ticking 

no waski of time or energy. Th(? rc'sult " " a little from, the vaiious seams : the 

is that, a g<HKl, useful cap (^an be madi^ insidt? portion of the ]x?ak is cut of the 

to sell at a shilling, which fifteen or ^ same shajM}, but rather smaller than 

1 w< lily years ago would have cost five ^ ---- " the loAver diagram. The various parts 

tiling ix.s much. The employes e^m a should be taken from the cloth in 

fair living wage on account of the large “ (a.KN- ^ii^'ch the same way as they are 

(piantity they can produce with tlie (MRKY ” cap airaug<Hl on the diagram, and shoukl 
aid of machinery, skilful organisation. In* cut exactly on the line, as provision 

and careful subdivision of labour. The reason is made for } in. s(*arns at all parts, 

that the cxip trade hivs settled doAvn in London Now biistc the various ]>arts U)gether and 

and Leeds is that it is an adjnnet to the sew the seams by mac hine, making the seams 
ri^july-injide clothing tnide. The class of labour ^ in. wide, and in doing this, care must b(^ 

required is very similar, and in both London and taken to gtfi a neat finish at the point where 

IxhhIs there is an unlimited supply all the s(M tions In order 

of skilled machinists. VNIumi ^ ^ to do this, the best plan is to 

work is sliM^k in the clothing far- / \ / \ / \ ^ make up the two sides first, and 

loric« they can work in the (^ap ' /. \\ / , / \ fhen seam tht^se together from 

factoric's,. and vice versa. /^/ j, /,</ il// \ \/ 1,. front to ha -k. Pri(n’ to tliis, how- 

SiEes. It is worthy of note / 7 } ' \ \' j''j V ever, it will bo xidvantivgeous 

that north of the Humber the I J j 'I j to }U’(^ss the seams. Cap-makers 
caps in demand are of a larger L- -./L ^7 have pro] K‘r blocks for this, the 
r*izo than in any other parts of the \ * shape varying Avith (m*h stylo of 

fountiy. The a\'(>rag<^ size \ X. . pap ; much may Im; done by t urn - 

throughout Lancashire and York- ' ^ ^^pp'’<^-hoard on its side and 

shire and the Northern eountit^s using the rounded end. The scants 

is ()J ; in the South it is fij, I’he being sewn and pressed open, the 

sizes of the ea|>H start at 5 lind 8. golf (’ap jicak is made up and stitched, and 

go u]) to 7^. AfU?r that they an^ in order to ensure its being put on 

called “out siz(« ” ; 7| is considered hirg(% 7J in the centit\ fold the peak over and make a 

is seldom asked for, whilst 7^ i» thought xvh- notch, putting this to the centre scam in front, 

normal. A man with a head al>ove that size The peak is lined through with heavy canvas, 
would have to have his caps spoeixvlly made. The edge of th(^ cap is now turned in, and 

The first size (5) fits a lu'xvd of 18 in. in cireum- it is ready for the lining, which is done in 
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various ways: (1) A lining of silk the same 
shapti as the outside, wliioh is felled round the 
edges. (2) A leather headband round the 
bottom, and a silk hetwi lining in the crown 
after the style of a hat. (?,) A leather band 
and the seams covered with galloon after the 
manner sho>\Ti in the sketch, the galloon being 
stitched on so as to cover the seams and make 
a neat and light finish. 

"Jlie top of the cap where all the scams nii^et is 
usually covered with a small button mivdc of the 
same material. 

The front is provided with a hook and loop or a 
glove fastener to make it pouch over in front, 
and sometimes ventilators are put in the crown, 
after the style shown in the sketch. 

There is r(K>m for a good deal of skill in the 
finish of caps, and this has more to 
dt> with the pressing than any other 
}>art ; the superior sh/ipe imparted to 
those mtide by high-class firms is due 
to the extra fjwilities they have in 
the way td blocks and so on for the 
pressing purjmses. 

We also give another style of cloth 
cap, with a flatter front and not so 
full a crown [6]. This is a style of 
cap very populai' in the North of 
England. Thousands of thc‘se am 
made uj) in Leeds, where they are 
})r<Kluced very cheaply in the way 
previously dc‘scribed. The lay here 
given (5] was photographically re- 
(lucod from one in use at one of the 
largest factories. It will be seen that 
no material is wasted, and in order 
to avoid confusion the various parts 
are marked in numbers. These lays 
are prepared in buckram and are 
perforated ; they are then placed on 
the cloth from wiiich the caps are 
to be cut, and a pad containing 
pow dered chalk is j)assed over it, and the outline 
is marked. 

The Glengarry Cap. By way of making 
this article complete we give diegrams showing 
how' to cut a Glengariy cap w ith part to turn dow n 
over the ears and fasten under the chin [7]. This 
dijigram has n(>provisi(m made for seams, and the 
size head it will tit is 7. Figures a and ft repre- 
sent the side, c the peak, and S the crt)wn. 
Tw o each of these parts are required for the ea]), 
together with peak, lining, and lining for b. 
The peak is cut on the crease. The }>r<Kes8 of 
making is mucli the same as already descTilmd, 
though the peak would bo finished in softer 
style. . • 

Wo give illustrations of this cap folded up, 
and also in wear with the car laps brought down 
and fastened under the chin \le and 7/]. 

The following tabki givers the ordinary range 
of sizes, together with the head measure- 
ments to which th( sc sizes corn^spond ; 
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STRAW HATS 

Tlie making of straws hats, especially for 
women’s wear, is one which can be easily carried 
on at home, i\B no expensive appliances are 
needed. 

Straw' bats are roughly divided into two classes, 
“ bUx^k ” and “ shape ” styles. The first have 
hard (uowns and brims, and the shaped styles 
are usually soft and flexible. The “shape” styles 
are, as a rule, confined to the various sailor 
types, and tt> make them a bloek is necessajy. 
The straw plait is sown into a circular mat, 
and then placed over the bkx^k, and by means 
of a hot iron it is manipulated into the sn»me 
shape a« the bkx'k. 'lliis forms the crown, and 
the rim is bkx'ked and pnssed in the same 
fashion. The rim and ei’owri are then sewm 
togotlu'r, and the hat is ready io 
be trimmed and lined. 

As stated, blocked hats are for 
th(i nu>st part hirf^tory made, but the 
shajied styU's fx>r women’s wear can 
b(' (‘iusily mjide at home. 1’he first 
thing neet^sary is to get the skele- 
ton, which is made of wire. This 
can bt* bought ready-ma<.le, or it can 
b(‘ fashioned to suit the individual 
taste. A plain hat of the sailor 
pattern can he made with three 
circles joined together by oblong 
pieei‘s all of wire. Upon this skele- 
ton the straw' plait is sewn, and 
w'him the hat is complete tlu^ wires 
can be removed, or if it is desired 
they can remain in the hat to enable 
it to kei'p its shape. There is a 
great variety of colours and styles, 
from the fine PiUd narrow' English 
and French ' plaits, and what are 
des<Tibc‘d as th(^ rustic .la])anese, 
which are the largest and e(»arsest 
kinds [91. It will easily be seen that 
a hat can be made of a bnnwl plait much more 
cpiiekly than from a narrow' one, and for that 
reason the broad ])laitsaro much more in faviuir. 
The plaits arc sold in bimdlt's 12 yd. long, which 
is sufficient to make a large hat. The pri(?e per 
piece, or bundle, is from (!d. to (is., ai'cording 
to style and quality. Ibe wire skeleton costs 
only a few^ pence [see also Millinery, page 
5217]. 

For men’s and boys’ straw hats the principal 
shapes are the “ Boater,” which has a flat top, 
and a flat brim of varying d<^grees of widtli, 
iwid is made from both the fine and coarse kinds 
of plait ; the “ Trilby,” or Alpine style, with 
indented crowm, for which the fine Tuscan or 
pedal straw is used, and the “ Panama ” shape, 
for which the finest plaits are also required. 
The real Panama is not made from straw, hut 
from a long grass grown in tropical and sub- 
tropical countries, and the hat itself is plaiteil 
from the grass fibres, considerable time being 
occupied in the process. 

The scale of si'zes given for cloth caps 
will bo equally serviceable for the 
ordinary shapes of straw hats. 



9. STKAW PL.\IT.S 


a. IN’dal white h. Canton 
white c. Fine rustle wliite 
d- 'I’n.sean whit«* t>. Fine 
pedal white /. Coarse 
rustle while g. Coarse rus- 
tic black and white 
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TIN 

Tin, the symbol of which is Sn, and the atomic 
weight 117*35, was one of the metals familiar to 
and used by primitive man. Bronze is an alloy 
of tin and copi>er, and bronzes have been recovered 
from the ruins of ancient Nineveh and other sites 
which were peopled back in the dawn of recorded 
history. 

Properties of Tin, The colour of metallic 
tin is silver white, with a lustre that increases with 
the tem])erature at which it has been poured. The 
crystalline structure* of tin is the cause of the “ cry ” 
of tin — that is, when a j)ieoc of tin is bent, the 
crystals grind against each other, and occasion the 
]Ktculiar sound so designated. Commercial tin has 
a specific gravity of 7*5, purer tin being slightly 
lower. At low temperatures tin is very ductile — its 
point of maximum ductility being at about the 
boiling )>oint of water — and can be lw‘aten and rolled 
into foil, but at 200'^ C. it is extremely friable and can 
be powdered. Though ductile, it has little tenacity. 
Us exact melting |K)int is uncertain, but is about 
228° C., its boiling point is between 1,600'’ and 
1,800'’ C., and at this temjajrature it burns in the 
air, thereby forming stannic oxide. Its thermal 
conductivity is about 150 (silver = 1,000), and its 
electrical conductivity at 21° C. is slightly over 
11 (silver := 100). 

Occurrence of Tin, The localities favoured 
by deposits of tin are not numerous. The mineral 
never occurs in the native state and only in a few 
chemical combinations. The most common ore is 
rfmiteritr or iinsUme.y a dioxide of tin (SnO.^). 
The tinstone found in C/ornwall contains also sul- 
phide of copper, wolfram, pyrites and other minerals, 
it is in the form of veins usually in plutonic or 
metamorphic rocks. Alluvial tin, washed from 
these rocks by denudation, is known as “ stream 
tin,” and possesses a high degree of purity. The 
British dc])osit8 of “stream tin” are nearly ex- 
hausted. The world’s chief sources of tin are Corn- 
wall, in England, and the Malay Peninsula. T^ess 
valuable deposits occur in Spain, Bohemia, Sweden, 
Australia, Africa, and Bolivia. The North American 
continent, so rich in other minerals, seems to have 
been very sparingly dowered with deposits of tin. 

Alluvial Tin. As with gold, the first tin- 
workers confined their attention to alluvial deposits, 
which have been formed by the disintegration of 
portions of the stanniferous granite masses — the 
disintegrated portions being carried away after 
dvmudation and deposited in the lower valleys 
and river beds. The alluvial deposits in the Malay 
Peninsula are worked chiefly by the o} 3 en-cast 
method, although in some cases hydraulic mining 
[see page 2959J is practised, and in exceptional 
instances shaft work is undertaken. They show 
u]) to 00 lb. of “ black tin ” or tinstone — which con- 
tains from 65 per cent, to 75 per cent, metallic tin — 
per cubic yard of gravel. The tin wanh^ as it is termed, 
is found from 2 ft. to 30 ft. under b^s of clay and 
sand, and varies in thickness from a few inches 
u]) to 15 ft. or 16 ft. The “ wash ” consists of gravel 
worn smooth in its descent from the parent masses, 
and carries tin ore up to 30 per cent, of its weight. 


The Malay tin-miners arc Chinese, and their tools 
and methods are primitive. The wash, as the 
name implies, carries much water, and after the 
overburden has been removed, the men work in 
swamps, which are drained in primitive fashion 
by Chinese wooden chain pumps and water-wheels. 

The wash may be left in heaps to dry in the sun, 
in which case the clay becomes hard and may be 
removed, leaving gravel only. The method of con- 
centrating the gravel ore is by putting it into a 
trough some 30 ft. long, with an inclin^ bottom ; 
water is allowed to run over it, and the mass is 
agitated by men wielding long hoes. The sand is 
washed away by the running water, and the concen- 
trat? mineral — which is two- thirds tin — is sent to 
the cupola furnace to be smelted. The furnace used 
is small — about 5 ft. high — and is made of clay 
strengthened with stakes and girt with iron rings. 
Charcoal and tin ore are put into the centre of tlie 
furnace, which has an aperture in the rear for the 
supply of a blast, produced by hand bellows, and 
for raking. The smelted metal runs from a hole 
in the bottom into a depression mode in the ground 
and is ladled into moulds in the sand, whkdi give it 
the form in which it reaches the market. 

The alluvial de^wsits of New South Wales are 
found under sand dunes [seepage 1499J from 200ft. 
to 300 ft. wide, and from 10 ft. to 20 ft. high, which 
have l)een formetl parallel to the sea coast and 
run several miles inland. 

These dunes are made up of a thick top layer of 
white beach sand, from 10 ft. to 15 ft. thick, under 
which are 2 ft. or 3 ft. of black sand, and finally 
about 1 ft. of gold and tin bearing sand on the top 
of red-browTi sandstone rocks. The washing of this 
sand enables the rw^overy of the metallic tin, which 
is frequently associated with heavy proportions of 
gold and of good quantities of ])latinum, iridium, 
and other rare metals. 

Tin Ore. CmMterite (SnO.J, the oxide of tin, 
the form in W'hich tin ore most frequently occurs, 
has a hardness between 0 and 7 according to 
MoW scale, a 8|>ecific gravity of 6*8 to 7, unci n 
chemical composition of 78‘6 i)er cent, of tin and 
21 '4 per cent, of oxygen. These constituents vary 
in their proportions according as iron, manganese, 
copper, and other minerals enter into the com- 
position of the vein. In a})pt*arance tin ore is dark 
red-brown or slate coloured. 

Success in tin- mining depends more than in the 
case of most other base metals upon the skill which 
guides the mechanical preparation of the ore after 
mining. The ore is ])icked and sorted by hand, 
the non -stanniferous pieces being discarded and 
the true ore being put to one side. The latter is 
then passed through the stamp batteries. The stamp 
generally used in Cornwall w'eighs about 7 cwt., and 
makes about 60 drops of 10 in. per minute, crushing 
about 1 ton of ore every 24 hours. Greater efficiency 
could be attained by the use of more modern stamps, 
which would multiply output three or four times. 
The ore under the stamp is pulverised to a fine- 
ness that will pass through screens with about 144 
holes to each square inch. The result is so much 
sand, and the problem now is to separate that part 
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of tlie sand which is really black tin from the worth- 
le»« reftidue. To effect this separation, the greater 
weight of the bla(;k tin — which is rather more than 
double that of the sand — is made to assist. The 
crushed ore, carried by water, flows into tanks, 
known as buddies, w'hich vary in form, but are 
similar in principle to those illustrated on page 5142, 
The heavy metallic particles sink to the bottom near 
the ]K)mt where the mixture enters the tanks. 
The bottom of many of these buddies takes ihe 
form of an inclined plane, with ridges right across 
its face, and on these ridges the heavy stanniferous 
sand settles. Again, the bottom may be made to 
move either by an agitating or by a rotary motion, 
and the results of these modifications are better than 
those attained by the original type. 

The recovered black tin still contains many im- 
purities. It is now passed through tossing tubs, or 
chimmifig tubs, whicli work on the same principle 
as the buddies, and the further purified tin sand 
is known as udiits. This is now’ calcined in order 
to decoin{>os<* the arsenical pyrites. Again the bvddles 
»md iosr'iiug tubs are called into service as often as 
may be requinul to remove the impurities, and the 
result is a cleaned and concentrated tin sand which 
is the marketable (commodity know’ii as black tin, 
containing about fifi yier cent, of metiillic tim 

Smelting Tin. The furna<?e used for smelting 
is of the reverberatory ty|)e (see page 412!> j, with a 
l>ed about IS ft. by ft., and has a fireydaoe and a 
sUick at opposite ends. The tapping hole is at the 
back, and is kept closed during the smeltinfif. An 
ore charge weighs from 20 cwt. to 25 cw t., and after 
being incorporated with about one-fifth of its 
weight of anthracite |>owder it is 8|>read evenly 
over the furnace bottom. If necessary, tluor-spar 
or lime may be added as a fiu,\. The door is closed 
and “luted” uj) — that is, ])lastered up wdth clay — 
and the heat raised for five or six hours, after which 
the door is oyienwl, the heated mu,s.s is “ rabbled,” or 
stirred up, and some yiowdored anthracite is spread 
over the surfat.*!?. After l>eiug heated again for al)out 
an hour, and a further stirring, the furnace is tH]»f»ed. 
The slag left is chiefiy ferrous silicate, but contains 
some tin, and it is usually heated afterwards to 
remove this. 

Refilling Tin. The processes wc have described 
carry us to the point of refining. The refining proper 
is preceded by a })reliminary liquation in a re- 
verberatory furnace, wiii(!h takes a charge of about 
18 tons. The temperature is carefully watcdied, and 
as it rises to the point of melting, the purer tin is nm 
off into a special pot or “ kettle ” heated by a 
separate fire. The imyiurities — iron, copper, sulphur, 
and other constituents — ^remain as hard head, a 
white, brittle mass which contains about 20 per cent, 
of metallic tin. The purer tin, which has run off, 
is retained in a molten state in its own kettle, and 
logs of green wood are plunged beneath its surface. 
Under the heat the wood gives off gas, which causes 
agitation of the molten mettil, and the formation of 
a scum containing the impurities. The same result 
is sometimes attained by {)ouring the metal from 
a height of 17 ft. or 18 ft. into the kettle, this pro(;es8 
also ])rod ucing the scum and removing the impurities. 
The operations we have describc-d give the (;oin- 
mercial products known as comnum tin, or refined 
tin according to quality. For the latter, purer ores 
are ubihI, and the refining is prolonged. Block tin is a 
lower quality than refined tin. 

Alloys of Tin. Apart from its use as a coating 
on baser and cheaper metals, the cliief industrial 
use of tin is in alloying with other metals. Although 


metals it terms a liard alloy. T^cad alloyed with 
tin has a higher malleability and ductility than 
pure tin, but a lower toughness. All soft solders 
have tin as a constituent [see Soldering]. In 
addition to soft solder, the tin-lead alloys include 
y>ewtcr and tinfoil [see also page 5987], Pewter was 
formerly used extensively in the manufactiu’o of 
domestic utensils, but the solubility of the lead 
made lead yroisoning frequent if the proyrortion of 
lead were high. The maximum proportion of lead 
which should be used in tin-lead allo3rs for culinary 
utensils is from 10 j>er cent, to 15 per cent. The 
acids of fruit have no ayrprociable effect upon 
such an alloy, but if the lead be in excess of this 
it dissolves and enters into solution in the food. 

Alloys of tin and lead are used in a molten state 
for tempering steel tools. The finer the tools the 
higher is the ]>rof>ortion of tin. Thus, for razors, 
y»enknives, and surgical instruments the proportion 
is al)out two paits of had one part of tin; w'hile 
for small saws, the amount of tin is only one- 
twelfth that of the lead. 

Tin-copper Alloys. The ti!i-copi»er alloys 
mclude bronze, gun-metal, and bell-metal. Ancient 
bronze was a dual alloy, coiitainiiig only copper and 
tin, but the French bronzes of to-day arc mtule of 
triple or quadru])U‘ alloys, usually the latter, con- 
sisting of copper, tin, lead, and zinc, and sometime-^ 
n addition with small ])rcq)ortionH of arsenic, anti- 
Jiony, nickel, aiid sulphur. The colour of a tin- 
jopper alloy varies from red to white, as the pro- 
portion of tin rises. From JK) per cent. copjXT to 
70 ])er cent. co]q)er. the colour ranges fiom i*c(l to 
orange yeJlow, pure yellow, light yellow, ind white. 
Bronze inciciisc^s in liardness as tlie proiiortion of 
eojiper rises to 35 ]M5r cent, of the alloy From this 
proy>ortio»i to an alloy with 73 })er cent, of (50}<}M*r 
the brittleness is high, hut as the cop|ST exceeds the 
latter value, the temwity increa.-es. Gun-metal 
has 90 })er cent, copjier and 10 |K‘r cent, tin, this 
])roportiou being the mixture of maximum hardness. 

Tin-aAtimcny Alloys. Tin alloyed with 
antimony gives bearings met/il and Britannia 
metal Such aUoys are harder luid less ina’leable 
thiiii pure tin, but are equally white. Inereast' in 
the proportion of antimony increases the britth*- 
ness. Tin-antimony alloys sliould be cast at as low 
a temperature as y)ossible, so that the exciess of 
antimony may not separate &om the eutectic 
alloy. Ordinary Britannia metal usually (^an tains 
not more tinin about JO per cent, of antimony, 
the remainder I>cing tin. Sometimes a small pro 
portiftfi of the tin is replac’od by copper, and occasion- 
ally zinc or bismuth is also employed. A small pro- 
fK>rtion of bismuth increases the fusibility. The 
points of merit about Britannia metal arc that alloys 
of tin and antimony yield good shar]) castings, are 
tougher than tin, and take a better pulisli than 
tin-lea<l alloys. The manufaeture of Britannia 
metal hollow-ware., such as teajKJts and coffee-])ot8, 
used to be a much larger Sheffield industry than it is. 
Nickel-silver hiis dis}>laeed it considerably. Most 
of the Britannia metal- ware now made in Sheffield 
is electro-plated. It can Ik^ distinguishixl from 
nickel-silver, bitcaiise when struck sharply it sounds 
as a dull thud, w'hcrcas nickel-silver hollow- ware 
similarly striKik gives a clear, sonorous ring. 

Antifriction Metals. Bearings metal or 
antifriction metal is fretiuenlly an alloy of tin and 
antimony, containing al>out 29 ]>er cent. (»f the 
latter. It is usually, however, not a dual alloy, but 
('ontains also copj)cr, lead, or zinc ^^see also jtage 
6988]. The formulas given for antifriction metals 
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alloys is imperfectly understood is proved by the 
large trade done in proprietary antifriction metals, 
the composition of which is not acknowledged. 

Alloys of tin and zinc are harder tlian tin, but 
not so hard as zinc. Their use is limited. They 
are made into imitation silver loaf, and also cast 
into ornaments. The metals may l>e alloyed in all 
proi)orl ions. 

1m amalgam — that is, an alloy of fin and mercury 
— has a more restricted use than it had in the day i 
when it was the agent adopted for silvering mirrors. 
Dentists use t-n amalgam for filling teeth, one part 
of finely dividend tin being triturated with four parts 
of mercury, and the excess of mercury being squec ed 
out in a chamois leather bag. The amalgam is 
l)resaed into the tooth and hardens in a few day.s. 

Then wo have alloys of tin, bismuth, and lead, 
used for t3rpe metal and printing blocks. 

Tin*plates. Tin-plates are sheets of iron or 
steel, coated wuth tin. Sheets of Siemens steel are 
chiefly used for tin-plates, but charcoal- iron, which 
was, before the era of steel, the usual base, is still 
employed. Common qualities of tin-plate usetl to 
be made of puddled iron, and were known as coAt 
]) lntes, while charroal plates were made from 
charcoal-iron. Bara of steel are made red hot, 
passed through chilled rolls, thereby being drawn 
out to about double length, folded in the middle, 
and again heated. Another rolling, another doubl- 
ing, then another heating, rolling, and doul.’* 
takes place, until perhaps the final sheet contains 
as many ns 32 plies. The sheets are trimmed to 
pro]x»r size, and the plies pulled apart, each ply 
then l)eing n rough “ black plate,” so termed from its 
adliering coat of rough black oxide. This oxide must 
be removc^d before tlie jdute can be tinned, and the 
oi)eration, which is called pickling^ is done with a 
warm solution of sulphuric acid in water for about 
fifteen or twenty minutes, followed by washing and 
rubbing with sand. Annealing, or maintaining at a 
high temjicrature for some time, then takes place, 
'riie annealing ovens are wrought- iron boxes of a size 
1o hold the plates, and have removable upper parts, 
with joints that can lie made tight against the 
ingress of air by lK*ing covered with sand. The 
annealing boxes are placed in a large furnace and 
kept at rod bent for nbo»it ten hours, afti^r which 
they arc withdrawn, and the sheets are allowed to 
cool. Aft-er this, the sheets are rolled to give them 
smoothness, for a tin-plate can have a good surface 
only if the black sheet has had a smooth surface. 
The rolling may have made the sheets haixl again, 
so a second annealing in cast-iron p )ta, and at a 
lower temperature, is given. Again the sheets are 
pickled, but in acid solution w'eaker than formerly, 
arc rubbed with sand, and put into water to aw'ait 
the moment of entry into the tinning batlis. 

Plant for Tin-plates. The baths or pote 
used in the actual tinning process are usually five 
in number. The first is the grca8e-])ot, which holds 
melted gieaso, such as tallow or palm oil, and the 
sheets are immersed in this until all water has 
evaporated from their surface, and they carry a 
uniform layer of mase. The second pot contains 
molten tin covered with a layer of gi'ease, and the 
sheet is transferred from the grease and put into this, 
where it receives a coat of tin. The third ]>ot is the 
Washing- pot, also containing tin, and the sheet, with 
an imperfect coating taken on in the tin-|>ot, passes 
into the first compartment of the washing-pot, and 
acquires a uniform coating. The plate is removed 
and treated by a workman with a wire brush, who 
then puts the plato into the second compartment 
of the same pot, which is the final tin bath, and 


contains the lK*.st tin. The next pot is a grease- pot, 
in which the plate passes between carefully-adjusted 
rollers that remove excess of metal and give a 
better surf .ice. The grease which adheres hs it leaves 
this last pot is removed by rubbing with bran or 
sawdust, and a final surface is given by rubbing with 
a piece of the fleece of a sheep. The finished tin- 
plates arc then examined for defects, and finally 
Doxed for the market. 

Varieties of Tin-plates. All the ])lates do 
not issue perfect. Defective plates are known as 
waMers, and if very bad, as wa^Ui-WfVite, Tn common 
tin-plates, primes -that is, sheets passed as perfect — 
usually amount to from 80 per cent, to 00 per cent, 
of the whole ; but in charcoal plates the standard 
of quality allowed to pass inspection is much higher, 
and primes may be only 40 per cent, to 80 per cent. 
Wasters arc sold ns such, and there is always a 
market for them. 

The commercial designations of tin-j»lafe are very 
confusing, and the sheets are packed in boxes which 
are consistent neither in the number of sheets that 
they contain nor in weight. The table that follows 
gives the particulars of the various varieties and 
sizes. It is, indeed, time that some simpler method 
of packing and indicating tin plates should be 
jidopted. Cumbrous and awkward systems of 
reckoning also prevail in the manufacturing pro- 
cesses, but into these we cannot enter. 

TIIK TIN-rLATKH OK COMMERCE 




Dimen- 

Number 

Weight 

Description 


tiont of 
Sheets 

Bheeii 
in e Box 

of E^b 
Box 



Inches 

Sheets 

Lbs. 

Common No. 1... 

10 

I4kI0 

225 

108 

Cross No. 1 

IX 

14x10 

225 

136 

Two crosses No. 1 

IX X 

14x10 

225 

157 

Three crosses No. 1 

IXXX 

14x10 

225 

178 

Four crosses No. I 

IXXXX 

14x10 

225 

199 

Common No. 1... 

IC 

14x20 

112 

108 

CsoM No. 1 

IX 

14x20 

112 

136 

Two crosses No. 1 

IXX 

14x20 

112 

157 

Three crosses No. 1 

IXXX 

14x20 

112 

178 

Four crosses No. 1 

IXXXX 

14x20 

112 

199 

Common No. 1.. 

1C 

28x20 

56 

108 

Cross No. 1 

IX 

28x20 

56 

136 

Two crosses No. 1 

IXX 

28x20 

56 

157 

Three crosses No. 1 

IXXX 

28x20 

56 

178 

Four crosses No. 1 

IXXXX 

28x20 

56 

199 

Common No. 1.. 

IC 

12x12 

225 

108 

Cross No. 1 

IX 

12x12 

225 

136 

Two crosses No. 1 

IXX 

12x12 

225 

157 

Three crosses No. 1 

IXXX 

12x12 

225 

178 

Four crosses No. 1 

IXXXX 

12x12 

225 

199 

ConunoD doubles 

DC 

17 X 121 

100 

94 

Cross doubles ... 

DX 

17 X 12 I 

100 

122 

Two-croee doublet 

DXX 

17 X 121 

100 

143 

Three-cross doublet 

DXXX 

17 X 12 I 

100 

164 

Four-cross doublet 

DXXXX 

17 X 12* 

100 

185 

ConuBon doublet 

DC 

17x25 

50 

94 

Croti dou^et ... 

DX 

17x25 

50 

122 

Twe-orott doublet 

DXX 

17x25 

50 

143 

Thrte-crott doubles 

DXXX 

17x25 

50 

164 

Four-crots doubles ... 

DXXXX 

17x25 

.*>0 

185 

Common doubles 

DC 

34 x25 

25 

94 

Croet doublet 

DX 

34x25 

25 

122 

Two-cross doubles 

DXX 

34x25 

25 

143 

Three-cross doubles ... 

DXXX 

34x25 

25 

164 

Four-cross doubles ... 

DXXXX 

34x25 

25 

185 

Bmtll common doubles 

8 DC 

15x11 

200 

167 

Smell cross doubles ... 

SDX 

15x11 

200 

188 

Smell two-cross doubles 

8DXX 

15x11 

200 

209 

Smell Ihreecrotsdoublei 

8DXXX 

15x11 

200 

230 

Smell four-cross doublet 

8DXXXX 

15x11 

200 

251 

Smell common doublet 

8DC 

15x22 

100 

167 

Smell croti doublet ... 

SDX 

15x22 

100 

188 

Smell two-crott doublet 

8DXX 

15x22 

100 

209 

Smell three-erottdoub'es 

8DXXX 

15x22 

100 

230 

SmeU four-crostdoubltt 

8DXXXX 

15x22 

100 

251 


I 


Terne Plates. Teme- plates are made in the 
some way as tin-plates, and differ from them only in 
that the coating given to the black plate is an alloy 
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of tin and lead. The proportions of the mixture 
vary with different manufactnpers, but a frequent 
and a satisfactory mixture contains 75 j>er c«it. of 
lead and 25 per cent, of tin. Such j^lates are used 
extensively for roofing pur|K)ses, particularly in the 
United States, in Russia, and in mid-eastern Kuro])e. 

Uses of Tin-plates. Steam ])Ower and 
machinery lutve revolutionised the working of manu- 
factured tinplates. “Pieced” work, so-called- — 
that is, articles m^idc by tlie tinsmith, who cut^ out 
and puts together ])iece8 of the plate to make tin 
hollow- ware — has betai siqerseded by the product 
of stamping machinery. The largest consumers of 
tm-'|>lates in the world are the petroleum oil coin- 
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panics of America and Southern Russia, who 
manufacture square tins in which to ex^xjrt much 
of their I'efined oils. The jiacking industries in 
(.’hicago and elsewhere arc also large consumers, as 
w'i‘!l a.s the fruit and fisli canncr.s. 

Put l>eHide8 the tinning of black plates, which is a 
localised industry, and in this (iountry confined to 
South Wales, the process of tinning finds a wide 
scoj)C in coating all classes of manufactured iron, 
steel, and metal articles, from yuns to saucepans, 
from hjLrnt*ss Iruckles to meat tins. For such work, 
a dctjiiled description of the ]»lant and processes may 
serve some good y>ur|:K>8c in this article, because, 
while fhere is small likelihood that anj’ student of 
these yiages will desire to set ii]) tin-plate works, it is 
more than probable that many may desire to install 
tinning plants as finishing de])artinentK <»f metal- 
working busineH.s<>8. 

Tinning. Tlie 0 [>eraf ion of tinning n^seinb’es 
in many ros|x»cts that of galvanising hy the hot 
process. Articles are galvanised to protetrt them 
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from rust. The more expensive proooss of tinning 
has the same object, but the zinc coating of the 
former process is not suitable for articles for culinary 
pur])oses, and in the sphere of cooking utensils 
and for food containers tinuiug finds its gfeatc*st 
field. Tinning also remains brighter than galvan- 
ising, although those not thoroughly ftuniliar with 
fhe distinctive a])])caranco of galvajiising and 
tinning may often mistake a badly turned article 
for a well galvanised article. Tinning was in vogue 
for coating articles of malleable iron, and of wrought 
iron and stctel long Indore it was used for -common 
east iron. The process uynm the latter material is 
a little more difheult, and it will demand sy^ecial 
treatment. 

Tinning Plant. A description of a tinning 
))lant will be more lucid if we take a tYy>ical case, 
l>ut it cannot be claimed for any tyyucal case tliat 
its details are suit- 
able for all cases. 

The requirements 
of the work must 
modify the details 
'll installing a plant 
for a particular 
ymrpose. A good 
geiuTal arrange- 
ment ft)r a tinning 
sho]» is shown in 1, 
and the piir])ose of 
the various fixtures 
will lie explained as 2. HAND TOOLS FOR tiAL- 
we descrilie the vANisTNG ANT) TlNNlNt; 
process. The small A. Dross woop U. Wire dipiiiii”-- 
hand tools neccs- (' to Wires for stii-'ill 

sary are modified 
hy the nature of 
the work done, but the tools shown in 2, and also 
iis<^d for galvanising, serve most yiuriioses in the 
tinning shop. 

Preparing the Work. I’be smoothness of 
tlie coating of tin depends (pi iU‘ as much uy ion the 
metal surface as uyion the even deyHisitioii of the tin 
enveloyie. Common articles arc cleaned from rust, 
sand, and adhering dirt, by immersion in acid — 
sulyihiiric acid, muriatic - otherwise calletl hydro- 
chlor c acid — oi’ hydrofluoric acid. Where a better 
coating is desired, the articles are furtluT yirepared 
by rolling them in sjK'cial ban*els witJi gravel and 
water. These barrels, made of a convenient form 
and size for the work, are caused to rotate uyion a 
horizontal axis, and tlie agitation and friction 
makes the articles within smooth to a degree 
yiroyiortionate to the time during whiidi they ani 
siibjei^ted to this treatment. When extra fine 
results arc desired, tlie articles may receivir a sei'ond 
rolling in coarse dry sand, and -even a third rolling 
in Htaayis of loithcr, but common work seldom 
warrants the (>x]>enHe of this extemded treatment. 

Wrought iron and st<»el can have rust and 
scale rernovexi in a yiickle made of sulyihtiru; acid 
dilutefl wuth water to thirty tinics its volume, or with 
muriatic acid diluted to fifteen times its volume. 
Hydrofluoric acid is sometimes ns(?d, and is much 
quicker in its action, and is less likely to iiijurr^ the 
castings. The strength is from 1 in 20 of watiT 
to I in 30. The yiickic should he keyit warm at, 
say, 150° F. Stirring is neiaissary during the 
process if the articles are of such a form that fho 
surfaces of diO’ereiit articles arc liable to rust in t.ho 
balli in (jontacl with each other, thereby yn*cventing 
the acid from getting to its work. Sheets of iron 
or stcv/l are yilaced in wooden racks arrungcHl to 
keep them ayiart. Every artic4e should be cxamineil 
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individually as it comes from the bath, and if not 
satisfactory, should l)e subjected to further treat- 
ment, or should have any scales removed with a 
pointed instrument, such as an old file. Small 
articles are then “ rolled ” in barrels, as already 
described. This process docs not increase the ad- 
hesion of the tin coating ; it merely gives a smoother 
surface. Over-pickling, which is apt to follow the 
use of sulphuric or muriatic acid, makes the work 
pitted, and care must l)e taken to avoid it. 

If the articles be sandy, every particle of sand 
must be removed, or bad work will result. This 
may be done in the manner described later for 
preparing work to be galvanised. Washing with 
the aid of wire brush rubbing may be necessary to 
remove the sand ]wrfectly. 

Malleable castings should always be rolled with 
dry, sharp sand or shot, to secure a good surface. 
If the articles have paint or grease on their 
surfaces they should be immersed in a hot, strong 
solution of caustic soda, and then washed in cdean 
water, finally going to the pickling tank to have 
the rust and scale removed. 

After being cleaned by one or more of these 
y>roceHses, the articles >ire put into a tank with clean 
water — not into running water, which would cause 
oxidation — until they are wanted for the tinning 
kettle. 

Dipping the Articles. Small work is 
usually striing on wires for immersion. Make the 
wires long enough so that there may be })lenty of 
room to put the articles well into the tin. 'J^ake a 
wire laden with articles, immerse the latter for a 
few minutes in a tank containing a solution of 
muriatic acid i\ to 5) to remove any remaining 
traces of rust, then into muriate of zinc solution 
(zinc chloride) made by dissolving zinc in muriatic 
acid to saturation yioint, and finally put info the 
kettle of molten tin. 

Common work is often done in a plant with only 
one tinning kettle. The diagram fl] provides 
for two kettles, which are almost essential. Witli 
one kettle the slag or dross which accumulates on 
tlie surface is apt to adhere to the finished articles. 

Several wires filled with work are put into the 
kettle and allowed to remain there until the articles 
are as liot as the tin, which should be about 500^ F. 
When this point is reached the work is withdrawn, 
care being necessary in the manner of withdrawal. 
With a ladle held in the right hand, clear the surface 
of the molten tin free from slag, so that no slag or 
flux may be carried away by the articles as they are 
withdrawn. Then withdraw a laden wire and 
plunge it immediately into the second kettle, which 
should have a temperature of about 400" F., or 
450" F. for very small articles. Care should be 
tiiken that none of the surface slag or flux is taken 
over by the work into the secon d kettle. The second 
kettle should have a layer of tallow on the top, to 
the depth of J in. or 1 in. When the temperature 
of the articles in the kettle has fallen to that of 
the second kettle they are withdrawn, swung 
around sharply so as to throw off any surplus 
metal, and then thrown into a tank of keros ino 
oil. This tank has a water jacket, preferably with 
circulating water, to prevent the oil overheating. 
In this tank the tin coating sets, and when the 
work is withdrawn from it, whicfl may be at any 
convenient time after the tin has set, it is thrown 
into clean sawdust, which takes up the oil. 
The operation of tinning is now complete, and if 
the proper method has been followed, and care 
exercised, the articles have a smooth coating, 
uniform in depth and colour. 


Preparing Gray Cast Iron for Tin- 
ning* To get a good coating on common gray 
cast iron, several precautions in addition to those 
used for ordinary wrought iron and steel, and for 
malleable cast iron, are necessary. If grease or 
paint be present, or if there be traces of resin from 
resin cores used in the moulding, the articles should 
be washed in a strong hot acpieous solution of caustic 
soda, as already descTibed for removing grease in 
tinning wrought iron. Castings have always some 
adhering sand ; this should be removed with hydro- 
fluoric acid and water, as already described. Sul- 
phuric acid or muriatic is often used, but hydro- 
fluoric acid is preferable, as it dissolves the sand — 
not dislodging it only — and does not attack the 
iron as the other acids do. 

Of the several other 7 )roce 8 ses employed to make 
common gray castings suitub'e for a deposit of tin, 
one successful process may Ix^ described. A special 
tumbling barrel, containing a mixture of muriatic 
acid, sal ammoniac, and water, is used. The barrel 
should be much stronger than an ordinary tumbling 
barrel. A body J in. thick, with cast-iron heads 
IJ in. thick, are good sizes. The manhole cover 
W'ill serve if 1 in. thick, and well supported with ribs. 
This strength is necessary to withstand the action 
of the gases generated by the chemicals used, and 
valves should be provided to ^wmit the e8ca})e of 
these gases. Place the cleaned castings in this 
barrel, and let one-fourth of the inside ca 7 >acity be 
occupied by “ stars ” — small castings of the shape 
indicated by the name and used in ordinary tumb- 
ling — and shot : then add water until the barrel is 
three-quarters full, and finally put in 15 lb. of 
muriatic acid, and 2 lb. of sal ammoniac. Close the 
manhole and set the barrel in revolution. Soft iron 
requires about 2^ hours of such rolling, and hard 
castings may require double this time. 

Then the work is withdrawn from this barrel and 
7 )laecd in the storing tank (containing clean water) 
until it is to be put into the kettle to receive its 
bath. When that time comes the castings, cither 
strung on a wire or in a wire basket, are immersed 
in a boiling solution of caustic soda or j)otash for 
about two minutes ; this is followed by rinsing in 
water, tlien by a bath in a weak solution of muriatic 
acid (I in 40), then by immersion in muriate of zinc 
— prepared as already described — to every gallon 
of which 51b. of sal ammoniac has Ijeen added, and 
finally, into the first tinning kettle at 500" F. This 
kettle should have a special flux on the surface 
prepared by boiling muriate of zinc on top of the 
tin and adding thereto some sal ammoniac. The 
consistency of this flux is an essential to good work. 
If it tends to become thick or hard, add more of both 
ingredients, and remove any hard part with a 
ski nmer. Then the second kettle is called into 
o]jeratioD in due course, and as already described, 
and the subsequent oil bath and sawdust. 

Recovering Waste Tin. Many thousands 
of ^loiinds sterling are wasted annually in the tin 
which adheres to tin-plate scraji, and many solutions 
of the j>roblem of how to recover this tin have been 
sought. Nearly all successful processes are secret. 

Any prw^ess of recovery which has depended upon 
an arid solvent has proved far too costly. The 
solvent invariably attacked the iron below the tin, 
Ijecurae soon exhausted, and had to be frequently 
renewed. Success is possible only by an electro- 
lytic process, similar to that emifloyed in the manu- 
facture of electrolytic copper. One such process 
may be described. The electrolytic bath is said to 
be a solution of caustic soda, or of sodium nitrate, 
and the scrap tin-plate, of course, forms the anode. 
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The tin-plate Borap, freed from grease if neoeesary, 
and compresBed so as to t^ike up as little room as 
possible, is susponded in wire baskets in a wooden 
tank. Between the various baskets oopper cathode 
plates are suspended. Both the baskets and the 
cathode plates ore suspended so as to be clear of tlie 
bottom of the tjink, where sludge accumulates. 
The solution is made of 30 lb. of caustic soda in 
100 quarts of water, and in use is maintained at 
about 150° F. by an exhaust steam coil. The 
solution is made to cover both b.iskets and the 
cathode plates. The eleotrio current causes tlie tin 
to deposit on the cathode plates as a 8}x>ngy mass, 
which is easily detachable by hand. This mass must 
not be recovered in the presence of air, or it would 
oxidise away. It is covered with powdered charcoal 
and coke breeze, and is melted in a closely-covered 
crucible. 

ZINC 

Zinc was one of the last of the common metals to 
come into extended industrial use. There is evidence 
that it was known k) the ancients, because zinc 
bracelets have l>eeii found in the ruins of Eastern 
cities which wore destroyed several centuries before 
the opening of our era, hut the knowledge was 
evidently lost, Ix^cause during the long Middle 
Ages zinc was unknown to Euro]>e as a metal. True, 
brass used to be manuhicturefl by heating copper 
in a mixture of calamine (the on* of zinc) and char- 
coal, but the metal zinc was not known to l)e 
procurable from this ore. During the third decade 
in the eighteenth century Henckel discovered that 
zinc could In* obtained from calamine. But it was 
about a century later before what may Ixt termed 
the zinc industry was established. Thus, zinc may he 
said to be about one hundred years old as a com- 
mercial product, and the process of galvanising, or 
coating iron slveets with molten zinc, to impart 
powers of resistance to corrosion, was first applied 
only seventy years ago. 

The w'orld's chief sources of zinc ore an* Germany, 
Italy, Spain, France, Sweden, Austria, Algeria, 
Great Britain, New South Wales, Greece, and 
Belgium, this being the order of hn|x>rtance. 
The chief producers of zinc are Germany, Belgium, 
France, and Great Britain, in the ordw named. 
Tims, the smelting and refining of zinc ores does not 
belong essentially to the districts where the ores 
are found. Zinc ores carry high percentages of zinc, 

that transjKjrt in their unreduced state is 
relatively inexpensive. 

Zinc Ores. There arc two main zinc ores — 
calamine, or carbonate of zinc (Zn(X)..,), and zinc 
blende, or sulphide of zinc (ZnS), which the miners 
term ‘‘ black jack,” on account of its deep black 
crolour. Minor sources are the oxide of zinc, whi<di 
usually occurs in combination with oxide of man- 
ganese and zinc silicate. 

Characteristics of Zinc. Zinc is a bright 
bluish white metal, with the atomic weight 05*4, a 
SfKK-itic gravity of about 7*125, which rises if it be 
cooled rapidly, and a melting point of 415’ ('. 
In Mohs’ seak^ of hardness its place is 2*5. Its boiling 
]>oint is 020° C.’., but it bums in the atmosphere at a 
feraperatupe of 5(K)° C. The texture of zinc is laminar, 
sometimes granular. Its fracture is granular or 
cr3rHtalline according to the temperature to which 
it has iK^en raised in casting, and is easily recog- 
nisable. When heated over 100° C. the metal 
comes ductile and may bt*. rolled into rods or sheets, 
or drawn into wire. After cooling subsc^quent to this 
treatment, it remains ductile. Thi^ tensile strength 
of zinc is between 7,<»00 Ib. and K,0(K) lb. per 8i|UJirc 
inch of section ; its thermal eririductivity is 28*1 


(silver ~ J(X)), and its electrical conductivity is 
16*92 (mercury at0° C. = 1). 

Tlio ores are formed in two distinct forms — in 
mineral veins and in irregular deposits. Of the 
former class zinc blende is the most abundant, and 
within the last two do(‘>ades it has taJten place above 
(calamine, which was tlic first form of zinc ore to be 
treated. 

PrefMLrtng Zinc Ores. Since the mcc))tiou 
of the zinc smelting industry, the plants and pro- 
cesses employed have undergone modification, and 
we sliall consider only those practised ti>-day in 
modern works. There are two main processes, 
termed respectively the Belgian and the Silesian. 
They differ in the retorts and furnaces used, and in 
tlie methods of handling tlie ore. Zinc ores, having 
been rased to the surface, are concentrated so that 
the cost of furnace treatment may Ik* reduced. C^n- 
(tentrating merely means rejecting tlic valueless or 
objectionable j)ortions of the or(‘ mass, Jetiving the 
selected rich pieet's to be treated. Thim* }>rocesscs 
of concentrating an* in practice, and S|)ecific ores 
may be subjected to one, to two. or to all three of 
these iirocesses, which are Iiand separation, gravity 
separation, and magnetic separation. The pro- 
cesses employed in individual cases defH*iid u|M)n 
the class of ore under treatment. 

'rho ore as broiiglH from the shaft is usually 
broken either luecdiaiiically by jaw crushers or by 
hand. The latter practice is the better, although tlie 
more costly. It is usually practised when low wsiges 
rule in the district. Hence it is common in Gentral 
Euro|K*, hut infre(^uent in America. Mechanical 
breaking causes too heavy a loss by making “ fines,'* 
or dross, and it is valuable zinc-carrying rock that 
is jiiusl e^isily made into fines. Hand-breaking with 
hammers is thus the better jnractice. 

Having been broken, the ore is screened to 
remove the lities. The remainder is then sorted by 
hand. The licst mctluKl is by u circular revolving 
table, or by a long belt (’xinveyer. In either case llie 
work moves in front of tJie o|)erator at suitable s}K*tal. 
and he or she (for in (’ontinental Euro])e th<^ sorters 
are often women) removes the pk»ces according to 
instructions, putting the wastt* aside and retaining 
the blende or calamite as the liase may be. 

The process of gravity separation requires, first, 
that the ore should be crushed to such a fineness 
lliat the minerals are well seiiarated. The crushed 
ore is carefully screened, which grades it into various 
sizes, and each size* is washed and treated by itself in 
tanks or buddies, such as ore used in other metal- 
lurgioal processes, and w'hich are descril)ed in Tin 
Kec.ovOTy. 

The magnetic separation in zinc ore concentra- 
tion is practised in New South Wales and in America. 
It is somewhat costly, involving the use of exjH'nsivc 
plants, but it has been found to be remunerative. 
Zinc and zinc oomtioundH are non-magnctic, or, at 
most, only feebly magnetic. Hut if thi^ ossof tinted 
iiiinerHls in the zinc ores are magnetic, they can 
easily be seyiarated by magnetism. For instanoe, 
in Bohemia iron in the form of siderite is sejiarated 
from zinc by heating tlie jnass, then grinding it 
und screening it, and finally treating it in magneti • 
sf^parators. In Pennsylvania also the zim^ ores 
which carry franklinitc, willcmite, calcitc, zinkite, 
and tcqihroite, are sc])arated by a direct magnetic 
process without previous roasting. 

Calciiiin£2^nc Ores. Wlien the ore has Ikkui 
concentrated in the manner desitribod, it must he 
calcined to remove the carbon dioxide and water, 
and also to make it more ]>orous. Roasting decom- 
poses (;arbonatc of zinc into zinc ox.tde and eiu’bon 
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dioxide, and nearly all of the latter i« driven off. 
The roaftted mass weighs only about 65 |M5r cent, 
of its original weight. 

The process of roasting may be carried out in the 
open, the ore being piled in heaps, or it may be 
done in reverberatory or shaft furnaces. The first 
method is the most costly and wasteful, and is not 
suitable for calamite, although it was formerly 
employed for “ blende ” ores. Some sulphide ores 
(such as nickel ores) are roasted in the open, as their 
sulphur contents supply a great projairtion of the 
heat necessary for their calcination. Thus for zinc 
a furnace of some sort is almost invariably em- 
ployed. A common shaft furnace of the limekiln 
type may serve, but it has the objection that the 
<vil(‘ined ores are mixed with the fuel ashes. Such 
furnaces run to 20 ft. high, and treat up to 30 tons 
each 24 hours, the fuel con8umj)tion being from 
3 ]K^r cent, to 0 per cent, of the ore before treatment. 
The shaft furnaces are sometimes grate-fired ; these 
give a cleaner result, but are more expensive in 
fuel charges, these running from 6 i>er cent, to 
ft ] 7 er cent, of the raw ore. Their capacity also 
is only half that of the ordinary shaft furnaces. 

Several varieties of the reverberatory furnace are 
employed, and these furnaces arc the only suitable 
means of treating “ fines.” They are more expen- 
sive than shaft furnaces in both labour and fuel. 
Sometimes they are heat<<id by the waste gases from 
reduction furnaces. In Kansas and Indiana natural 
gas supplies the fuel. 


Calcining Zinc Blende. Bfmdc. the sul- 
phide ore of zinc, must be calcined to re<iucc the 
sulphide to an oxide, and the contained carbonates, 
if any, must also l)e converted into oxides. In prac- 
tice, it is found im])ossiblo to remove the sulphur 
entirely, and up to about 2 ]»er cent, may remain. 
The ore must Ik? finely crushed, and may not be 
coarser than can pass a mesh of in. Calcination of 
zinc blende redticcs its weight by 12 ]K*r cent, to 
20 per cent. Th(? operation is iK*rformed in shaft, 
reverberatory, or muffle furnaces. Preliminary 
roasting is fre<juently conducted in shaft furnaces, 
and the sulphur, which may have been up to 30 per 
cent, to 35 ]K?r cent, of the raw ore, is reduced to 
7 per cent, or S ])er cent. The sulphur dioxide given 
off may be used for the manufacture of sul])huric 
acid fst?c page 4627], 

The final roasting when shaft furnaces are used 
for the firelimiiiary roasting — or the only roasting if 
the shaH furnace has not l)een used — takes place in 
either a reverberatory or a muffle furnace. The 
former is adopted when the gases given off are not 
to Ik? used, and the latter when they are to be used 
for sulphuric acid manufacture. Muffle furnaces 
yield gases rich in sulphur dioxide, and calcine 
the ore thoroughly. The gases of reverberatory 
furnaces, on the otlier hand, give gases very low 
in sulphur dioxide, which cannot be profitably 
utilised. Before the gas can be allowed to pass 
into the atmosjihere, however, it must be diluted 
or otherwise treated so as to render it innocuous. 


Zinc Distillation. The next process in the 
treatment of zinc ore after it has been concentratetl 
and converted into oxide is the recovery of the metal 
by distillation. Zinc oxide when heated to a high 
temperature is reducible by carbon or carbon mon- 
oxide. Practice employs a heat of 1300° C., although 
the precise reduction heat is below this. The metal 
is reduced in retorts or muffles to the form of vapour, 
which is liquefied by cooling to about 500° C., 
and is collected in clay vessels called receivers or 
adapters. 


The Belgian retorts have a round section, the 
Westphalian are of oval shape with a flat base, and 
the Silesian are Q -shaped. They are usually made 
of fireclay and burnt clay, and it is essential that 
they should be of as refractory a nature as possible. 
The receivers or adapters in which the zinc vapour 
condenses are short tubes of i;lay which are luted 
to the end of the retorts. The furnaces in which 
the retorts are heated are shaft furnaces, and are 
fired externally. The retorts .are ranged in tiers, 
and slope forward in the furnaces. The zinc oxide 
is charged into the retorts with from 40 jKjr cent, 
to 60 }>er cent, of its weight of coal or coke. Some- 
times the charge is pressed into blocks with tar. 
The actual process of distillation requires care. The 
furnace is fired for some days before the retorts 
are charged, and at first the charges which arc 
introduced into the retorts after removing the 
adapters are light, but are gradually increased. 
A retort charge is usually about 631b. of ore, and is 
reduced in twelve to twenty-four hours. The con- 
densed zinc is raked into ladles from the adapters 
into iron moulds, and forms ingots weighing from 
401b. to 44 lb. After a charge has been reduced the 
residue is raked from the retort, which is again 
charged with a fresh supply of material, and the 
process is repeated as before. 

Refining Zinc. The zinc drawn from the 
adapters may be sufficiently pure for commercial 
jmrposes if the ores have lx;cn carefully selected, 
but it may, on the other hand, contain fair pro- 
portions of iron and lead, which can be removed by 
a simple process of refining. The crude zinc is melted 
gradually again, and kept in that state for some 
time. th? iron rises to the surface, and may be 
removed as scum. The lead sinks to the bottom and 
the zinc may be drawn off, leaving the lead : or the 
underlayer of lead may be removed by an endless 
screw working in a cast-iron pipe. The higher the 
purity of the zinc the greater its value, and while 
pure zinc is almost impossible to obtain, care in 
selecting the ores and in the subsequent treatment 
will give something approaching chemical jnirity. 

Zinc Alloys. The most important use of zinc 
is in the galvanising trade, and the processes of 
galvanising are discussed later. The next most 
important use is as a constituent of alloys. In 
alloying, many metals — including tin, nickel, 
aluniinium, manganese, iron, and copper — exercise 
a stronger colour infiu(*nce than zinc, while zinc has 
a stronger colour influence than lead, yilatinum, 
silver, and gold. This means that the metals which 
we describe as having a stronger colour influence 
impart their colours to those lower in the scale to 
an extent much higher than their proportion of 
the alloy. The most important binary alloys of 
zinc are with copper and with aluminium. Zinc- 
copper alloys form brass and yellow metal, and these 
constitute a scdenco in themselves [see next article |. 
The two metals unite in all proportions, but for 
industrial use the proportion of copper is seldom less 
than 50 yier cent. When zinc is in excess the alloy 
loses strength, and the higher the excess of zinc the 
weaker and harder is the alloy. Increase in the copjier 
pro|K)rtion of a zinc-copper alloy gives a deeper 
colour, fit the same time increasing the malleability 
and softness. Alloys having up to 35 |)er cent, of 
zinc can be rolled and drawn only if cold ; if the zinc 
proportion bo from 35 per cent, to 40 per cent., the 
alloy can be worked either cold or hot. Brittleness, 
and therefore difficulty of working, increases ns 
the zinc increases. The most ductile alloy contains 
from 15 per cent, to 20 i>cr cent, of zinc, and sheet 
brass for fine work has this pro£K>rtton. Brass for 
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cartridge has 28 per cent, of zinc. Cast brass usually 
contains more zinc, as it is the cheaj)er ingredient,* 
from 30 per cent, to 40 ]>er cent, being common. 

Alloys of zinc and aluminium are important 
industrially, e8}woially since the reign of the motor- 
car began. Castings containing from 25 per cent, to 
33 per cent, of zinc are clean and sharp, besides being 
very strong and capable of l>eing machined easily. 

With lead, zinc has very little alloying power, as 
the two metals unite to a very small extent. K^h of 
them can dissolve not more than 1 *0 per cent, of its 
fellow. Bismuth and zinc are also unsuitable for 
alloying. It has been found that zinc can dissolve 
only 2*4 })er cent, of bismuth, and bismuth can dis- 
solve not more than 14*3 jier cent, of zinc. Zinc 
amalgam — that is, an alloy of zinc and mercury — 
is us^ in the zinc anodes of galvanic batteries. In 
its preparation, a zinc plate is heated to about 
500 F., and aftef being coated with a brush with a 
solution of chloride of zinc and ammonia, it is dip]>ed 
into mercury. Anodes prepared thus give currents 
more constant and intense than do ordinary zinc 
plates. 

Sheet Zinc. Zinc has been used as a roofing 
material for about a century. Nowadays, galvanised 
steel sheets have a mu(‘h wider ap])lication than 
ziii'^ sheets for rooting. Hut the life of a galvanised 
iron roof is seldom longer than fifteen years, even 
with i^eriodieal painting, w'hile the life of a zinc roof is 
indefinite. Some zinc roofs are in good condition 
after forty years of service. The sheets of zinc 
used for roofing should not be .soldered when they 
arc to be subject to wide degrees of tem}H‘rature, ns 
the contraction and expansion of zinc is higher than 
those of other roofing metals. Nails used with zinc 
roofing should be of zinc, or, ut least, should 
galvanised. A zinc roof has the advantage of 
lightness, being only about one-fifth as luvivy as a 
lead roof — zine slieets 1 e ng thinner than lend 
sheets — and one- tenth as heavy as tiles. 

Other uses of zinc sheets include their Hus]>en.sion 
as plates in boilers to prevent corrosion of the 
boiler shells. The galvanic current whichthey induce 
causes the lime and organic matter to act u|K)n 
the zinc instead of on the l)oiler, thereby ])rotecting 
the latter. Thin zinc sheets, sometimes purchased 
(iS flat discs and sometimes turned off the zine l)ar 
in spirals, are used in gold extraction by the cyanide 
pro<;eas. Perforated sheet zinc — the perforations 
being round or ornamental in form — is used ex- 
tensively for ventilators, and for domestic meat 
safes. As lining for packing-cases and coffin.s, as a 
material for hollow-ware, such as watering-cans, 
buckets, etc., sheet zinc has a limited but useful 
consumption. The printing trades use zinc exten- 
sively for process blocks. 

Other Uses of Zinc. Zinc castings—exeept 
so far as zinc enters into brass as an alloy — have 
not an im]K)rtant industrial use, but many cheayi 
ornaments are made of cast zinc, electroplated or 
otherwise finished. 

VAnc ox^d*‘. or zinc white, .as it is termed cominei*' 
cially, is preymred by burning zinc and leading 
the fumes into condensing ehamlKus. It is used as 
a pigment, and also in medicine. Zinc chloride' is 
us 'id as a caustic in medicine, and also for weighting 
cotton goods, and in mercerising cotton. Zinc 
mdj)hate is used in dyeing, in calico yirinting, and in 
medicine. 

Among the cheay)or metals, zinc excicls in the 
]iroy)erty of resisting atmospheric action. For this 
leason iron and steel, and sometimes other metals, 
are given a thin coating of zinc, which yvewmts a. 
closed surface to the agents of corrosion and oxida- 


tion, and prevents these latter from penetrating 
to the surface beneath. The process of zine coating 
is termed galvuniaing. 

Processes of Galvanising. There are 
three different processes of galvanising — the hot 
]>roce88, the electrolytic process, and tlie dry 
or oxide process. The first named is the original 
yirocess, and is practised by nearly every brm who 
do galvanising work. It has many advantages, 
although it has a few disadvantages ; but the former 
have, uy) to the present, been held fo warrant 
faithfulness to it. It is suitivble for all closst^s of 
work — .sheet, cast, and wrought iron and steel. The 
yfiant must be large enough to handle the articles 
to be galvanistnl, of course, but there is no class of 
work tliat cannot l)e imdertakcn by it. No other 
method is suitable for what is termed galtxinisvd 
hollow-ware — tliat is, articles such as buckets, bins, 
w’ater-yxits, and other containers of sheet iron or 
steel that have to l^e galvaiiis«»d. Such articles are 
made with seams which are not always w'atcrtight, 
but the molten zinc during the yiroet'ss of galvanising 
lodgi's in these seams, doing duty ax a sefider. and 
rendering the vessel fpe<^‘ from leaks. The hot process 
also is eayiable of giving a u'alrrrd or ftpanglrd 
effect which no comy)el ing yrocess hitherto tried is* 
able to yroduce. 'J'his surface is for some ymry>os<‘s 
better than the uniform gray surface attniucid by 
other processes. It may be noticed often, but not 
always, on galvanised corrugated iron and on gal- 
vanised buckets. The sec'ond process, that of electro- 
lytic dey>osition, has as its recommendation that 
it u.ses much less zinc than the hot yirocess, and 
may be less ex|>c*nsive : the coat is more uniform than 
that given by the hot process, and it may be utilised 
by firms who have not a special galvanising plant, but 
wdio have an clectroydating plant. 

The third, or dry ]>rocesH, is the most recently 
introduced and has not yet been widely adoy)t€‘d. 
Except that it roipiires a sysMual and an exf)t*nsiv(‘ 
})lant, it has all the advantages of the second pr()ct‘ss, 
to w'hich we have made reference. Its syiecial value 
lies in its cheaymess. It is eminently suitable for 
small castings, stampings, or forgings. It is the 
yia tented process of Mr. Sherard ( .’owy>er-C'Oles. 

We may now proceed to consider in some detail 
the several yirocesses. 

Plant for Hot Galvanising. In y>re- 
fercnce to describing the enormous yfiants that exist 
in the large galvanising works, we shall give atten- 
tion to the needs of a man who wishes to install a 
ydant for small requirements. Work for a large 
galvanising y)Junt must come forward with regularit y 
and in large quantity. The bath of molten zinc, 
usually containing 
several tons of 
metal, must be 
keyit hot constantly 
whether work is 
going through it or 
not, because if the 
bath, or ketUe, be 
allowed to cool — 
that is, to solidify 
— it cannot be 
melted again with- 
out breaking uyi the 
kettle — an enor- 
m o u H e X 0 n K e 
which every gal- 
vanising works 
manager is care- 
ful to avoid. 

But nothing so 8 . <;ALyANisiN(i plant 





(JiBafttrous follows the solidifying of a kettle contain- 
ing two or three hundredweights of zinc, although 
it is better that even these should be kept in 
(constant work. 


A galvanising plant should be situated in a 
separate building, us the fumes from the acid used 
are destructive to tools and machinery. The build- 
ing should be well ventilated, the water supply 
abundant, and the drainage fn^rfect. In 8 we show 
a good arrangement for a galvanising plant, and 
tlu‘ various parts of the plant should be as follow. 

Galvanising Kettle and Tanks. The 
kettle is a long trough built in brickwork, having 
Hues some way u]) the sides. It should he not less 
than 30 in. long, 20 in. deep, and 18 in. wide. 
This size would be of no use for large work, such as 
corrugated sheets, which, however, would not be 
handled by a small plant. 
The kettle should be made 
of l)c*st Hre-bo.x sU'cl, not less 
than j in. thick. A good 
sectional view of an ef!i(uent 
kettle of small size is shown 
in "J’he fire underneath 
must he of a size to keep the 
zinc in a molten eondifion. 

The tanks for acid and cleaning liquid are 
merely rectangular boxes of a suitable size. If 
it be desired to e(ionoiuise. an oil barrel, sawm 
in halves, will make two suitable tanks. If is 
sometimes considered well to have the. acid tanks 
lined with lead, but this is by no means necessary, 
and (he ex])ense may well l>e saved. 
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Sundry Tools. Th<* liand fools ii.sed by 
galvanisers (Consists of tongs of a shape suitable for 
the work to Ije undertaken, of baskets of woven 
wire or perforatetl iron, and sundry wire tools, bent 
to different shapes. In 2 arc shown some tools 
generally used, and the dc^serii)tion attached ex- 
plains their purj)Oses sufficiently. 


Firing the Kettle. Some precaution i.s 
necessary in firing a kettle for the first time. The 
lire should not bt* allowed to raise too great a heat 
before the zinc, or ftpellrr, as ingot zinc is called, has 
begun to molt, or the shell of the kettle will suffer, 
'f’hc blocks of s])elter should be made to lie right on 
the sides of the kettle, so tliat as the blocks 
next the kettle melt the other blocks will be forced 
into the same positions. The batli may lie kept at 
a uniform tem])ernture by the use of a pyrometer, 
and some device is usually aduj)ted to ]uevent the 
stem of the pyrometirr from confiict w'ith the molten 
zinc, although making the same reeonl as if it w’cre 
in dire(*t contact. A device sometimes adopted is 
to have the pyrometer stem in a steel tube, closed 
at its lower end and filled with lend, in the middle 
of which the stem rests. 


Removing Scale. Most work to be galvan- 
ised must have scale and rust removed before it is 
suftiiiently clean to result in good work. This 
process is known as picJcihig. It is a(!Compli.shod by 
immersing the work in a solution of 1 part of 
muriatic a(ud (otherwise known us hydrochloric acid 
or s]>irit of salt) in 20 parts of water. It may b<^ 
nec.essary to assist the removal of the scale with a 
tool such as a wire brush or file. A weaker tick! w)lii- 
tiou should be used for wwk w ith an uncipial scale, 
otherwise over -pickling may t^rke placa*, and this 
seriously prevents the adhesion of a good de})Osif. 
of zinc. Sandy castings cleaned by jmuring 
over them a solution containing one part of sulphuric 
acid to six parts of water. They should be placed 
on a table or tray, and have the solution ]>oiired over 
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them about every hour until the sand can be 
entirely removed by washing with water. 

The Acid Bath. The work is immersetl in 
mil riatic acid before going into the zinc kettle. This 
acid serves as a flux, and also cleans the surfaces 
finally. If the work has some adhering rust, it 
should be kept in this bath long enough to remove 
the rust. The acid used is sometimes full strength, 
but a better bath is equal parts by volume of 
muriatic aeid and water, with 1 lb. of sal ammoniac 
added to each gallon of liquid. 

From the acid hath the work is taken to l>c dried, 
and many methods of drying are adoyited. In a 
small })lant, the drying table may be heated from 
the fire that supplies the kettle, but in big ])lantK 
separate fires are used for drying the work. The 
muriatic acid should apfiarent on the dried work 
as a white adhering powder. After drying, the 
articles should be put into the zinc kettle before 
they become cold. 

The Molten Bath. The molten zinc should 
be at a tcra|)crature suitable for the work lieing put 
through, and a pyrometirr is the only means of 
getting exact results. Different elas.ses of wwk 
reijuirti different degrees of fluidity, or, in other 
words, different degrees of heat. For large gray iron 
castings, the metal should lie about 775" K., and for 
thin work, where the spangled effect is desired, this 
heat is right. For wrought-iron pipe, heavy malle- 
able eastings, and small castings ust^ without a flux 
a good t/e‘in])erature is about 840" F. For nails and 
other small work, hung on wires or immersed in 
baskets, about 880 ’ F. is the best heat. The surface 
of the molten bath at the place where the article is 
alKiut to bt^ dipped should have throwm on it a few' 
handfuls of sal ammoniac, wdiich, whenever it is 
melted, should be followed by n few drops of 
gly(5erine, to restrain it from sfireading over the 
entire surface. 

Dipping. The manner of dipping the articles 
depends u})on their nature. Washers, for instance, 
are strung on wires, nails and small articles 
are put into wire baskets, ami large articles are 
simply held with tongs. The immersion should 
Im* made us quickly as (lossible, without causing 
s])utU*ring, and the article should be held lieneath 
(lie surface of the molU*n zinc until it is as hot as 
(he zinc it«elf. This time cannot be judged by rule, 
and the only teacher is practice. When the article, 
say, a thin casting, has lieen immersed some time, 
it should rinsed around a little. Before removing 
it, clear a s))ace on the surface where it will emerge, 
and dust that part of the surface witli a little sal 
ammoniac in jiowdor. With one }mir of tongs raise 
the article out of the metal, and with another pair, 
not dipped into the actual bath, complete the witli- 
dra wal. Some goods, such as galvanised hollow- ware, 
require immersion for only a few* seconds, and the 
surface need not be sprinkled w'ith sal amuK>niac 
iK^fore withdrawal. Indeed, slight difftTcnees in 
the minute details of the praetiee give better work 
with different articles, and all these details can be 
learned only by practice. Wire and netting are 
run through the bath by a reel arrangement, and 
some galvanisers of corrugated sheets adofit a 
revolving wheel device to throw u]) the sheets after 
(‘oating. Tlie particular practice must be ada]ffed 
to the particular w ork to secure the greatest ])ossible 
economy. 

Cooling- The article-s are sometimes allowexi 
to cool in the air, are sometimes immersed in cold 
water at once, and, sometimoa, again, the cooling 
water is heated, so that the cooling may not be too 
sudden. If the article has taken on any of the sal 
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articles into the bath and remain 
sometimes by having the metfil at too 
iiigu a n.;iin»erature. The dross should be removed 
j)eriodicalIy, as it retards the work and causes fuel 
exi>ense if it remain. It is removed with a dross 
scoop ("2], and must be done smartly, and de|> 08 itc'd 
quickly, before it has time to harden on the scooi». 
The good zinc is sometimes recovered from tlie dross 
by heating to a high temperature — over 1,000° F. — 
with lead. The mass, on settling, has the lead at 
bottom, with the dross next to it, and the good 
zinc at the top, whence it may be removed and 
utilised. 

Electro-galvanising. The second ]>rocess 
of galvanising, to which we shall devote some 
attention, is tlie electro-deposition of zinc. Where 
the highest degree of adhesion of the zinc to a 
piece of iron or steel is sought, it is attained best 
by the method of electro-deposition. Thus, for 
boiler tubes, and for the hulls of torpedo boats, 
electro-zincing or electro-galvanising is superior to 
the kettle ” method. Exhaustive tests have 
shown that electro-galvanising does not diminish 
the tensile strength of the material to which it 
is applied, as does hot galvanising. Also, the 
coating imparted can be gauged much better than 
with the more common process. 

The Cowper-Coles Process. There are 
several processes employed for the electro-deposition 
of zinc, but we shall confine our remarks to the 
Cowper-Coles process, on account of its success, and 
because of its prominence in this country. The 
work must be cleaned, and this is done in the 
manner described for hot galvanising. The plant 
required for zin*ing 2,400 superficial feet per 
week of 54 working hours, with a thickness of 1 oz. 
per square foot, is as follows : 

1 dynamo to give 1,000 aminTCS at (i volts. 

1 switchboard, measuring and regulating 
instruments. 

1 galvanising tank, 0 ft. by 5 ft, by 3 ft. 

1 jiickling tank. 

1 washing tank, 0 ft. by 5 ft. by 4 ft. 

2 circular regenerating tanks, with fittings. 

1 air compressor, for circulating electrolyte. 

1 set of anode and cathode bars for zincing tank. 

A longitudinal section of such an installation is 
shown in 5. 


The Zinc Hath. Various zinc baths are used 
by different workers. That recommended by the 
inventor of the process consists of zinc sulphate 
350 oz., sulphuric acid 1 oz., and 
water 10 gal. To obtain good 
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bright dc|>ositR of zinc, the solution should be kept as 
free as possible from impurities, and if the electrolyte 
be too acid, a rough dark zinc coating will be given. 
The work to be zinced is secured to dogs fixed to 


disintegrating and causing a rough uneven 
and as the solution is regenerated by circulation 
between the electrolytic tank and the regenerating 
tank, load anodes were tried with success. 

Regenerating the Electrolyte. The 
accepted and economical method of regenerating 
the electrolyte is by adding to the regenerating 
tank zinc dust or tultz, preferably mixed with Sana 
or coke, so as to form a filter bed and to prevent the 
dust from entering the depositing tank, where it 
would increase the electrical resistance. By the 
sy.stom of circulation caused by the apparatus, the 
electrolyte flow's into the bottom of the depositing 
tank by gravity, the impoverished and there- 
fore lighter liquid being drawn off over a sill at the 
end of the vat. When the articles are first placed 
in the bath, it is found well to use ns high a current 
density ns possible, and after a few minutes to 
reduce it to about 15 amperes per square foot. 

8uch, in brief, arc the chief features of the process 
of electro-galvanising. On the score of economy, 
it has much to commend it for certain classes of 
work. When not in constant use, a large hot plant 
demands a very great cxjicnse to keep the mass of 
zinc in a molten condition, a necessity which does 
not exist with the electrolytic process, and this 
consideration is sometimes of paramount importance. 

Sherardising. A process known as sherard- 
ising has been recently introduced, and it is 
projauly a process of galvanising by quite a new 
mefhod. An account of galvanising W'ould be 
neither complete nor up-to-date if it did not take 
notice of it. By the ])roce88 of sherardising, the 
articles to be rendered non-rusting are cleaned by 
]»ickling, polishing, or sand blasting, as already 
described, and are then ])laced in a closed iron 
rcoeptaf'le, charged with zinc dust and heated to 
a tem[)erature of 500° F. to (>00° F.. for a few hours, 
and allowed to cool. The drum is then opened and 
the iron articles removed, when they are found 
to he coated with a homogeneous zinc covering, 
depending in thickness ujion the teiuix^rature and 
the duration of the treatment. 

Sherardising Plant. The zinc used in 
the process of sherardising is the ordinary zinc dust 
of commerce, the market price of which is about 
20s. per ton lower than zinc ingots, or virgin spelter. 
as it is usually called. The process offers another 
important economy in that greasy articles can go 
straight into the sherardising drums without clean- 
ing. The receptacle into which the zinc dust and 
the articles to be treati^d are ))laced is preferably 
airtight. The air is then exhausted, or if this be 
impracticable, carlion, in a fine state of sulxlivision, 
and to the ])roj>ortion of 3 ])or cent, of the zinc dust, 
is added in order to prevent the formation of zinc 
oxide to an undesirable extent, as this dulls the 
appearance of the final coat. The usual type of 
reoeyitacle emyiloyed is cylindrical, or ])olygonal in 
shayie, arranged to be rotated or oscillated during 
the process of heating. The cylinder, when 
charged, is placed in the furnace, a cast-iron shell 
of suitable shape, with a scries of Bunsen burners in 
its lower part. The receptacle is rotated or 
oscillated by hand ]>ower. 

The coating given bv the iirocess of sherardising 
is brighter in ils metallic lustre than that attained 
by electric deposition, although the spangled effect 
of hot galvanising cannot be imyiarted. 


CorUinued 
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THE NURSE AND HER WORK NURSING 

Nursmg' as a Career. Training; and Prospects. The Home Nurse. 1 

Nig;hc and Day Duties. Preparation for Infectious Cases. Bed-making: FoUowjnjr o« 

fta^o 6035 


By Mrs. ROBERT E. NOBLE 


E girl who is contemplating the career of a 
nurse for her life’s work should count tlie (!Ost 
carefully. The work, though interesting, is ex- 
ceedingly arduous, iuid the physical ana mental 
strain of service in the wards makes great demands 
on the nurse’s strength and staying power. Many 
would-be nurses sjKiil their chances of attaining 
any high degi-ee of success by a disadvantageous 
use of the years that must elapse between school 
and lios])ital training. A daily round of petty 
social duties, hours of idleness lengthening into 
two or three years witJiout any definite work, 
totally unfit a girl f«)r the strenuous and method i<‘al 
routine of hospital work. Some daily task or study 
sliould be undertake'!! which will nece'ssitat^ the 
cultivation of habits of punctuality, neatness, tact, 
and ])atience. These <|U!iiities are indis|^nsabk‘ 
for siH'cessful wtirk as a nurse, and must be acquired 
soont'r or laU'r by any girl who wishes to make 
headway in the jirofession. 

How to Enter the Profession. The age 
for training varies slightly in various hofq)itals, the 
limit iH'ing usually froni twenty-three to thirty-five*. 
Some nurses begin their training at a lower age. 
spending a few years in a children's hospiUiI until 
the neca^ssivry age for adult training is reached. 
(Khers study s]>ec-ial subject/S, such as the nursing of 
fevers, massage, etc., but more benefit is derived from 
these s|H*ciaI courses if they arc taken at the end 
rather tluui at the beginning of the full ctmrsc. 

Several months before the intending nurse wishes 
to begin her training site should wriU* to a number 
of hospitals, and ask the matron for a copy of the 
rules for ])robationers. Having carefully studied 
the regulations, the next step is to obtain a ])ersonal 
iiiU^rview with the matron of the particular hospittil 
selected. 'Khis interview is of the grtmtest im- 
portance for the candidate for traming, sima' the 
practised eye of the matron enables her to detect 
quickly the presence or absence of those qualities, 
physical, mmtal and moral, which are es-sential 
to the successful nurse. But, since standards of 
judgment vary considerably with the individual, 
an intending nurs(‘ who has made up her mind to 
work at the j^rofession in ?i. whole-hearted manner 
should not be dishoart-ened if her first ap])lication 
does not meet with a satisfactory recept ion. If she 
is not strong (mough for general training she may 
be able to take up some special branch, such 
as the nursing of children, massage, or midwifery. 

Choice of a Hospital. When making her 
(moice of a hospital at which to sc^ek training, the 
candidate cannot be too careful. Many inferior 
institutions which cannot ofTcr real training 
advertise for probationers. Such adviTtisements 
should bo regarded with the greatest susfucion, 
for a really good training-school is never in want 
of applicants, and it is absolutely essential to train 
at a school which can wnfer ti rt'<’.ognisod certifi- 
cate at the end of the course. 

Many institutions have attnclicd to then! a 
preliminary training school, in whi(di the })robn- 
tioiier passes a few weeks before entering on her 
work in tlie wards. She is th"r<' taught, by means 


of lectures and practical work, elementary anatomy, 
physiology, hygiene, bandaging, the making of 
dressings, the use of instruments, sick-room cookery, 
housework, etc. With this useful preparatory 
knowledge, the ])robationer signs her agreement for 
three years’ training and enters upon her full course. 

The salary she earns depends upon the hospital 
she enters. For probationers, it varies from £S 
to £15 a year, with board and lodging, and generally 
uniform. In a few cases the probationer pays for 
her training during a part or the whole of her 
(bourse. 

The Nurse's Ward Duties. Her work 
in the ward kerqxs her usually both busy and 
interested. At first the i!iultifarious duties arc 
coi!fusing and fatiguing, but the methodical 
arrangement of the work lightens it as far as 
possible for all concerned. Then the exact times 
of entering on and h'aving duty vary in each hospital, 
hut ])unctuality is the first of all necessities. The 
in!rsc must not remain in the wards when off 
duty,” neither must she visit other wards unless 
sent by someone in authority. She rises caeh morn- 
ing about ().30. and breakfasts about 7.15, being 
ready, after prayeis, to go on duty in the wards at 
eight o’cloirk. During the morning the probationer 
will [iolish the metal-work of the ward, taps, etc., 
wash up the breakfast things, dust the ward, scrub 
the lockers and doctors’ tables, and help with the 
imtients' luncheon and dinner. In tuni all the 
probationers go to their own dinner, having in 
moat hospitals about three-quarters of an hour for 
the purpose. 

Returning to their duty in the ward, the proba- 
tioners clear away the dinner things, wash the 
knives and forks, make beds, dnst. and sweep the 
wfU’d, and help witJi the patients’ tea. Then, at 
al>out five o'clock, coi!ies half an hour’s interval 
for their o\^ti tea. During the evening they again 
make the patients’ beds, help to wash the patients, 
serve aiipjKjr, tidy up the ward, and prepare it for 
the night by making up fires, and so on. Then, 
after their own sii})per and prayers, they retire to 
their own rooms, and all lif^ts are out by eleven 
o'clock. 

The Probationer’s Opportunities. 

This, in brief, is an account of the daily routine 
of the probationer nurse. Her work is hard, and 
every minute of her day is filled. But she has the 
advantiige of associating with young women of 
her own age, with similar interests and ambitions. 
During lier first year in the ward she does little 
actual nursing, hut she has abundant opportunities 
for learning. Skilled nursing is going on around 
her ; if site keeps her eyes and ears o|>en, and is 
always on the alert, she will gain invaluable ex- 
pta ience and a thorough insight into her work. As 
far as ^Mjssiblc the nurses help the probationers by 
ieacdiing them and by seeing that their allotted 
tasks are well perform^. 

The work of the nurses necessitates more skill 
than that of the probationers. The former watch 
and attend to the more critical cases, give mcdicinc.s 
and stimulants under the supervision of the sister 
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of the ward, nnd assist with the general work of 
looking after patients and keeping the w’ard in 
order. 

The nurse’s salary varies from £18 to £3(), with 
uniform. lJuring their throe years’ course, nurses 
in training attend various lectures bearing on their 
work, on such subjects as physiology, anatomy, 
pharmacy, and dispensing. They take notes at 
these lectures, and attend weekly classes held by 
the sisters, in which further instruction is given. 
At the end of the various courses examinations are 
lu*ld, w'hich each probationer is required to pass. 

In turn, all the nurses arc on “ night duty.” The 
whole of their daily routine is then changed, since 
they sleep between the hours of 1 and 8 p.m., and 
go on duty at about 9 o’clock in the evening, 
remaining there, Mith short intervals, until the 
return of the day nurses at S a.m. next morning. 

Besides the necessary duties set apart for me.als, 
all the day nurses have delinite off-duty times each 
day. Probationers get a regular off-duty time of 
from one to three hours daily, with occasional half- 
days, and a whole day about once a month. The 
nurses get longer ” off-dutv ” times; but, unless 
they have a s])ecial “ p;uss signed bj’ the matron, 
every nurse is expected to l)e in hospital at 10 p.m. 
The annual holiday varies from two to four weeks, 
according to the .seniority of the nurse in training. 
A ])robationer who.se work is unsatisfactory may 
Ik? required by the matron to withdraw without 
finishing her course, in which case no certificate is 
granted. 

The Branches of the Profession. At 

the end of her full training, the nurse has 
various courses o|K?n to her. She may obtain a 
staff appointment, and remain at the hos))ital as 
staff nurse or sister. Many nurses ]>roceed to 
.study some S|>ceial liranch of nursing — mental, 
infectious cases, ma.ssage, midwifery — and find 
their additional knowledge invaluable when accpiired 
at the conclusion of the three years' general training. 

About two- thirds of the nurses trained take u]» 
])rivate nursing at the (*onclusion of their hos])ital 
course, either working inde]K'ndently or associating 
themselves with the work of an institution. In 
the latter case, the nurse only gets, perha])s, a per- 
centage on the money she earns ; hut she has a 
small and regular salary, and her risks are few. 
By the co-o 7 )crative 8y.stem a number of nurseji 
combine together to minimise ex]>enscs, and the 
risk of having to refuse cases becomes les.s. The 
indef)endent nurse is fortunate in retaining all the 
money she earns, but her risks are greater, and she 
may lose her connection by her inability to aece])t 
all the work offered. Many nurses “ specialise ’’ 
after leaving the hos])ital, although in the wards 
they all have cx]^rience of both medical and 
surgical nursing. Then a large number of nurses 
take service abroad, working chiefly under the 
Colonial Nursing Asswuation as missionaries. Others 
take up district nursing, which includes the 
various ways in which the poor are nursed in their 
own homes. To carry on this ))hase of work 
successfully, the nurse must not only be skilful in 
her profession, hiit must also have a deep sympathy 
with the poor. She should be interested in the 
life and social condition of the |K*ople, and be 
]M-ey)ared to work hard for a smaller remuneration 
than she would obtain in other branclies of her- work. 

Poor-law nursing offers a good o|K?ning for an 
energetic nurse. Many of the various infirmaries 
and asylums have excellent training courses, but 
the nurse should carefully ascertain if the school is 
recognised and can confer a certificate. 


Special Appointmente. Nurses who have 
obtained full training in an adult hospital are eligible 
for appointments under the Local Government 
Board. These posts are ver 3 ^ responsible, and give 
great scope for an energetic nurse who wishes to 
work her way up until she becomes matron of a 
large hospital. It is in an infirmary or asylum 
that the nurse has the opyiortunity of seeing thf? 
course and nursing of infectious diseases, etc. 

During tJie last few years a number of training 
nin*8es have taken uy) naval and military nursing. 
For work in naval and military ho.spitals candidates 
must have been through the full training course in 
a general ho9j)itAl. The rate of payment is good, 
varying from £30 for a sister to £^) for a lady 
superintendent. In addition to these salaries the 
nurses are given furnished quarters and an allow- 
ance for fuel, light, and food. 

Whatever work the trained nurse decides to 
ado})t, she will find the three years’ general training 
invaluable. The habits of neatness and methodical 
work acquired in the ward must be ret^uriod 
throughout her career. A slipshod nurse prohibits 
her ow'u success, and in this, above all other 
yirofessioms, personal nOHtne.s8 and daintiness is 
e.ssential. 

The mental qualities of the nurse are very im- 
ymrtant She must have ydenty of y)atienee and 
tact, and a keen insight int^ human nature. A 
quiet manner, accomy»anied by a firm but gentle 
attitude towards the patient, is very necessary. 

It is absolutely necessary, too, that the nurs(? 
should have good health. Any particular form of 
y)h\’Hical W’eakness soon reveals itself under the 
strain of hospital life. A slight, short girl, of light 
weight, W’ould find the effort of lifting and assisting 
heavy patients too great. The nurse’s ej'csight also 
should be strong, and her .senses of smell and 
hearing yx?rfect. 

Given these conditions, a girl who is really 
interested in the work of tending the sick should 
find in hosy^ital nursing admirable scope for her 
talents. 8he will not only have a healthy and 
interesting occii])ation, but will be accpiiring skill 
which will ensure her a certain income, and may 
enable her to secure later in life an imy>ortant and 
responsible apy^ointment. 

The Home Nurse- A good nurse will 
ever keep in mind that she has three distinct 
duties to y)erform — her duty to the ymtienf, 
her duty to the doctor, and her duty to herself. 
Not one can she afford to neglect without 
affecting the others also. Her first duty is to aid 
in every ywssible way the recovery of the patient, 
and this Can only be done by rigid obedience to 
the doctor’s directions and attention to her own 
health. Towards the patient her attitude should 
be firm, yet kind and gentle. A dictatorial and 
overlK?aring manner is to be condemned in a 
sick-room, and the yiaticnt is far more likely to be? 
ywrsuaded to take food or medicine, or ficrfonn 
any other uncongenial task, if the nii.se approaches 
the subject tactfully. 

The home nurse should cultivate an even nnd 
cheerful temyier. She must be very sympathetic, 
hut must never allow complaints or criticisms of 
the doctor’s treatment. She must bear in mind 
that confidence is a great factor in recovery, and 
her patient’s chances of getting well soon are 
damaged when distrust of the doctor creeps in. 

An observant and intelligent nurse is the doctor’s 
most valuable helnmoet. She is constantly with 
the patient, and has, therefore, exceptional 
opportunities for noting slight changes in his 



oond'itfon. The doctor only ootneB at intcrvalR, 
and to a certain extent he ie dependent njjon the 
nurBe'B watchfiilnoBB and her accuracy in reporting 
detailB, liowever slight. It is always better to 
tell the doctor too much rather than too little ; he 
cum then sift the wheat from the chafT and make 
the most of all the information he has received. 
1'he nurse will do well to keep a careful record of 
all that happens between the doctor’s visits, noting 
the patient’s pulse, resj)iration, and temjierature 
at given intervals, the amount and character of 
the patient’s sleep, and any other records the 
doctor may wish to have. 

The Doctor’s Visit. It is one of the 
nurse’s im])ortant duties to prepare for the doc- 
tor’s visit. Everything should be in readiness for 
him, since his time is valuable, and it is exciting 
and worrying to the patient to see hasty prepara- 
tions being made. Hot. and cold water and a 
hand-basin should be ready for use, together with 
some antisept ic; soa]) and clean towc;ls. When the 
doctor arrives the nurse should, if pcjssible, see 
him for a few moments in a room adjoining the 
sick-room. She; can then give the doctor the record 
of the ])atient’B state, telling him all she can of 
his cumdition since the ]»revious visit. 'Phis 
should be done out of sight and hearing of the 
patient. Khe slioulcl be ready to take the doctor's 
tlieriuoineter after use. wash it cuirefully in some 
disinfectant solution, dry it carefully and replace it in 
its case, returning it to the doctor without shaking 
down the index. Any steel or silver instruinonts the 
dot' tor may have occasion to use she should clean in 
tlu; same way, afterwards polishing them in a })icoe 
of leather before restf)ring them to him. 

All semblance of fussiness in the sick-foom is to 
be avoided. 

The Nurse’s Dress. In the matter of dress, 
the home; nurse should ext'rcise a car(?fid choice. 
Kimpli(;ity should he the keynote to her costume. A 
plainly made frock, of serge in the winter and of 
some washiiig material in the summer, will lie most 
suitable. In nursing an infectious co^^e a washing 
material should invariably be chosen. The dress 
should be made* Ruftieiently loose to allow of 
})erfect freedom of niovement. The skirt should be 
made short enough to clear the ground. She can 
then have; long culls and sleevelets, kept u]) by 
elastic, that can be taken off while work is performed 
that long sleeves Mould hinder. 

Tn matters of |wraoiinl cleanliness and neatness 
the nurse cannot lie too careful. There is nothing 
more dein’essing to the patkuitthan a dirty, slovenly, 
untidy nurse. She should choose colours that are 
restful to the eye. blu<* and grey materijUs, and her 
large apron should always be fastened nea.tly and be 
fpot'oBH. It should be provided with a wide bib held 
up by Htra.]w passing over the shoulder, crossing 
behind and fastening at the waistband. The apron 
itself should he larg:; enough to wi;ll cover the 
skirt, both long and wide. It should be furnished 
with a large, deep pocket, in which the nurse should 
keep in readiness her scissors, kevs, et<'. On her 
feet she should wear woll-titting, moderately loose 
shtH'iB or boots. should have low heels and 

fairly strong soles. iSpecial ward sbwis are now 
made for mirses, Hometimes with rubber soles and 
lu'cls. Many of th(;se are excellent, and can b<*. 
udo])ted for wear by t he homo nurse for her comfort 
and that, of her patient. 

In <^hoosing her other garintmts tli© 'nurse should 
have due regard to warmth, lightness and oowlort. 
Well-fitting clothes, with wool or silk next the skin, 
are a sine qua non. Woollen stoekings slioukl 


also be worn, since cotton lead to umoh discomfort 
if the feet get hot and tirtnl. 

Hospital nuTBes complete the attractive simplicity 
of their dress by wearing small caps on their lie^ds, 
and their example may bo .followed by the home 
nurse who knows how to dross her hair with the 
nooessary simplicity. Personal ornaments of all 
kinds should banished from the Bick.«roQm. 

Tbe Importance of Regidar Meais. 
Good health is only compatible with a proper 
amount of good food. The nurse should make 
every effort to take her meals regularly. If her 
work for the patient is carried out unaided, she 
should oontrive carefully to leave him asleep 
or (comfortable while she gets her ouu meals. 
These should not be hurried over, and she should, 
as far as possible, avoid both the haste and the, 
kinds of food that are likely to produce indigestion. 
After the night’s rest the nurse should take a light 
meal, such as a cup of tea and a slice of bread-and- 
butter, before entering on her daily round. It is 
especially im])ortant to avoid entering the sick- 
room fasting if the patient is suffering from an 
iiife(;tiouR disease. 

As a general rule, tlie nurse should take all her 
lueals away from the sick-room and out of sight 
of the patient. They should be light and nourish- 
ing. Stimulants and excessive tea-drinking should 
be avoided. The work of a sick-room is exhausting, 
and ne'cessita-tes a certain amount of strain. This 
is, hoM^ever, Vk's! counteracted by plenty of 
nourishing food, suitable exeicise, and sloe]). 

Buceessful niirsing cannot be carried out with 
insufficient sleep. A full Beven hours is essential. 

"I he nurse's nights wdll be broken and often lost, 
and she will therefore do well to arrange, if possible, to 
slee]) betw<;en 2 p.m. Jind 1) ]).m. Between theBe hours, 
bj^ skilful management, she can generally be spared 
from the sick-room. Most of the essential offices 
for the patient, washing, and meals have heeii 
carried out in the morning, so during the afternoon 
there will only be his tea to prepsire, and a few lighter 
duties, wiiich can gimerully be entrusted to a 
w illing helper. It should l>e remembered tliat the 
mental freshness and alertness of the nurse react 
on the patient. 

Personal Details. The nurse should sleep 
in a well- ventilated, darkened room. 8he must be 
careful for the sake of her general health to indulge; 
in a daily bath, or, better still, two — ‘Cold early in 
the morning and warm before retiring to sleep. 
The usual details of the toilet should l)e particularly 
earefully attended to. 

Exercise is also an important point for the homo 
nurse to consider. Without it she w’ill not enjoy 
refreshing sleep and a healthy ap))etite. and so her 
work W'ill auffer. A few minutes may, with ndvaiit- 
nge, be 8|>cnt in the open air both morning and 
evening, and a brisk walk for a minimum of half an 
hour is indispensable to good health. The nurse who 
has Iier patient’s mental as well as physical welfare 
at heart, will be quick to relate anyHiing interesting 
she may have seen or heard in these daily outings, 
so that t.he patient will come to look forward to her 
return for a pleasant chat and a renewal of interest 
in the outside world. Without this the atmosphere 
of the siok-room may easily become dull and de- 
pressing, and the nurse must always bear in mind 
that oheerfuhiess is closely associated with skill and 
sympathy in bringing about the recovery of the 
■|)atient. 

TIk* sick-n'oom should, of oours?, be chosen 
with the greatest care. Wliere a choice is pos- 
aible it siiould fall on the brightest and quietest 
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room in the house. It should bo bright, since re- 
covery is retarded in a sunless room. The room 
should be quiet, as sleep is an essential factor in 
recovery, and the trivial and generally unavoidable 
noises of the average household are annoying to an 
invalid. But, on the other hand, it is difficult to 
impose such restraint on every member of a house- 
hold that no doors shall be banged and no loud 
voices heard for a long |)eriod. Such conditions are 
quite impracticable where there are children, and 
even in an adult household there will be moments 
of forgetfulness, and the irksome quiet will be 
disturbed. 

For the.se reasons a room at or near the top of 
the house is generally preferable to tho.se nearer the 
ground floor. In the case of an infectious disease it is 
almost essential to ]>ut the patient in such a room. 

The room cho.sen should be airy and lofty. The 
room should be provided with a fireplace and a 
window that will o|>en top and bottom. A Ciisement 
window is not <le.sirable in a sick-room, since it 
makes the regulation of the incoming air very 
difficult ; a sash window is more easily managed 
and more conducive to adequate ventilation. The 
chimney greatly a.ssists in ventilation ; the fireplace 
should be free, and the “ register ” 0 |>en, to allow 
of the escape of vitiated air through it. A small fire is 
always useful in n sick-room. It may be u.sed to 
burn scraps of rubbish, dre.ssings, and such-like, that 
might become sources of infection unless destroyed 
by fire. It also creates a draught, the current of 
warm air passing up the chimney and drawing after 
it the air of the sick-room that has Ixjen exhausted 
by breathing and contaminated by contact with a 
sick j)erson. If the weather is too hot to admit of a 
fire, a small lamp placed in the grate will act l)ene- 
ficially in producing the desired draught. 

Infectious Disease. In the(‘H.scof infectious 
disease, it is of the greatest imjKirtance that the room 
chosen should lx* near the top of the house and 
aw/iy from parts much fretiuented by other members 
of the family. Hot air rises, so that the draught in a 
house is towards the up]x^r parts, cs[X^cialiy if a 
window on the top landing is kept o})en a few 
inches. Thus disease germs eMca])ing from the sick- 
room will not be drawn into the house if an upper 
room is selected for the use of the patient. 

Carpets and woollen curtains must be banisheil 
from the room, also upholstered chairs, but the 
room should be arranged to look cheerful, l)ecause 
during the long convalescence and isolation entailed 
by an infectious complaint the patient is very 
prone to depression. 

The nurse must be careful not to leave food — 
particularly milk — exposed to the air of the sick- 
room, as germs are so quickly absorberl. All dirt 
should be disinfected and burnt, and the dishes 
u.sed by the patient disinfected before l»eing returned 
to the kitchen. 

The sick-room, if possible, should face south, 
south-west, or west. - The early morning light will in 
all probability disturb the in^■alid, and shorten his 
hours of sleep, and if attempts are made to exclude 
it, they can only be successful at the exp(3n8e of fresh 
air and efficient ventilation. On the other hand, the 
bright afternoon sunshine, and particularly the last 
gleam before the sunsets, are invaluable in cheering 
the invalid. The afternoon is often tedious, and a 
little depressing to a sick y)erson, and this last glow 
of the sun is cheering in its influence. 

The ceiling, walls, and floor must be carefully 
dusted. All the woodwork should then be wijied 
over with a damp cloth, which is kept moist by a 
little hot water, to which an antiseptic has been 


added. The fire should bo lighted, and the tem- 
yierature of the room allowed to reach about 00° F. 

The room should be uncar petod, and all unneces- 
sary furniture removed. In nursing an infectious 
disease, this banishing of all upholstered furniture 
and carpets is indispensable. To give an air of 
comfort to the room, strips of carj)ot or rugs may be 
used, since they can be so easily taken up and shaken 
and replaced. 

Ventilation and Temperature. For 

simple means of ventilation, see Hkalth, page401fl. 

A good nurse will make the tcmywrnture and 
ventilation of the sick-room the subject of very 
careful study. The temyK^ratiire usually ordered 
for the sick-room is from (K)^ to 70° F., and with a 
little care the standard can be kept u]), so that 
within the twenty-four hours the variation will only 
be two or three degrees. A well-made thermo- 
meter is necessary for this purywse, and should be 
hung near the y)atient, .somewhere near the level 
of his head. 

The fire-irons should l)e taken away from the 
room. If left in the grate they are likely to sliyi 
and disturb the patient, or the nurse, however careful 
she may be, may accidentally catch them with her 
skirt and caii.se them to fall with a clatter that will 
jar iiyx)n the patient’s nerves. An old walking-stk^k 
will make an efficient substitute for a yxiker. A little 
sand shotild be powdered over the hearth to deaden 
the sound of the falling ashes, and the coal should 
lx* packed before it is sent to the sick-room in ]>apcr 
bags, each one containing about 2 lb. of coal. By 
this means the nurse (‘an noi8ele.ssly replenish the 
fire, without the use of tongs and without incurring 
the risk of soiling the hands. It is in the early 
morning, between 1 a.m. and 5 a.m., that the nurse 
will find the vitality of the yiaticnt at its lowest ebb. 
He will then lx in a condition to feel the cold more*, 
and she should cover him with an extra blanket, 
and be careful to rcy)loni8h the fire lest it should 
burn low and the room get chilly as a result. She 
will then find it a great advantage to lx able to 
make uy) the fire quietly, as the ])ationt is very likely 
to be sleeynng at that hour, and, if di.stiirbed, he 
might not find it easv to slcey) soundly again. 

The Bed. The choice of a suitable bed is of 
very great imyxrtance. (ienerally syxaking, a wide 
Ixd is a disadvantage, since the riurH(> has the* 
additional strain of doing everything for the y^atient 
at arm’s length. The solitary advantage offered by 
the wide bed is that the patient can use one side 
during the day and the oth(*r at night, thus obtaining 
the necessary coolness and freshness which is so 
conducive to rest. 

A small iron bedstead, with a light but strong 
frame, resting on castors that make it yxssible for 
the Ixd to be moved without shaking the yiatient 
at all, is the ideal one. 1'he length of the Ixd should 
be about (> ft. fi in., and its width either 3 ft. or 
3 ft. fi in., and it should lx fitted with a strong 
chain mattress. 1 he chain mattress should be 
covered by a good hair mattress to give the necessary 
“ 8y)ring.” Sometimes bran and hay mattresses are 
used. These offer the advantage that, should they 
get wet or soiled, the covers, which should be made 
detachable, can be removed and washed and re- 
filled quite (juickly and easily, and with practically 
no exyxnse. 

The bed should be y>lace(l between the door tmd 
fireyflace, if possible near the middle of the room, 
and it should, unless the smallness of the room 
prohibits it, be allowed to stand clear of the 
walls and other furniture, so that it has around 
it in all directions a space of at least 2 ft. 
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The advantage of this is obviotiB. It permitB of the 
free circulation of the air round the bed, and enables 
the nurwe to ap|)roaoh the patient easily from 
either side. 

Care should be taken to see that the bewi ib not so 
arranged that the patient is facing the light. In 
.<omc complaints the eflFcsct of direot sunlight on 
the eyes is very injurious. In measles, for example, 
the eyes are abnormally weak and susceptible to 
injurious influences, and in cases of brain trouble 
or affections of the eyes similar precautions are 
necessary to prevent the light from producing un- 
necessary strain or injury. 

The nurse will And that it is often very advan- 
tageous to have a second Ix'd in the sick-room. 
If the ])atient is well enougli to st4\nd the exertion 
of being moved, he will benefit greatly by the use of 
one l>ed during th(‘ <lay and th<* other at night. 
His slee]) will be raor<‘ f‘asily induced, and much 
more n*fivshing under these conditions. 

In choosing the sick-niom care should la‘ taken 
to select a room in which the walliia]>er is soft in 
(dolour, with a restful pattern. 

Night in the Sich«room. H is of the greatest 
importance that the patient, should have an abund- 
ance of sleep, and to s(‘cure this the nurse should 
take every ]>n‘taiution ]»ossiblc. Once the ])atient 
has settled down for the nighl she must be absolutely 
<juict and on no accoim’ rouse him from his first 
sleep. First of all she should sponge the patient's 
fa<!e and hands with warm wut<T and change his 
night.shii*t. His b(*d must be either remade or at 
any rate nuuJe eomfortable, and it is a good ]>Ian 
to give him a fresh ])illow. The fire should be made 
up for the nighl, and a su})])ly of coal in small 
paj)er bugs should be put in readiness. Sonu' light, 
warm food should be ])rej)ared for the patient and 
given the last thing before he settles dow'n to 8lee|>» 

The eharacter of the patient's last meal will, of 
course, dojMMid u}x>n the eomplamt from which he is 
sufT(‘ring. In any case it should not be cold, as that 
is likely to keep him awake, and it should be digestible 
food, such as a glass of warm milk or a cup of Ixjef 
tea. The nurse herself should take a good meal just 
iK'fore ]jre]jariug the patient, for the night. It will 
then l)e unnecessary to disturb the patient during 
the n igh 1 . 1 n tlie early morn ing, at about fi ve oVlock, 
she will probably find that he will be glad of a 
light meal, iK'rliaps a euj) of tea and some bread- 
and-butter. 

The Nurse's Night Duties. The nurse 
should provide herself W'ith a eomfortable easy 
chair and some noiseless oceupatiori if she is to kee]) 
watch during tlic night. As a rule, it is well for 
h(?r not to reml, or she may become drowsy and 
inaclvcTtently fall a.sleep. Her occupation must, 
however, he silent, as nuiny a nervous }>atient has 
been kept aw'ake by tli<* click of a knitting-neetlle 
or the rasj) of a thimble. 

The nurse must place the lamp bo tliat the light 
is; screened from the )intient’s face, and her chair so 
that, she can sec every movement on the part of the 
patient without giving him the impression that he 
is under such close observation. By skilful arrange- 
inent of mirrors the nurse c»in often see the patient 
<listinctly in a glass when she is ap|>arently with her 
hack turned towards him. 

Whilst the patient is asleep the nimw) should 
make careful notes of his condition and any chtmges 
in it. She should not© down in writing the exact 
amount and character of the sleep enjoyed. She 
should noti(!e exactly how much sleep the patient 
gels. The chnraeter of the sleep should also be noticed, 
and whether he nwiikes refreshed or otherwise. 


She should state also whether the sleep is sound, 
broken by dreams, or talking, or movements. 

When doctor has ordered medicine to be given 
every two hours the nurse should be care^l to 
ascertain from him if she is to wake the patient to 
administer it. It may happen that the prolonged 
sleep of thi) patient is merely a sign of extreme 
exhaustion, in which case it is of the utmost 
importance that he should be roused at stated 
intervals for medicine and nourishment. 

If the patient is wakeful it is sometimes a good 
plan to take away his hot 7 nllow and give him a cool 
one rather than to turn the same many times. An 
extra pillow is also useful in many cases. For 
example, in nursing |xieumonia the patient may bti 
so weak that he slips over on to his bock instead of 
resting on the affected side. In this case a pillow 
against his back will give valuable support. Thfm in 
nursing caws of abdominal disease a pillow under 
th<* yiatient’s knees will enable him to relax the 
muscles wdiich otherwise exert a painful jiressure 
upon the abdomen. Also, a rheumaticr 7 )atient finds 
tin* ]>ain in tb(‘ knee joints ea.sed if they are raised 
on a soft feather cushion. 

The moment the patient awakes the ntirse should 
have either me^licinc or warm food in readiness for 
him, after wliidi he will ])robably fall asleep again, 
(jciitle friction of the patient's back and limbs may 
indnc(‘ sleep in a n\stless patient, and the friction 
must 1 k‘ iontinuod for a short time aftor the de.sirod 
effect has b<H*n pro(liic(sJ, or its ceasalion may 
awake him. 

How to Prevent Bed-sores. Tlie nurse 
must be constantly on the watch for bed-sores, ns 
they form easily and ait* cured wit.’i difficulty. 
S])eaking generally, a bed-sore is regarded as a 
sign that the nursing has been neglectful, but this 
is not an infallible rule, for they an' oecasion.illy 
merely signs of extreme debility in the ]>ati(*nt. 
'riiey most readily make their appearance on pro- 
jecting }>arts of the body that iiress on the bed, 
such as the base of the spine, the shoulder-blades, 
and calves. 

Certain ])arts of (he skin b<n*ome bright red, and 
every part of tht‘ body should Ik* daily examined 
during a long illness for these unwelcome signs. 

At the least sigi. of redness the part affect<^ should 
be washed night and morning with soap and water, 
thoroughly dried, and rubbed with eau-de-Cologne 
or a little good whisky until the skin is dry. Methy- 
lated spirit will siTve the purpose. Bhould the patient 
]H'rs])ire freely the skin should be powdered with a 
mixture of etpial parts of zinc oxide and starch. 

An air ^^illow should be used to support the affected 
part, and it should be shayjed with a hole in the 
middle to diminish the pressure on the 7)art where 
a bed-sore is im}K'nding. 

A small drfjssing, the exact size of tlie bed-sore, 
is a 7 >])lied. A piece of Imt wrung out in e.arbolic oil 
may be used, or borie-ncid ointment, or resin oint- 
ment. C>\'er this a larg<»r 7 >iece of lint spread with 
vaseline is nyjplied, and the whole keyjt in yiosition 
by means of strips of adhesive yjlaster. A solution of 
silver nitrate will harden the skin, but it has the 
disadvantage of blackening it also. The alternative 
treatment before the skin is actually broken is to 
paint it with collodion. 

Care must be taken in fixing the dressing to 
attach strapping or yflaster to parts of the skin 
some distance from the l>ed-8ore. 

In very severe eases bfd -sores make their ap|>ear- 
ance on part-s of the body where no pressure exists — 
for example, on tlie front of the thigh. These sores 
are the rt'sult of loss of tone in the blood-vessels 
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of the skin. The Ireatniciit in this case is heat and 
cold applied allemately. A small piece of ice is 
wrapped up in flannel and held to the part affected 
for uli)out ten minutes until the skin is pale ; this 
is followed by the a])plicntion of a s{X)nge wrung 
out in very hot water until the skin is hot and 
red. Absorbent cotton-wool should be used to 
remove the moisture and ]K)wdered boracic acid 
aj)plied. 

Visitors. No visitors should l)e allowed in the 
.sick-room when the case ib infectious. The nurse 
should find out from the doctor exactly how many 
visitors it will l>e safe to admit. They should Im? only 
allowed to come at stated times and to stay as 
long as is not harmful to the patient. The visitor 
should not enter the room suddenly, as the shock 
might be bad for the patient. On the other hand, he 
should not delay his coming omre the ])atient knows 
Uiat he is expected, as the waiting is also bad for 
the nerves. The visitor should never lean against 
the bed or jerk it, but should sit in a jjosition in 
which the patient can see him clearly. He should 
not stay long, and should leave without any 
indecision. The patient should lx* given some light 
food soon after the visitor's departure, and the 
nurse should notice whether the visit has unduly 
excited or depressed him. 

Under certain circumstances the patient will 
))erhap 8 complain of the pressure of the bed-clot he,s 
on sensitive parts of the body. For example, 
after an abdominal o])eration. or in cases of rheu- 
matic fever, the weight of the l>ed-clothes on the 
affected parts will cause unnecessary suffering. If 
the bedstead have bed)>osts. this pressure may bc‘ 
relieved by passing a strong piece of string under 
the bed-clothos diagonally and tying it to the fxists 
of the bed. this means, if they are well lucked 
in each side under the mattress, and fastened with 
safety pins top and bottom, he will Ik* kept warm 
without feeling the weight of the clothes. 

A small bed-cradle is sometimes necessary to keep 
the weight off a limb. A satisfactory substitute 
for a cradle mfiy be made by cutting a tunnel 
through an ordinary bandbox. 

In long /wid tedious diseases the patient is in- 
clined to sli]) to the lx)ttom of the l>ed. This may 
be prevented by slightly raising the foot of the 
bed by wooden blocks under the castors. In heart 
disease the ])atient will tend constantly to sli[i 
down low in the V>ed, cs|»ecially during sleep. This 
l)08ition is very bad for him, as it renders breathing 
more dithcult. 

Wlicn lie is still weak, but well enough to move 
his hands and arms, it is a good plan to tic a ]»ie(x* of 
rope with a loose end to the foot of the lied, by means 
of which the patient can raise himself or can get 
assistance in turning. 

Xhe Convalescent* The nurse must always 
be on the alert, when the jiaticnt is recovering to 
detect any change for the worse. There is always the 
risk of a relapse, and complications of the diaea.se 
may set in at any time. In some cases special pre- 
cautions must Ikj taken. For examjile, attention 
must in some cases be given to the diet, that it may 
Ik* not only digestible, hut that no foods are included 
that might prove dangerous. 

The I'onvalesccnt must be well jirolected against 
draughts and cold. He should wear a flannel bed- 
jacket, buttoned up to the chin, with long sleeves, 
whenever he sits up in lx»d or is occupied in some 
way that uncovers his anus and chest. 

Great attention must Ik jiaid to the convalescent’s 
diet. It should be both abundant and nourishing, for 
he has not only to build up fresh tissue, but to 


repair the waste due to the ravages of disease. 
All indigestible foods should be avoided, but, subject 
to the doctor’s directions, the patient’s fancies 
should be humoured. With returning health the 
appetite improves, and, if the food is served daintily, 
and carefully prepared, he will welcome his meals. 
Light food, such as soup an ! milk puddings, may 
be abundantly given. 

The nurse should watch the patient carefully, lost 
he overtires himself. After long weeks of inactivity 
ho will bo too ready to over exert himself and to 
over-rate his slowly returning strength. He should 
slee]» for nine or ten hours every night, and a short 
rest during the daytime, after each meal, will hasten 
his entire recovery. 

Cleaning the SicK-room. The sick-room 
must bo kept scrupulously clean. It is the nurse’s 
duty cither to see that the necessary cleaning is 
done pro]Krly, or, in some cases, to do it herself. 
Every morning the hearth must be (piietly tidied, 
and the ashes collected. If the disease Iwing nursed 
is infectious, a disinfectant should Ik ]X)ijred over 
the dust and ashes btdore they are taken from 
the sick-room. The floor must then Ik well swept. I f 
this is done slowly and gently there is no need for a 
cloud of dust to arise and cause discomfort to the 
patient. The best plan is to roll up the strijw of 
carpet or rug on the floor and then to sweep up the 
dust towards the centre of the room, to avoid bringing 
some of the dust the whole length of the room. 
Another satisfactory method is to sweex) towards 
the fireplace, and take up the dust in the grate and 
burn it straightaway in the fin*. This is one of 
the many little w^ays in which a fire in the sick-room 
will be useful for other purjx)Kes iKsides that of 
heating. Should there Ik no fire, it is a good plan 
to take up all dust and fluff after sweeping it together 
by means of a dam)> cloth. 

The sweeping process must be followed by that 
of dusting, and the whole room should be thoroughly 
wijKd over with a duster at least once a day. 
All furniture should Ik removed with the exception 
of the bed. The woodwork of the room — door, 
skirting, window sills, etc. — should be wijXHl over 
daily with a dani]) cloth wrung out in a dilute solu- 
tion of some antiseptic fluid. The latter should 
])referably be a fluid free from characteristic smell, 
as that is likely to cause discomfort to the patient 
by affecting the air of the room. A careful nurse 
will leave no part of the sick-room undustcKl ; the 
tops of picture-frames and screens, the legs of the 
chairs and tables, window-ledges, and medicine 
bottles, will one and all Ix^ freed from every trace 
of dust and dirt. The windows of the sick-room 
should be kept bright and clean. Nothing is more 
<lc])reHKing that the dull outlook of a room with 
smeared or dirty window jmnes. 

The Patient's Bed. I'he bed-(‘]othes should 
lx* chosen with care. The mattress should Ik covered 
with a light woollen or cotton sheet. Linen is un- 
suitable, a.s its surface is cold and likely to chill 
the patient, but, as in the case of the use or discard- 
ing of a feather bed, the ordinary habit of the per- 
son concerned must be taken into account, and no 
abrupt cvhange brought about. The use of an under 
blanket beneath the sheet is not desirable for ordinary 
patients. In some cases it may be used with ad- 
vantage, as in very cold weather, but, generally 
speaking, it is bettor to dispense with it. It tends to 
wrinkle, and so to prcxluce the irritation which 
encourages bed-sores. In nursing cases of acute 
rheumatism it is nocKssary to place the patient in a 
blanket with no under-sheet, but this is an exceptional 
case. Blankets absorb the jKrspiration from the 
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body, and become moist, and so predispose the skin 
to Iwd -sores. Sheets are therefore preferable. 

The under bed - clothes should be spread quite 
smoothly over the mattress, and well tucked in ; 
if an under-blanket is used it sliould be wide enough 
to tuck in tightly. The up|)or bed-clothes should also 
lx* of suitable width, and tucked in well ; if too narrow 
they will be a constant source of discomfort. The 
warmth of the bed should be secured by the use of 
plenty of thick new blankets or blankets that have 
not been washwl, as washing tends to make them 
thin. U’he maximum' warmth should be obtained 
with the minimum weight over the patient. Tn any 
case the weight of the bed clothes should l)C care- 
fully distributed, so that there is as little pressure 
on the patient’s chest as possible, and the greatest 
w(‘ight over his feet, l^he ordinary counterpane 
should not be used ; it is too heavy and too closely 
woven for health. The pressure so produced may 
seriously interfere with the })atient’s breathing and 
the same ill-effects are eaua<xl by bed-clothes that 
are too heavy. An excellent substitute for a 
counterj)ane is a clean sheet folderl and used at 
half its width as a counterpane. The whiteness is 
very attractive, and clean-looking, and lends to the 
bed and room a cleanly and cheerful appearance. 

The ]>atient should lie provided with at least two 
soft pillows, w<‘ll l>caten up whenever the bed is 
made, and at other inters ala during the day. Two 
pillows are more comfortable than a pillow and a 
i)olHter, as they are more easily turned and smoothed. 
The nurse will lind that the patient’s slee]» will, to 
a great extent, depend u|Km the comfortable nature 
of his pillows ; if too Ingh, they w'ill make him 
suffer from stiffness of the neck and shoulders, and 
if too low, they will be an incentive to headache 
and restlessness generally. 

The Draw-sheet. The draw-sheet is an 
essential addition to the l>ed of a patient suffering from 
some complaint that necessitates many turns in bed. 
It is easily prepared by folding an ordinary sheet 
along its length until the folds are only one -third or 
onc-qiiarter the ordinary w idth of the extended sheet. 
Thus, the sheet is reduced in wddth, its length is 
unaltered, and it presents two or three thicknesses. 
The l)ed is made in the ordinary way by spreading an 
under-sheet as smoothly as possible over the mattress. 
Over this the draw-sheet is laid. It is placed so 
that the greatest length goes down the bed. On 
one side, just enough of the folded sheet is used to 
tiurk in firmly, and the excess on the other side is 
rolled up into a smooth roll, which is ])laced under 
the mattress. Sometimes safety yiiiis are used to 
secure the draw-shetd in ]>osition. 

The draw-sheet is placed across the Inal so that, 
when the jiatient is on it, it will extend from about 
the length of his arm))its to his knees. The advan- 
tage is obvious. Sup|>ose that for any n'ason the 
draw'-sheot l)ecomes soiled or damp, as when 
poultices are in use ; if there is no clraw'-sheet, the 
undersheet would have to l>e changed, giving much 
tiouble. If, however, there is a draw-sheet, the 
remedy is easily applied. The tucked-in side of the 
draw-sheet is rolled u]> towards the ymtient. The 
(;lean roll is then loosened. The patient is gently 
raised by the nurse by a kind of leverage movement 
of her arms wdien ydaced under his shoulders and 
just above his knees. 'Phe assistant then draws 
the roll of soiled draw-sheet towards her in such a 
way that a fresh length of the clean roll now rests 
bimeath the patient. This process may, with advan- 
tage be gone through two or three times every day, 
the sensation of cool comfort being very soothing to 
the patient. In nursing some cases, it is advisable 
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to place a slip of double-faced macintosh between 
the under-sheet and the draw-sheet. It should be 
securely fastened in position by safety y)ins, 
attaching it to the mattress. The draw-sheet should 
overlap the macintosh by G in. or 8 in., for if the 
macintosh should come in contact with the 
patient, it may be a source of trouble in the form 
f)f bed-sores. 

How to Change the Upper Sheet. The 

upper bed-clothes should l>o untucked all round, and 
one of the patient’s y)illow^s temporarily removed, 
so that he will lie more flat on the bed. The u})pcr 
blanket is then taken off, and the clean sheet, which 
has previously been well aired and w^armed, is 
spread over the bed. Over this the upper blanket, 
whi<*h has Ix^en removed, is placed, so that the 
])atient is covered b 3 ^ four la^^ers of covering, soiled 
sheet and second blanket, over which is placed the 
clean sheet and upper blanket. The lower lav'ors 
have to be removed, so that the clean sheet and 
blanket wdll cover the patient. The nurse will need 
assistance in the interchange of sheets. The 
assistant should stand at the head of the bed and 
hold the clean sheet and upper blanket firmly, one 
hand being placed on cither side of the ])alient’s 
head at about the level of his shoulders. The nurse 
should stand at the foot of the bed and, using both 
hands, ydaced well a])art from eatdi other, steadily 
draw' out the soilcfl sheet and its accompanying 
blanket. In doing this she must take great care 
not to raise her arms, for then the cold air will rush 
into the bed and chill the patient. The withdrawTi 
blanket can then lx* ])laced over the Iwl, now 
taking the position of u])per blankets, and then the 
bed-clothes should be tucked in as before. If 
necessarj', the process ma^' be carried out across the 
width of the bed instead. In this case, the nurse and 
her assistant w ill stand on either side of the bed and 
the sheet be withdrawn at the side instead of from 
the bottom. Bj' either of the.^e processes, the clean 
upper sheet is put in position with little or no 
difficulty, and with the minimum exertion to the 
patient. 

Changing the Lower Sheet. The clean 
sheet, which is to replace the soiled upper one, should 
be w'ell aired and warmed, and llien rolled length- 
ways for half its widtii, and j)laeed on a chair in 
readiness. The bed -clothes should then be untucked 
and the upper ones so arranged that the free edges 
of sheet and blanket are fold^ back out of the way. 
The draw -sheet and macintosh are then unpinned 
and rolled up towards the patient for a few' inches. 
The assistant stands on the op|X)sitc side of the bed. 
and, holding the draw'-sheet and macintosli 
Bccurely, she should, by means of them, gently turn 
the patient on hLs side, .so that half the soiled 
sheet is free. From her side of the bed, the nurse 
then quickly rolls this u]) lengthwaj's till it lies in a 
roll dow'n the middle of the bed. She then takes the 
clean sheet and places the clean roll beside the soiled 
one, and earefiillv smooths the unrolled part of the 
clean sheet over her lialf of the bed, tucking it in 
securely, and seeing that, the shoot is arranged 
straight and without w'riuklcs. 

The assistant hands her the draw-sheet and 
macintosh, and the nurse first gently lowers the 
]»atient so that he lies across the two rolls. She 
then pins the macintosh and tucks in the draw- 
sheet on her sid»* of the bed. The assistant 
meanwhile takes out her roll of draw'-sheei and 
macintosh. The nurse holds this w'ith both hands, 
placed not too near together, and uses the draw- 
sheet gently to turn the patient on to his side so 
that he faces her. In doing so, he passe? over the 
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two rolls and now ])nts on the (^loan sheet. The 
assistant then quickly draws away the soiled sheet 
and unrolls the remaining half of the clean one and 
spi*eads it smoothly over the bed and tucks it in. 
Then she takes the draw-sheet roll froFii the nurse, 
allows the patient once more to he on his back, and 
secures the macintosh and draw'-sheet in position. 
The patient is now lying on the clean sheet, which ha.s 
replaced the dirty one without l e ng unduly fatigued. 

If the nurse is obliged to do the work single- 
lianded, she will find it is best to work from the 
bottom of the bed to the top, instead of from side 
to side. She can easily roll u]) the soiled sheet to 
the level of the ])atient’s back, and re]jlace it with 
the ck^an sheet, which lias been previously rolled up 
to half its length. Then using her right arm to 
support the patient, she can raise him enough to 
roll u]) or ])ush aside the soiled sheet and unroll the 
clean one to take its ])lace. 

Tbe edges of the clean and soibal one should be 
))inned together, and while the nurse raises the 
middl(‘ of the ])atienfs body the assistant .should 
gently ]mll the soiled draw-sheet towards her. till the 
( lean one is in the right ]iosition beneath the patient. 
If the patient is very heavy, it is advisable to change 
the draw-sheet in the same way as the under-sheet, 
as this obviates the necessity of lifting him. 

Changing the Patient’s Night Shirt. 
The clean night shirt or night dress should be 
well aired and warmed and put in readiness for 
use. Then the patient should lx* raised slightly in 
the bed. and his night shirt frcivl from the weight 
of his body, and unbuttoned. The arm n(‘ar 
the nurs(‘ sliould Ix' withdrawn from the slei‘vc, 
and the soiled night shirt drawn up to form a roll 
over the ])alient’s chest and shoulders, (are must 
be taken not to allow the cold air to come into 
contact with the ])aticnt. Then the nurse should 
hold the clean night shirt ov(‘r her wrists and forearms 
by passing h(‘r hands dou:?urarch through the collar 
and front, and out at tlie bottom. She then ]>ayscs 
her hands npivard.s' through the bottom of the soiled 
shirt, and out through its collar. By the same 
movamient she gets the clean night shirt over the 
])atient’s head and (piietly slips away the soiled 
one. It is then an easy matter to slip the patient's 
arms into the sleeves, to fasten the buttons, and to 
raise the patient to draw the night shirt smoothly 
into its ])osition. 

If the patient cannot sit up, the night shirt must 
be s])lit up the back as far as the collar. The soiled 
one can then Ik* withdrawn without disturbing the 
pati(‘nt, and the clean one arranged to rcplac'c it. 
The free edges should be tucked down on either side, 
so that he is not cold. The night shirt should be 
chang(*d nigdit and morning, unless the condition of 
the patient is so serious that the doctor has ordered 
otherwise. 

The Invalid’s Meals. The nurse should 
consider herself responsibl(‘ for the aiTangement 
(d the y)atient’R meals. Although she may not 
actually f)re]>are them herself, she should be 
sufliciently skilled in the culinary art to supervise 
its ]ae])aration. She must always bear in mind 
that an invalid's a])[K‘tite is capricious, and that 
within the limits of strict obedience to (he doctor's 
orders and the dictates of comimjri - sense she 
should humour the ])aticnt's personal w'ishes and 
fancies. 

Invalid cookery is a branch of the culinary art 
a])art from the jircjiaration of more solid meals. 
The food must be well cooked and digestible, and 
HO prepared that with the minimum exertion the 


]uitient takes the maximum amount of nutriment. 
Food values must be earefully taken into account, 
and innntritive articles of food discarded for those 
that are more valuable as eom])onents of a nutritious 
diet. 

In many eases the actual food to be given w ill he 
])re8erilwd by the doctor, in severe cases even tlie 
amount being specified. Tlu*se orders must lx* 
adhered to rigidly. It sometimes happims that 
even a slight deviation from the prescribed dietary 
will bring about a serious rela])se. 

How to Serve the Meals. A bed-biblc 
is a great eonvenienee in th(‘ siek-room, either one of 
the elaliorate forms now obtainable at varying (•o^ts 
or of a mori* simjdc cli.*iraet(T, consisting of a flat 
surface of wood supj)orti‘d on four short legs. TIu* 
fnmt edge of tlie w'ood is hollow'ed out to form m 
cavity, into which the invalid's chest can tit. Such 
a table will stand (piite firmly on tlu' bed if its legs 
are made to n‘st securt‘ly among the bed-clotbcs. 

The meals should be brought up (m a little tray 
covered with a sjiotlessly wdiiti* cloth or serviiMte. 
The cutlery and glass used should Ik‘ w^ell ]>olished 
and glistening and the cruet neatly arranged. All 
preparations should he made out of sight and hearing 
of the pati(‘nt. If he has time to think about any 
particular food he may refuse to eat it wluai it 
aiqx'ars. It is a mistake to ask tin* ])ati(*rit if hr 
fancies any special food uidi'ss if is at hand for him. 
During the dt‘lay he is (piitf* likely to change* his 
mind. 

The food should he s(TVcd daintily and in small 
(piantities. Fo(xl that is su]»pos(‘d t(> he hot 
sliould be really hot. not luki'warm, and cv(‘ry- 
thing should be properly flavoured before being 
served. 

After the f)ari(*nt has ealtm, anything that 
remains sliould at once be taken aw'ay. Tlie 
doctor's orders should b*‘ asktal foi* as to W'l)(‘tlicr 
the patient is to be roused from sleep in ord(‘r to 
oat. SometiiiH's the ])rolongod sle(‘|) may be a 
sign of (‘xha'.isfion following great weakm^ss, arul in 
such a eas(‘ the doctor will order tin* iiuisi* to 
rouse the iiatient at fixed intervals in ordi'r to 
give him food. Sometimes the patient's disin- 
clination to take food is merely a sign that be 
cannot digest it. In ibis easi* a fast of a few' hours 
w'ill not do barm, and may do a great deal of 
good in cnaliling tlu* dig(“stivc oigans to riglit 
fbemselvc's. If eating is g(‘nerally followt'd by an 
attack of siekness then the nurse should give very 
small quantities of barley- w'a ter or milk, letting 
the patient take a few drops only at a tiim*, in sips 
from a teas])oon or from a feeding-eu]). 

Administering the Medicine. Tlie nui s(* 
should keep the medicine bottles in a little eu]>- 
h(»ard wdiere they will not eorit inually remind the 
patient of his un])leasant duty w'ith regard to them. 
The nurse should use a graduated medicine glass 
to measure the medicines, and be careful to ad- 
minister the exact dose. A small inaeeurairy 
often repeated may l<‘ad to serious r(‘sults. If 
the medicine is to bo given three times a day, it 
is administered at 10 a.m., 2 p.m,, and 0 p.m. ; 
if every four hours, the additional dose is taken 
before breakfast. Medicines ordered for evi^ry 
six hours are taken at 12 and 0 o’elo k both day 
and nijfht. The nurse should always find out if 
she is to wake the patient to give him medieim*. 
Medieines taken before meals are generally in- 
tended to assist the n])petite and digestion and 
should be administered about ten minutes jirior 
to the meal. 
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TELEPHONES 

London’s Huge Central Exchange. Eighty Thou- 

4 

sand Wires in One Building. Trunk Working; 

Contlnwed from pafft* fiOMO 


con trill energy system is ti very good instance 
^ of the n]i})lioation of the adage inculcated by 
Mr. Carnegie — namely, to “put all the eggs in 
one basket, and watch that basket.” Ehiborate 
arrangements are made to secure from any ])Ossi* 
bility of breakdown tlie central sourc^o of energy. 
Usually, energy is obtained from the local munici- 
l»ality or supply com}>any, and by means of a mag- 
neto generator transformc'd to continuous current at 
a voltage of 30. tin tlui left in 27 can be seen the 
No. 1 generator, Avith its coupled motor, as used Jit 
the Kaling Exchange. The generator luis six ]»oIes, 
iind the commutator Inis a very large numbcir of 
segments (17(i), the object being to sc*cure that the 
top of the current wave shall bo practically flat. 

The motor roceivi^s cuiTont from the municipality at 
105 volts alternating. The combination is designed 
to supply from the gener.itor 
side a maximum current of 
200 am]wres. In ord(‘r to 
secure immunity from 
brcakdoAAii, adu])iicate set 
(No. 2) is 

No. 1. 

allow 

stand-by motor-goner- 

ator is served from t bo . 

mains of a. separate 
companj', so that oven in 
t ho case of a general break- * 

down of one oom])any the 
exchange can still lx‘ worked. 

Near Itu- door of tho 27. motor-generators 

]»owor-room can be seen the FOR (’HAR(JlNO 

ringing machines, two of 

which arc mounted on one lied ; tho same complete 
duplication of plant is carriwl out in this case. 

The feeder cables from the generators are carried 
through a ])ower sw'it<diboard, and thence to the 
a(‘cumulator room [28]. Here, again, the same 
duplication is in evidence, two complete sets of 
i‘loven colls being -la ovided. They are of the ( liloride 
pattern, and have a total ultimate capacity of 2,000 
amj»ere hours. During the early Jieriod of the ox- 
cjiange development only seven plates are installed, 
the remainder of the cells being shut off by a lead 
]>artition, and as the need _ 
arises additional ]>lates 
can be added until the full ! 
ca])acity is absorbeil. At 
t he near end of the cells t he 
main fuses are in view, and ! 
along the sides of the cells j 
tain l>e seen the leads w hich 
go through each cell to a 
voltmeter fixed upon the 
power s witchboa rd by 
means of which tho 
individual voltages can be 
read by turning a twelve- 
])osition switch. The fifteen 
smaller cells visible be- 
tween the windows arc used 
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od instance in connection with the meters, as these instruments 

mlcatcd by require 30 volts. It should also be noted that the 

he eggs in s|M*cial design of the gimerators makes it po.ssible 

Elaborate to w'ork the exchange direct without the inter- 
any ])Ossi* }X)sition of the accumulators, 
of "energy. The London Central Telephone Ex- 
cal munici- change. Truly startling in the matter of tole- 

s of a mag- ]»hone devcloi)ment has been the experience of the 

H current at Post Office in the (h‘ty of Loiulon. In A])ril, 1002, 

be seen the was opened the new C/cntral Exchange in Carter 

as used at Lane under the shadow of St. Paul's. It w'as ar- 

s six ]»oles, ranged for an immediate installation of 5,000 sub- 
number of scribers, and with an ultimate equi])ment of 14,400. 

re that the Within three years it had not only become necessary 

tically flat. to complete the equipment of the exchange up to 

licipality at its entir(‘ capacity, but, in addition, a second exchange 

is designed with a capataty of IS.OOO subscribers had been 

designed, and at the present 
time is complch^d and in 
operation, so that in this 

far and away the most im])ortant telejihone 

* The number of eable ducts entering the 

exchange was originally 1 10, but it has l>een 
found necessary to increase these to 214. 
’OR-C3ENERATORS PafKT-insulafed, lead-covered cables were 

(’HARCtlNiJ exclusively used for the subscribers’ lines. 

The original ly]>es were 2’| in. in diameter, 
e complete and contained 434 wdres for 217 subscribers. In 

1 this case. the meantime, however, great advances in cable- 

are carried making have been made, and many of these 217 
nee to the ])air cables have been supplanted by cables of the 
the same same external diameUw, but containing bOO \)aira of 
lete sets of w ires — that is, the capacity of the duets has been 

he Chloride ])ractically trebled. 

ity of 2,000 The cables are led into the sub-basement, w here 
I of the ex- they are connected to the silk and cotton cables, 
e installed, which are UhI on to tho main frame. From this 

(T by a lead ])oint they are carried up a s]Aecial cable chute to 

*' the third and fourth floors, 

where the intermediate 
distribution frames, relay 
and meter racks, and the 
switchboards are situated. 
In the original central 
in.stallation, twenty -six 
subscribers’ sections and 
sixteen junction sections 
were provided, completely 
equip]Aed wdth multinle. so 
that each subscriber s line 
W'as connected to no less 
than forty-two jacks in the 
multixdc, making wdth the 
{inswTriug jack, a total of 
forty-three. When it 
(U79 
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remcmborcil tlmt three wires 
are led to and three wires jrom 
each jack, it w'lll ne seen that \ 

the number of soldered joints . i j j | ' , * | | 

on each snbscrib(‘r’s line was [ M ■ i j ^ ! I 

a])proximately 3(K). This "oes ' pooo-- J—- - 1 1 -j- j- 

a long way tow'ards ox])laining i : , : ! # , 

what many regard as para- ! : j/AV I 

iloxieal — namely, that as the 
number of subscribers at an ; _ i j/j \ \ 

<‘xehange increases, so does th(‘ ; 
cost ]X*r subscriber. '1 he | T i . '-..tT 
number of 0]>eratois‘ positions i j */ ' ‘3- 

at these sections was 12b. ^ fj • i - 

When the installation of ihe f: ‘jj 

second exchange e(juijuu(‘nl % ■: K 

was contem]ilated, a eandul i ’ " [j: * * • ' I' 

study was made of the num- \ ii ] 

l>er of transactions comjileted , . . . 1‘ . . . , , , 

on the multi])h‘, as comjiared | , 

\vith the number of outgoing || 

Junction transactions. It was ' - r-^»: - - * ^ « 

found that only 1 in o, or 20 ' ii 

])er cent, of the calls w'ct-c for jj ^ 

Ontral subscrilxa-s, and, as a ’ !■ ' ' ' 

1 . r ^ r . — • m A /0 

result, It was found more i — :• AirruPT 

eeononiical tcxlispense with the* /i 1. 1 

multi]jle on the sul)S(*ribers' j 1 , ij ' 
sc'tions (“A" ]>ositions). its : , ■ . — 

])lace lK‘ing takiui by an addi- ^ ' ‘ 

tion to the number of "B’ jiositions. Subsec|uent 
ex])eri(*nee has fully justified the wisdom of this 
change, which at one and the same lime greatly 
la'duced the capita! ex]K'n- 

ditnre and cost of maintenance. 'N'alysis of peg cot 
and sirn])lified the ojierating 
in that it eliminated the less 
frecpient ty])C of cal!, so tiiat 
all calls, whether for the Cen- 
tral or other (‘xehanges, were 
dealt with in ])recisely the same 
manner. number of direct 
lines now connectial to this ex- mber 

change exeecfls H.fMK); many 
of these lines serve more than 
one station, so that the totfd 
number of stations exceeds 
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. — K NO Of callg and 
ArTFNIPTi MAOC 70 

coNtpiere /Neff calls 
= no: Of calls 
without additional 
ATT EMPrS. 


\.SALYSIS OF PEG COUNT TAKEN MAUUH 'll, IMO: 


-f o'clock, rapidlv rises between 

HONE etcHANo^ f I ninc Aiid ten, reaching its 

r 1 1 maximum at eleven. The 

i influence of the luncheon inter- 

j I I val — w’hieh in th(‘ ('ity takes 

1- - place between one and two — is 

! I ill pronounced. 1'he aft<*r- 

! i i ; i I • noon peak is usually a little 

. 4 (‘arlier, but on this particular 

j j I : ■ ' I , I ,i day it was delayed until five 
^ -I I I : ; ^‘h>ek. 'I’lie o])erator curve 

: ! I should follow the call curve 
J -v ! '‘'O’ t'losely. In this (aise it 

does so. except in the after- 
^ , I noon, but the agreement, on 

^ I I the whole, is fairly satisfaetoi v. 
... I... , . .. jj scales are arranged in the 

' i j I : ' I Fatio of one o]K‘rator to fifty 

, ; I i calls per half-hour, so that at 

\ all times they are working wt*ll 

; i within the normal loach It 

• I-''"'; must, however. bt‘ remem- 

'V bered that in this eas(‘ all tlu^ 

■ ‘ ^ . ri : ' <'alls ar(‘ junction c-alls, and 

‘ ^ " f. t-hj these ar(‘ usuallv given the 

AND ! .ll ^ I , . • , 

OE 70 . I r value of two, as two oix'rators 

tff CALLS I . 'V. ‘i • 11 1 

,^^5 4— .-Vr->- -ii’c .J are in all eases concerned. 

yirioNAi I , I In the aecom]>anying table is 

I — , — r-J ! ‘<‘* ^ given a com]>lete and most 

^ valuable set of statistics re- 

lating to thef'entral Exchange for the same day as 
that which has been shown graphically. 

As the majority of the* subscribers contract for the 
message rate — that is, they pay 
FAKEN MAUUH 22 . xe: £,*j annuiu plus l<h |K*r 

call — it w'as originally antici- 
pated that the numlK‘rof calls 
|H*r subserilxT would low, 
and that eaeli o]x‘rator would, 
therefore. l>e able to co]K‘W'ith 
180 subscribers. No. 5 shows 
that the calls yier line ]X'.r day 
now' reach the comparatively 
high figure of (*ight, and, there- 
ff>n*. No. 8 — the* number of 
lines per “ A ” ])osition — is only 
a little above ninetv-seven. 


2d,fKK), the total number of 
o|x*rating emy>loyes lx*ing 414. 

Traffic Studies. In 
order proyicrly to yiroyiort ion 
the staff to the work in a large 
exchange, a most careful study 
of the traffic is necessary. This 
is, of course, greatly facilitated 
by the position meters, and the 
extent to which such study is 
carried out <*an be best shown 
by actual figures, w'hlch relate 
to the ( entral Exchange, and 
?‘(‘fer to the 22nd day of 
March, lfK)7. In Ih * diagram 
at th ‘ toj) of this jnge is de- 
)>ictcd, in gra])hic fashion, first, 
the number of operators 
actually at work each lialf- 
hour ; s(*coiidly, the number of 
calls yiluH attempts made to 
corny )jete ineffective calls each 
half-hour ; thirdly, the number 
of calls without the additional 
attemyits. 

It will be observed how the 
traffic, insignificant at eight 
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»ril operator* 

tll'wi oppraUir* 

« r*:rr»vr<l by rrrord o|MTalf*r 
of rail* Imtidk'd lliirlinljiig 
mpt*) by p<iaitlon oiMratom 
I of call* per poaltlon ojieiator 


I* <laall with tftZ.m? 

l,7Zt 

all. with par poaittoi 
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Comyiaring Nos. 1*4 and 20 
shows that the proyiortion 
of “Central’' traffif; has in- 
creased, and is now 2Py)er cent. 

Nos. 21) to 41) refer to the 
incoming traffic, and a com- 
yiarison fif No. .‘K) wdth No. 14 
show's that there are five calls 
received by the ( entral 
change .sui>seribers to every 
four originated by them. This 
means that business Hows, as 
one would exyicct, f/do rather 
than out /ro/« the C'ity. 

No. 3b confirms the state- 
nu*nt yircviously made that the 
“H” o|)erator can deal with 
over 250 calls yier ho\ir, this 
high average being due to tlie 
use of machine-ringing keys 
and the automatic character 
of the signals yirovided for lier 
assistance. The joint infinencx? 
of call- wire working Jind of a 
large numlx'r of junctions is 
shown by a comparison Ix^tween 
Nos. 31 and 31), the traffic per 
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call wire junction being just treble the traffic per 
ringing junction. Nos. 40 to 44 refer to special 
|>ositions connecting the third and fourth floors. 
The i)OHition.s reserved for incoming ringing junctions 
are culled “ C positions.” 

Nos. 50 to 54 refer to special junction transfer 
I»ositions, which have been introduced for the pur- 
}) 08 e of eliminating froni the work of the ordinary 
operator all the difficult outer London,” calls. 
These take longer than usual to operate, and would 
unduly impede the work on the ordinary positions. 
Im mediately Hucli a (!all is received, the “A” o])erator 
transfers it to the junction transfer record operator, 
who writes out a ticket, and hands it to one of the 
six position o])erators referred to in No. 51. The 
difficulty of dealing with these calls is evidenced by 
the fact that No. 54 shows that these junction 
transfer o|)erators handle 059 calls each, as com- 
pared with No. 10 for the ordinary “A” operator, 
the number in the latter case being 784. 

Some Telephone Figures. Nos. 19 and 
49 show tliat nearly 10 ]M*r cent, of this trafli(‘ has 
to lx* dealt with in the busy hour, and this is the 
basis on which the efjuipment of the positions has 
to )k‘ made. 

No. 55 shows that in one day more than a (piarter 
of a million calls were dealt with. If we take this 
as the average, and allow for 300 working days, 
it will be seen that in a year we have for one vxchamjc 
alone the astounding total of seventy-five millions of 
communications, which is comparable with the 
telegraph traffi<‘ of the whole kingdom. 

The figures given in Nos. 58 to 00 do not include 
the engineering staff, but the average number of 
calls ])er employe during the hour — namely, 
seven ty-three — is very satisfactory. 

As a final effort to convey some faint conception 
of the magnitude of tin's huge installation, we may 
inform the reader that the internal exchange work 
alone accounts for over 7,(KX) miles of wires, and 
that the total numlxT of joints necessitated in its 
construction exceeded 4.500.000. 

Since 1895 all the long-distiancc telephone lines 
connecting various " tcleimone areas ” have been in 
the |X)SHe8aion of, and worked hy, the Post Office. 
In each large town there is a Post Office trunk 
exchange, and this is connected with the local 
exchanges, whi(‘h usually Ix'long to the National 
Telephone Company, by means of junction circuits. 

Long Distance or Trunk Telephony. 
The methods of working are quite different from 
those employed in ordinary local services, and it is 
])roposcd here only h) describe them briefly. In 
local exchange work the wires are numerous, and 
being usually short, are not very expensive, and the 
cost of the o]x»rating is one of the princi])al factors. 
All this is inverted in connection with the tnmk 
system, where the cost of a single circuit may exceed 
£20,000, and tlie cost of o])crating it may be in com- 
])arison a minor factor. It is clear, therefore, that 
every effort must l)e made to keep such a valuable 
line fully employetl, and, consequently, in a tnmk 
exhangc the number of lines per operator is very 
small — usually not exceeding five. 

Por the ymrposes of descri])tion it wdll ho best to 
take a concrete case and describe the method of 
operating. A London to Birmingham transaction will 
M(*rvc as an example. Imagine, then, in oa(di of these 
cities a trunk exchange connected by trunk lines. 
The I nes are worked in groups, but wo must at first 
confine our attention to one. It terminates in front 
of the ojxjratorin theshaixi of a jack and signal lamp. 
'\ he operator is provided Avith pegs and cords, having 


sujMjrvisory lamps similarly arranged to those 
already described in connection with central energy 
working, and she also has access to junction wires and 
call- wire keys, which have already been referred to. 

Making a Trunk Connection. Let 
us suppose that a London “Tentral” subscriber. 
No. 300, wishes to communicate with a Birming- 
ham “Central” subscriber, No. 1,(K)0. He first 
calls the Central Kxchange, and when answered, 
merely says, “ Trunks.” The CVntral “A” operator 
connects him to a record circuit wliich terminates in 
the trunk exchange on a sjx'cial “ record transfer 
switch.” This lights a lamp in front of the record 
transfer opiTa tor. Behind her, ranged along each side 
of a long tabic, are operators with headgear instru- 
ments waiting to take particulars of trunk conversa- 
tions rcquir(xl. A connection from eacdi of these 
record o]K‘rators terminates on a l)lug on the transfer 
o])erator’s keyboard. Immediately the lam]) lights, 
when No. 3(X) Central is eonnccted, the transfer 
operator lifts an idle l)lug, and eonneets it to the 
reeord junction. This puts No. 31X) London Central 
directly into rommunieatioii with the record 
o])erator, who takes down his number and the num- 
ber and town of tlie subscriber with whom he wishes 
to eommimieate. She then informs him that lie 
will be called as soon as a trunk is at liberty, and he 
rings ofT. Loaaii the centre of the table runs a long 
travelling leather band, and on this the reeord 
o^ierator plaees tlie ticket. At the end of the table 
it falls into the liands of a distributor, and from her 
is received by a (dieek girl, who carries it to the 
trunk section. wIuto it is put in pro]^r order, 
according to the code time shown on the ticket 
with other calls awaiting turn. 

As soon as >i trunk is at liberty, the Lonclon 
o]HTator asks the Birmingham o])erator for ‘‘1,(KM) 
Birmingham Central.” The Birmingham trunk 
O]x?rator sjieaks on the call wire to the Birmingham 
C-entral, and obtains connection by a junction with 
the Birmingham subscriber. Simultaneously, the 
London trunk operator sjieaks on a call wire to tlie 
London Central **B” opeiator, and obtains eon- 
iieetioii to the l.#ondon Central subscriber 300. 

Checking the Time. Having obtained 
connection to both the London and Birmingham 
subscribers, the London trunk ojierator finally makes 
the connection, and times the ticket by means of a 
oalculagra])h machine, which records on the ticket 
the time at which the transaction began. As a 
further check on the time, the London trunk operator 
])rcHses a time-check button, ;'nd at the end of three 
minutes the lamp immediately above this button 
lights. The o]HTator then enters the circuit, and 
asks whether a sec^ond three minutes is required. 
If so, she ]>resses the time-eheek button again, and 
at the end of another three minutes notifies the 
subscriber, and terminates the transaction. The 
ticket is again inserted into the calciilagraph, and a 
]>ressure on the handle records the time of com- 
pletion of call and also the elapsed time. 

Recently, however, a system of telegrajih call- wire 
working has been introduced. A telegraph circuit is 
supt*rim]Kwd on one of the trunk circuits, and tcle- 
gra]>h o])erators, m addition to the trunk switch 
operators, are jirovided at each toAATi. Particulars 
of all calls are ])asscd forward by this means in 
advance of the transactions, and, therefore, it is 
possible to reserve the trunk eireiiits themselves 
entirely for the conversations of subseribera. This 
method has been wonderfully successful in increasing 
the revenue from trunk circuits. An average of 
sixty minutes iiaid time is sometimes obtained. 
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SINGING PRACTICE 

The Reg^isters. Volume and Tone. Correct Attack. Faults 
to be Avoided. Exercises and How to Practise Them 


MARY WILSON 


By 

"THE 111 ! man voice is charai^terised by three 
distinct qualities of tone, called its registers. 
The word “ register ” has been described by 
Manuel Garcia as “ a series of consecutive 
homogeneous sounds produced by one mechanism, 
dilfering essentially from another st'ries of sounds 
equally homogeneous produced by another 
mechanism, wliatever modifications of timbre 
and of strength they may offer. Each of the 
three registius has its own extent and sonority, 
which varies according to the sex of the in- 
dividual, and the nature of the organ.” 

There are three registers, called respi'ctivcly : 

1. Open or chest, or Tore di petto. 

2. Closed or medium, or Focc di <jola. 

3. Head, or 1 ore di tef^ta. 

In bygone days, before the study of physiology 
became general, 
it was firmly 
believed and 
taught that the 
chest or open 
notes were ac- 
tually produced 
in and emanated 
from the chest ; 
that the medium 
were actually 
producc^d in and 
emanated from 
the throat ; and 
that the head 
notes were pro- 
duced in and 
emanated from 
the head ; and 
owing to this 
belief these 
names, chest, 
medium and 
head, first came 
into use. But 
thestudentmust 
banish this ab- 
surd idea, all the 
notos being pro- 
duced in, and 
(‘manating from, the larynx, or voice-box. 
Although by some authorities tlu*se names, 
chest, medium, and head, arc not approved 
of, to avoid confusion it is advisable that 
the Rtudcmt should retain them. 

The first to be considered is thcj open, or 
chest register, which subdivides into the lower 
and uppcir chest registers. 

The Lower Chest Register. The 
deepest and strongest tones of the voice belong 
to the lower chest register. In singing these 
notes the feeling is as though they wore produced 


in the lowest part of the lungs. If the hand is 
lightly placed upon the lowt^st part of the chest, 
the vibrations can be strongly fedt. 

When these not<?s are correctly sung the whole 
length, breadth and thickness of the vocal 
cords vibratts and the windpipe and pharynx 
are very much expanded. As tin? voice ascends 
the scale, the great tendiiicy of the larynx or 
voice-box is to rise ; this must be caridully 
guarded against. 

The Upper Chest and Medium Regis- 
ters. All that has been said with regard to the 
lowor chest rt^gister equally refers to the uiipm* 
chest register, except that the vibrations are felt 
a little higher in the chest, and can be easily d(5- 
tected if the hand is placed upon tb(^ upper jiart. 
In singing the notes of this regisUi’, the whole 

of the V()cal 
cords do not 
vibrate. In both 
regist<‘i*8 the ut- 
most care must 
be used that the 
notes are not 
fori^ed. The 
mouth should 
feel full of sound. 
Men (basses and 
baritones par- 
ticularly) havfi 
hettiu* chest 
n o t e s t h a n 
w o m e n . In 
femal(5 voices, 
the contralto has 
tlie lu^st chest, 
n o tes ; 1 igh t 
sopranos have 
scarcely any. 

Toe medium 
or cloS(‘d register 
like the chest 
registiu* also in- 
cludes two seri(*s 
of tone — the 
lower and upper 
medium. Sonu; 
professors call the medium voice the faUetlo, but 
since the word “falsetto ” refers to notes “above 
the natural compass of the voice,” the word here 
is a misnomer, for the voice of the medium 
register is as natural, if not more so, as that 
of either of the other registers. 

The Lower Medium Register. The 
sensation felt when these notx^s are sung is as 
though the voice emanated from the throat. 
In singing the not;es of this register the vocal 
cords come closer together ; consequently the 
vibrations are quicker, the volume of tone is 
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The pharynx is not so fully 
expanded ; the soft palate and 
uvula rise, and close part of the 
nasal cavities, allowing the voice 
full scope to enter the mouth. 
Lot the student remember that 
the breath must be directed on 
to the lips. On no account must 
the larynx be allowed to rise. 


The Upper Medium Register. In producing the notes of the upper medium register the 
breath must bo directed against the middle of the hard palate ; the feeling then is as if the voice 
w(^re produced in the upper part of the mouth, vibrating in the cheek bones. In singing the 
notes of this register also, the larynx must be kept low. 


The Head Register. The sensation experienced when singing the notes of the head register 
is as though the sound emanated from the back of the head, ^ib^ating in the posterior nasal 
cavities. The chink of the glottis is very small, the vocal apparatus contracted, and the vocal 
cords, l>eing at their greatest tension, are very close together. As the student ascends the scale, 
the aperture or chink of the glottis becomes smaller and smaller until, finally, upon reaching the 
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highest note, the opening is very 
minute. To produce these notes 
scarcely any breath is required, 
and the mouth must be kept 
wide open. 

The soprano, mezzo-soprano, 
and tenor voices are the most 
noted for the liead register. 
Occasionally one finds a con- 
tralto or baritone who possesses 
one or two head notes ; but, 
generally speaking, when such 
is the case it is more than 
likely that the so-called head 
notes are nothing but the upper 
medium notes that have been 
trained as head notes. In this, 
as in the other registers, the 
larynx must be kept low. 


Soprano Voicm. 






Timbre. Even* human z rjz 

voice is divided into two classes r'^v: 

— the singing and speaking •- i 

voices: and each voice has. / Q iA P 
generally speaking, two timbres \ E T i ^ ^ 

— the closed or sombre, and the ) ^ ^ i 

open or clear. Quite irrespective ) (W\:f L f- 
of volume, ea(‘h sound uttered | C- -jZ 

by the voici* j)ossesses a number 'T 

of shades, and these constitute its 
timbre. For example, take the vowels AEIOU. 
pronouncing them. Ah. Ay, Ee, O, Oo. Sing or 
recite each of these vowels on the same note. 


| - ■ causes the tone to sound faulty. 

— _ 11 In such cases this defect can be 

easily overcome by care and 
thought. 

F~ r^~ ^ The voice sliould never be 

r §■ § forced, and, afhu' a correct 

- ■ -I— method of respiration has been 

- h — acquired, the student's undi vid(‘d 

' T attention must be directed to the 

‘ quality of tom*. 

Volume. Volume must not be confused with 
intensity. Volume is the size or magnitude of 
the voieV, its loudness or softness; and to culti- 


and with tin* same intensity of sound, listening 
carefully. The tone, of eacli will be found to be 
(juite difYerent. 

Beauty and Quality of Tone. It has 

been said that no two voices arc alike. This 


vate it the student must have som(^ knowh'tlgc* 
of, if he has not altogi'tlicr mastered, the art ot 
breathing. To acquire volume, the student must 
keep his larynx low, all the muscles of tlu‘ 
throat free, the breath well under control — too 


l>eing so, each voice must have some special much breath must not b(‘ ex|H'lled nor any 
chanwteristic ; but, besides this, it must be either undue pressure put on the vo('al cords — the 
resonant or muffled, mellow or nasal, clear or soft palate and uvula must lx* raised, the cliest 
throaty. The student should bear in mind that well expanded, and the tom* directed to the 
the qualiti<*s Avhich constitute beauty of tone ” front of the mouth, but th(‘re must be no 


are resonance*, purity, and clearness. 

.Although all tone is formed in the larynx, 
its quality dej^ends almost entirely on the 
r<*sonance chamlx*rs. If Nature has endowt*d 
tilt* student with open, free, and good 
resonance chambers — chi<*fly the pharynx and 
nasal cavities — together with the free use 
of the soft palate, uvula, roof of the mouth, 
tongue, and teeth, it may be affirmed that the 
(juality of the voict? will be good — that is, f>re> 
Sliming that the vocal cords are not defective. 
Numb(*rs of jasiple, some through forci* of habit, 
some through idleness, never use their resonance 


forcing. 

It should be not<*d that an intense^ tone is 
not necessarily a loud one. It is cause. fl by the 
pressure of breath on tin* vocal cords. There are 
various degrees of intt*nsity. Tlu'se th*jx‘nd 
entirely upon the naturi* of the phrase to lx* sung 
or recited ; th<^ gr(*at<*r the passion to be ])(>r- 
traved the greater must lx* the ])ressun*-- but 
not force of breath — ufion the vocal cords. 

Attack. I'o attack a note projxnly is to 
lx*gin it correctly, not scoop up or slur down to 
it, but to start it in the very c(*ntre. The br(‘ath 
must be well controlled; the attack must bi* 
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decided — ^not necessarily loud — quick and light. 
Signor Randegger compares it to “ touch ” in 
pianoforte playing, and he says “ it corresponds 
to it in quickness, distinctness, lightness, and 
elasticity.” 

There is always a tendency in attacking the 
first note of a song or exercise to let the air 
rush out, leaving insufficient breath to finish 
the phrase. It is (essential, therefon*, that the 
whole of the voi^al apparatus should be jirvpared 
and in readiness ere the order is mentally given 
for sound to b(‘ produced. 

UnfortunabMy, “ poor attack ” is a very com- 
mon fault with students of singing and untrained 
singers. This is chiefly owing to nervousness, 
which may cause th(‘ sing<*r to attack the tom* a 
little higher or low(‘r than indicated ; he will 
then slur do^vTl or seooj) up to the eorn^et tone ; 
this is a general fault, but none the lc‘ss bad. 
Sometimes a pupil through slice?* friglit dare not 
start to sing. Anyone at all afiliet<*d in this way 
must I'xert all his will jiower to overcome his 
nervousness. 

It not infrequently happi^ns that “ tightening 
the throat ” to jirevi'iit the breath from escaping 
(causes the attack to be ini^orreet. To repeat 
wliat has already been said ov<*r and over again, 
the diaphragm and rib muscles only — not the 
thntat wa.sr/(is -must ngulatc the breath control. 
lx‘t flic student remem I kt that the attack must 
be distinct, decided and (piick. 

Faults to be Guarded Against. 
Some of the most general faults to be guardiMl 
against in singing are these : 

1. Bad procluction — throaty and nasal singing. 

2. Breath escajH\ 

3. Tremolo and slurring. 

4. Fatigue of tlu^ vocal afiparatus. 

r>. Forcing the voice. 

fi. TighUming the throat muscles, 

7. Faulty intonation. 

5. High larynx. 

11. Wrong position of tongue, soft palate, and 
uvula. 

10. Facial contortions. 

11. Movement of tlu‘ shoulders. 

12. Standing on the toi's. 

Bad production is diu* to two causes, the 
first of which is the root of the tongue prt'ssing 
on th(» epiglottis, and so preventing a free passage 
of tlu^ breath. It is not an easy fault to over- 
caune, so the student must exercisi^ a good deal 
of will ])ower and perseverance. L<*t him ojxm his 
mouth naturally and fairly wide, and to set* 
what he is doing he must practise In^fore a 
mirror. L<*t tin*, tongue be (piitt^ lim]> and lie 
naturally on tli<^ floor of the mouth, keefiing the 
tip against the lowau* teeth. If he is not already 
able to k(H*p his tongue “ dowm,” he must prac- 
tise th(5 exercises for the tongue given lat(‘r. 

The stHuind cause of throaty or guttural sing- 
ing is that the root of the tongue ris(*s and forms 
a barrier at tlu^ back of the mouth. As tlu; natural 
])assage is thus blocked, the breath strikes against 
the barrier, and some forces its way round the 
sides of the tongue, some passes into the nasal 
cavities, and some is driven back into the 
throat. 


When nasal singing is permitted, the tone 
sounds as though it were actually issuing 
from the nose. As a matter of fact, in (certain 
cases some of the tone dof*s escape through the 
nose. It is the result of not raising the soft 
palate and uvula, and the tongue at such times 
is often elevated at th<* root ; in this w'ay the 
breath is prevented from entering the* mouth, 
and an undue amount is forced into tlu^ nasal 
cavities and nostrils. To remedy this, practise 
the exercist^s for soft- palat<^ and uvula given 
later on. In some (uises nasal singing is due to 
adenoids. When such is the case, let tlic student 
see a doctor and havi* them removed. 

Breath Escape. With beginners, breath 
escape* is a very common fault. It is due almost 
t'ntirely to a laek of jiroper breath manag<?ment, 
together with a tooslaek tension of the viKwil cords. 

What actually takes place is that the br(*ath, 
for want of control, rushes out through the vocal 
cords, which an* not })repar(*d to recc‘ive it. The 
result is that the gnaitiT part of the breath sli])s 
through, while only a small jiortion is used to 
make th(‘ cords vibrate ; consequently the listener 
h(*ars almost more breath than voice. 

Ijct the student sing his ext‘rcises vert/ 
feeling all the time that the ribs are well cx- 
pand(‘d, and that i‘vcrv particle of air coming 
from th(‘ lungs is being used to make the note. 
This fault, which is really a grave one, since it 
prevents the voice from carrying, besides im- 
poverishing it, must 1)0 corrected as soon as it 
is di^tected 

The horrible trembling of the voice, known as 
the tremolo, gives the listener the imy>ression 
that th(* sing(*r is trying to sing two notes and 
can pitch ru'itluT 

It is generally the result of over-straining, 
or it may bt* caused by training the chest n^gister 
too high, forcing the head notes, a wrong nietho<l 
of res])iration, ill-health, or n(‘rvousness. 

If it is (‘aused by ovc'r-straining, l(‘t the student- 
praetisi* rcr// soffh/, not longer than a quarter 
of an hour at a time ; if by training the chest 
n*gister too high, be guided by the diagram 
referring to registers [page* ()1S2], and practise 
all scales dow'nwards, singing in the mi*dium 
register as far as able. If by forcing tin* h(*ad 
notes, let tin* notes of the head register be sung 
rcry softlf/ until all signs of the tremolo have 
disappeared. 

If it is^enused by a w rong method of respiration, 
give special attention to cany out all ruk's laid 
down for correct breath management ; if through 
ill health, see a dwtor at onc(* ; and if, lastly, 
through nervousn(*ss, cone(*ntrate on a thorough 
knowledgi* of ex(*reis(‘s and songs. Slurring is 
dealt with latiT. 

Fatigue of the Vocal Apparatus, 

Fatigue may be due to various causes, such as 
forcing, overwork, bad prixiuction, A\Tong 
method of study, general health, colds, tonsilar 
mlargement, elongated uvula, adenoids, and so on. 

Much has already been said on the dangers of 
forcing. To overwork the voice ki the hope of 
quickly developing it is one of the gravest faults 
into which a student can fall. A correct time- 
table for practice is given on page 6190. 
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The utmost importance is attached to a correct health. The student must never practise whilst 

method of study, because when a wrong method suffering from a cold or sore throat, 

is employed, it impedes the progress of voice Forcing the Voice, Frequently, the 
cultivation very considerably. beginner in his eagerness to possess a big voice 

The voice is most susceptible to every degree is apt to force it — that is, he is not content to 

of health ; it may be regarded as the barometer of let it develop slowly and naturally but must 

bodily health. It will be observed, therefore, needs strain or drive it until he has gained 

how very important is a high standard of general size, but, alas ! lost the quality. This fault 
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iiiusi 1)0 rigorously ^.:nMrd<*(i jii^ainst : if carrif'd of rospiration luiisl ho acipiiriMl, and that the 

too fjir it spoils ruin. L(^t thostiidont wlio is thus larynx, t>r Adam's Ap]>lo, ho ko])t low. 

inolinod to forco limit liimsolf to sinjxing s^^///// Faulty Intonation. A })orsoii with faulty 
until tho fault is quite o^’oroomo. iiifouation is said to sintr ‘‘ out of tuii(\ ’ 

The fault of tightening the throat inust'los and to be (mIIut shar]> " or “flat.*' Wlnai 

is most prevalent amongst sopranos and t<‘nors. “ sharp tlio note ho nu'ans to sing is a shade 

Tt is generally caused by a faulty method of higher in pitch than ho intends it to Iks This 

respiration, and sometimes by singing with tho is caused eitlu'r by tight (ning the throat musolt's 

larynx high, l^et it l>f> remrunben’d that there or by lack of musical ear. If the former is the 

must l>o no fe(‘ling of strain or confr.iotion of case, apply the ruh's given for tightening the 

the throat whatsoever; that a eorn'ct me'thod throat muscles 
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If the “ musical ear ” is at fault, let the student 
strike a note on the pianoforte before attempting 
to sing, listen to it carefully, mentally aim at the 
pitch of the note, sing it, then strike the same 
note on the pijinoforte again, and compare it 
with the note already sung. 

This remedy also applies to lack of musical ear 
in “ flat ” singing. Flat singing may l)e attri- 
buted to ill-health, bodily and mental fatigue, 
lack of musical ear, but most frequently to 
carelessness. 

High Larynx. It is utterly wrong for 
anyone to sing with a high larynx or voice- box. 
Because the larviix rises, it may be argued by 
some iX'ople that it is quite correct to sing with 
it high, but this idea must be abandoned. The 
larynx rises merely to let food pass more easily 
down the gullet, not in any way to assist in the 
production of tone. 

Before uttering a sound, let the student open 
his mouth, lightly place his thumb and first 
finger on his larynx, or Adam's Apple, then 
swallow ; the Adam's Apple will lie found to 
move upwards and then doAvnwards. When it 
is down it must be kept so, and in this position 
let the student sing a note. Let him continue 
practising this until able to put it into position 
unconsciously and naturally. When the larynx 
is low, the tone will be open, free and pure. 

The Position of the Tongue. At the 
beginning of this course of study, the student 
will probably find it difficult to keep his tongue 
fiat, and at the same time loose and free. Not- 
withstanding, he cannot be too assiduous in his 
endeavours to control it. If the student opens 
his mouth and tries to keep his tongue flat, he 
will find that in nine times out of ten it will 
immediately rise, either at the tip or the root. 

To remedy this, let him take a hand-mirror: 
o{>en his mouth rather widely, place and keep 
the tip of the tongue against the inside of the 
lower teeth, then try and draw the remainder of 
the tongue backwards, feeding as though the 
root of the tongue had disappeared. I^actise 
without uttering a sound. Should the tongue 
still rise, let the student take a pajK^r-knife and 
lay it along the tongue, trying to realise the 
sensations felt when the tongue Ls flat. Slowly, 
and without moving the tongue in the least 
degree, withdraw^ the paper-knife. 

When he has repeated this exercise several 
times, let him again practise without the use of 
the paper-knife, and persevere until he is able to 
keep his tongue perfectly flat. On no account 
must he attempt to sing with the paper-knife 
in his mouth. 

More often through carelessness and ignorance 
than any other cause are the soft palate and 
uvula allowed to ‘‘ hang down when singing, 
and thus impede a good x>roduction. If they 
arc kept in this position, the tone sounds either 
nasal or as though it were produced through a 
thick curtain. The most beneficial exercise for 
keeping the soft palate and uvula ‘"up” is to 
stand with the mouth well o{»en, keep the tongue 
in position, and draw in a slow, dfjep breath 
through the mouth, directing the air towards 
the palate. The student will feel as though he 


wanted to yawn, and upon looking into his 
mouth ho will observe that his soft palate and 
u^’ula have almost disappeared. I^et him con- 
tinue to practise in this w^iy until he is able to 
raise them without obtaining the effect of 
yawning. 

Mannerisms. Nothing makes a singer 
appear more ludicrous than facial contortions. 
Perhaps the moat general of these contortions is 
the raising of one or both of the eyebrows. 
Other faults are undue raising of the upper lip 
at either comer, pushing forward the chin, 
inclining the heatl to one side, perpetual moisten- 
ing of the lips, assuming a set smile, constant 
blinking of the eyelids. (|uivoring of the lower lip, 
and a nervous twitching of the face generally. 
All these stupid faults can lx* overcome if the 
.student will practise carefully before a mirror. 

On no account must the shoulders be allowed 
to rise when singing : should they do so, it may 
be taken for granted that a vTong method of 
breathing is employed. As already point (xi out, 
the shoulders should l)e kej>t down and well ba(;k, 
in an easy position. This is quite easy if the 
pupil acquires a proper method of breathing 
and practises bc^fore a mirror. 

Another foolish mannerism, which may Ix^ 
easily overcome, is rising on the toes when a 
high note is sung. This fault is most general 
with tenors. If the student is inclined to rais(‘ 
himself on his toes, he will be wise to check it at 
once. Ix^t him observe and carry out the rules 
for a correct position, then there will lx* no fear 
of his falling into this absurd habit. 

Order and Length of Practice, llie 
student will do well to follow out the following 
time-table for daily p’*ac,tice. 

1. Ix)ng sustained notes on “ La ” or “ Ma," 
slow exercises, half an hour. 

2. Scales, arpeggios, and advan(*ed exercises, 
half an hour. 

3. Solfeggi, half an hour. 

4. Songs, half an hour. 

On no account must a singh* practice exceed 
half an hour. 

The above table applies to advanced students 
only. Elementary students must never practise* 
longer than one quarter of an hour at a single 
practice. If at first a fifteen minutes’ practice 
is too long, practise ten minutes. The exact 
order and length of practice for elementary 
students w'ill be given with each exercise. 

The student should never continue practising 
until he feels fatigued. Sufficient time for rest 
should be allowed Ix^twetm each practice. An 
hour or more should elapse after a meal Ixdon^ 
attempting to sing. 

Practising Hints. As regards the dura- 
tion of each practice, hours of practice*, and 
order of practice, it is of the utrnod importance 
that the student should l)e consistent. He 
must have method in his work, and never 
lx* spasmodic. Unle.sH lie practises carefully, 
thoughtfully, and regularly, he might just as 
well never practise at all. 

The student is w^ell advised never to force his 
voice, or to shout ; not to be too self-satisfied, 
and think he is perfect when he is only beginning ; 



never to practise to a pianforte that is out of 
tunc, and never to hurry over the production of 
his voice. 

Let him study with his brain more than with his 
voice ; it is useless to practise in “ parrot 
fasliion ” ; he must know and think why he is 
singing the various exercises ; keep his jaw loose 
and free : avoid all mannerisms ; keep to sim])le 
and regular diet ; and, above all, work hard and 
diligently, and remember that “of learning there 
is no end.” 

Singing Exercises. Alike both in male 
and female voices, two (‘k'mcnts an* absolutely 
necessary for the pnaluc^tion of voice — the brt*{ith 
and tt*nsion of tin* vocal cords. The size and 
tiepth of the voic(* greatly dt^pend upon tlu^ 
si/(‘ and development of tlu^ larynx. As already 
ni(‘ntioned, men’s larynges an^ much larger tiian 
wonu'n's: that is why th(*ir voices are deeper 
jind l(‘ss acute. 

Now till* art of ri'spiration has been studied, 
and something Ic irnt of the various registers, 
llu^ student’s attention may \h^ directed to th<*, 
lirst singing (‘xereises. The femak* voices will 
b<* taken first and then the male ones, but the 
following remarks apply ecjually to both of the 

Sf'Xt'S. 

(I) Stand in the ])osition indicated in Res- 
piration [ page tHlol J. 

(•2) L(*t th(‘ jaw fall naturally. 

(II) When the phrase allows, inhale slowly and 
fully. 

(4) The sign marks the place vIutc the 
breath has to In’; inhak‘d 

It is to b:* lu»ped that the stud(‘nt will, if he 
has not already done so. study the courst* on The 
'I’ nKoiiY OF Mrsic iK^ginning on page 37, so that 
he may In* thoroughly conversant with the tt'rms 
used ni his singing exercises; for example, tuf 
{uirzzo farte) m<Klerat<*ly loud, / {forU) loud, 
and so on. is urged ])articularly to study 
'Pi ME on pages 3S-41. The student should try 
to lealise that the more general musical know- 
l(*dge he possesses the better will be the n‘sults 
he will obtain. 

The cultivation of the female voice may begin 
when tin* stiuhuii is in her eight(*enth year. 1 Mh* 
mal(‘ voice must not Im* cultivated until (ho 
stud(‘nt is nin(‘teen years old. 

In practising the exenuses 1, 2, and 3»in 
this artich^ the mouth must be suftici<‘ntly (nam 
to admit tlic widili of the thumb between the 
upi)er and lower teeth. The Umgue must lie 
hat and naturally, with the tip touching the 
inside gums of the lower front tix'th. 

The c.onsonants must be very distinctly articu- 
lated, and thi^ exen'ises practised for several 
weeks — mezzo jortc^ then forte and piano — usually 
whilst standing b(‘fore a mirror. 

Breath must bo inhaled as directed in the first 
exercise for inhalation, and during inhalation tlu^ 
note about to bo sung — especially in Ex. 1 — 
must bo sound(*d on the* pianoforte, and listened 
to carefully. The student must then mentally 
aim at the pitch of the note. This will help to 
ensure a correct intonation. 


Ex. 8. J-l(X) CoNTRAi.Tr Voirns. 








When singing the notes of , 
(a) the lower medium register— 
inclusive the b^c^ath must be • 
<lirerted on to the lips ; 

(i) the upper medium register — 
inclusive — to the roof of the ' 
mouth ; n _ 


(r) the head register — n upwards 

— to the ba' k of the head ; ' ^ " 

{(1) the upper eht‘st register — — r~ j 

inclusive — to the front of the 
mouth ; ^ 

(c) the lower chest regist(‘r — \(fi\ 1 

inclusivc~to the front of the ^ y^to 
mouth. - 

A. Practising Time-table. Tlie follow- 
ing practising table should be adhered to if the 
lK‘st results are to l>e obtained. 

First and sec^ond weeks, Exs. 1. 2, and 3 
in this article. 



Third week, Ex. 3, Randegger’s “ Singing 

Primer” [page 08]. Exs. 1, 2, and 3 in this 

article also to be practised. 

Fourth week. Ex. 4, Randegger’s “ Singing 
Primer ” [page 70], also exercises of previous weeks. 

Fifth week, Ex. 5, Randegger's “ Singing 

Primer ” [page 83], also exercises of previous weeks. 

Sixth week. Ex 0, Randegger’s “ Singing 

Primer ” [page 86], alsoexercises of previous w'ceks. 

Seventh week. Ex. 7, Randegger’s “ Singing 
Primer” [page 89], Exs. 1, 2, and 3 in this 
article, and Concone’s “Solfeggi,” Ex. 1. 

All voices must be kept well within their 
natural compass in j)racti8ing, and “ I>a ” — 
pronounced as in the w ord “ father ” — is the l)est 
syllable on which to practise. The first song may 
l»e taken about the ninth week. 

Concone’s solfeggi for the different voices are 
these : “ Soprano, Mezzo-Soprano, and Tenor 

Voices: Fifty l^t^ssons for the Medium Part of the 
Voice.” “ Contralto Voices : Forty Lessons for 
Contralto.” “Baritone and Bass Voices : Fortv 
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lif^ssons for Bass or Baritone.” RandeggCx^’s 
editions of the above are recommended, because 
the phrasing is excellent. 

Before Ijeginning to sing a now solfeggio, the 
student should study it, fully realising with what 
object the exercise was written, whether for 
“placing” the voice, the legato or staccato style 
of singing, sustaining, phrasing, portamento, 
mezyz voce, mesm di voce, blending of the registers, 
or attack. As before st^kied, “ La ” is the most 
satisfactory syllable to use for solfeggi, and it is 



MUSIC 


Hung to the first note of each phrase, not repeated 
with every note, 

A student may find he produces better tones 
on Ma, Na, Pa, or Da, in which case he must 
practise on the syllable most suitable. 

When he is fairly familiar with the exercises, 
he must practise them bn the different vowel 
sounds — an, a, ee, o, oo, prefixing the different 
consonantal powers. 

Basses and contraltos are advised to omit for 
several weeks tlio exercises that are to bo sung 
(juickly. 

The Break. The student may find it 
difficult to pass smoothly, and without feeling a 
jerk, from one register to another. This “ jerk ” 
is most freqiuuitly noticed when j>assing from a 
lower to an upper register, esj)ecially from the 
c]u*st to the medium. It is commonly called the 
“ break.'’ 

IVrhaj)s of fe/nale voices the most troubled in 
tliis way an* tlu* contraltos. Many untrained 
ones have a v(*rv ]jronounced “ break ” some- 
where between 1) (below first line, treble clef) 
and F (first space, treble clef). No rule can be 
laid down as to which note the voice must 

break ” upon — it dcf)ends entirely upon the 
nature of the voice*— but on no ae^count must the 
chest register in any femal<? voice be taken above 
K (first line, treble clef), 

it is often possible to carry the chest register 
higher than this note, but however easy it may be 
to the student to do so, it is a very injurious 
practice. Besides coarsening and hardening the 
voice, it makes the medium and head registers 
very w'cak, and is one of the chief cau.ses of 
“ tremolo.*’ Tht* .same applies to the medium 
register ; it must never be carried up beyond F 
(fifth line, treble clef). Such a practice would 
make the “ head notes ’’ thin and .shrill. The 
most beneficial exercLses written for the “ blend- 
ing of registers ” may be found in Kandegger's 
“ Singing Primer,’’ pages ‘27-‘^7. 

Occasionally it is advisable when singing a 
d(*scending S(!al(* passage* to carry the lower 
medium register lu*yond its usual limit, and so 
not use the chest register. When sung in this 
way the passage i.s much smoother. On no 
nrconnt must th<* chest register in an a.seending 
scale be taken above its limit. If this is done, 
the piissage is coarse and broken. 

As male voic(*s use the cheat regi'^ter almost 
(mtirely, tlu'V are not affected by this “ break.” 

The above exercises recommended for female 



Male Voices. Male voices use the lower 
registers — chest and medium or “ voce mista.” 
The production of the “ voce mista,” or the 
“ mixed voice,” which, wdth tenors, begins at 



basses 



is very similar to the 


production of the upper medium register in 
female voices. When singing these notes “ the 
cavity of the mouth must be eompU;tely filled 
with voice, which, cnergeti(?ally directed tow ards 
the arch of the palate, will rebound from it. 
r(*.ndering the sound full and sonorous ” (Ran- 
dogger). 

The three exercises already given for female 
voices are recommended for male voices, and arc 
to be practised in the same order, 1, 2, and 3 ; 
but instead of beginning on F (first space, treble 
clef), the tenor must begin with E flat (first line, 
treble clef), and practise to G (above treble 
clef) ,' the baritone with B flat (immediately 
below' middle (•), and practise to E flat 
(fourth space, treble clef) ; the bass with 
G (fourth space, bass clef), and practise to C 
(third space, treble clef). It must bo borne in 
mind that the notes actually sung by the male 
A'oices are an octave lower than those indicated by 
the treble clef 

As the voice develo])s the compass may be 
extended, either upw’ards or dowmw'ards, or in 
both directions, as is natural to the voice. The 
student is advised to limit his compikss for several 
weeks. The directions given for female voices 
apply equally to maU^ voices. 

When singing the nott^ of the ehest registers 
the throat must be kept w ell open, the larynx low', 
and the breath directed on to the To 

produce the mixed voice " c'orrectly the mouth 
must be more open than for the chest voice, the 
tongue lie quite flat, and the breath directed to 
the roof of the month. 

Signor Randeggt'r says : “ Every student of 
singing should pay particular attention to the 
various physical s(*nsations experienced in ]>ro- 
ducing the tones of the different registei's.” 

The vibrations of the notes of the different 
registers are felt : 

(a) Lower chest, in the lowest part of the 
chest. 

{h) Upper ehest, in the upper part of the 
chest. 

(r) Lower medium, in the lower part of the 
mouth. 

(d) Upper medium and “ mixed voice,” in the 
front part of the face and tow'ards the forehead. 

(f) Head, in the back part of the head, 

Contin ued 


6193 




Gpoup 28 

DYEING 

INSOLUBLE COLOURS 

5 

The Importance of Water in Dyeing:. The Treat- 

CiintinuL-a Iron. 

ment of Water. Operations Preliminary to Dyeing: 


By HERBERT ROBSON 


Insoluble Colours. The insoluhlo eolours 
enti be divklofl into two elasM's — thost* whieli are 
a(]d<‘(l lo tlie dyebath in the usual way, but re((uire 
a s]>eeial solvent other than water to dissolve tlieni. 
and tliose wliich are ])rodnct'd on tJie libre. It 
might at first seem that the mordant dyes oiiglH 
to fall into this sei^ond class, but, althouirh tin* 
actual colour |>roduced is undoubtedly art‘<‘<‘tc(l 
to some extent by the nature of the ])artiiular 
mordant, yet in the case of the mordant eolours 
a previously existing dye is ein])loyed, and the 
lesulfing shade de])ends mainly upon it, whereas in 
the case of the developed colours the dy(‘ is wliolly 
manufactured in the })ath. so to s]K'ak. 

The first class is represented by the suljibur 
<lycs, and the second, which may conveniently be 
styl(*d that of the (Itnlopad colniira. may lie dividtal 
into aniline black, paranitraniline r<‘d. and other 
diazotised colours. 

Sulphur Colours. Cana line, discovered in 
1821, might be ranked as the first of the sul- 
phur eolours. but it is an inorganic salt ]>repare(l 
by oxidisinc potassium sulj»hocyanide. The first 
of the organic sul]>hur colours (also called suh 
fihine or snlphidv ctlfuirs) was Cachou dt* Laval, 
tnade in 1873 by fusing sodium sulphide with variotis 
organic bodies, such as liran and sawdust. Tt was 
followed /oa< 7 o inUrraHo by \’idal Black (189.3). 

The great fastness of the sul])hur dyes is nou 
bringing them rapidly to the front, although their 
use is at prestmt confined to cotton dyeinc. Tin- 
dye is dissolv^ed in sodium sulphide .solulion. and 
Jin average dye recpiires its own weight of sodium 
siiljih id<*. Extra marks, however, require twice 
their weight, and the highly concentrated braiuL 
treble, I’ntil rpiite recently tlieso dyi's have been 
put u))ori the mar!''et in a very impure state, so that 
enormous f)erccntjige.s of them were required ; but 
this stat<* of things is now much improved. 'i’fiL, 
))erha]»s, constitutes the most noticeable progp*.-'> 
of the ])asl three years (ltt04 fi), and, together with 
the greater range of shade now offered, b.av brought 
thi.s group into favour. l*erha])s the aviTair** 

/I mount is now 10 per cent, of dye. Some of the 
’cry concentrated marks will give full shade> 
with T) per cent, or even 4 ]wr cent. On the other 
hand, otJ ))er cent, of an imjmre sul[»hur dye may 
be necessary to ])rodu< e the < olour desired. The.'^e 
percentages are hoav'y, but the dyes are cheaj). 

The bath must lie made witli Olauber's salt and 
mKo carbonate of soda (soda ash) to increase the 
affinity between the dye and the cotton. Various 
-pecial j)re(‘autions have to be taken. Wood only 
must be iised for the dye vat. The goods, although 
enterisl at the boil, should not be allowed to boil 
in tin* b.ith. Steam shojild be* shut off as soon as 
the goods are in. l)uring the dyeing, the goods 
must be ke]»t immersr*d, as contact with the dye 
and wuth the oxygen (jf the air tenders the fibre, 
ami at the same lime tfuids to make it assume a 
bronze a])]K*aranee 

As regards the (piantify of sulphide of .sodium 
to b(‘ used, the l>est rule is to put just enough to 
dissolve the dye. The colour will come out veay 


thin if any notable excess of tbe sulphide is used. 
'J’he bath is kept standing, and leinforeed with dye 
and sulphide as may be reipjired. The dyed goods 
are centrifuged, rin.sed, and fixed with bichromate 
and sulphuric acid, with sulphati* of copper or 
peroxi(h‘ of hydrogen, or by steaming. Overaedion 
of the fixing agent must be avoided, as it tends to 
weaken the material. In all cases the goods ,irt* 
rinsed free from fixing agenf and then soaped to 
neutralise any ex(*ess of acid and also to tak(‘ 
aw.ay the harsh feel h‘ft in the fibre by the dyeing. 
When the .soa]) has Ihhmi rinsed out nothing nmiains 
but to dry tin* goods. 

Sulphur Dye Baths. A very essential 
precaution in dyeing with the sulphur dyes is 
t(» use baths as short as convenient. While the 
av<‘rage cotton-dyeing bath has twenty times 
the weight of the goods, it sb.oidd be restricfcal t<> 
about twelve times the weigljf in tlie case of flu* 
sulphur dyes. In some cases a simph' air oxidation 
suffices to fix tlu’ colour so that th<‘ dye can be used 
like indigo. Such dyes are mmdi preferred, and 
naturally so. as not only does fb<’ fixing in other 
ways cost time and money, but almost always 
alters the shade, thereby making it very difficult 
to dye to ])attern. There are already more th.in 
2(K) brands of sul})hur dyes now upon the market, 
and the range is daily increasing. To begin with, 
black was the only colour producible wdth the 
suljihur dyes, but the makers have gradually added 
grey, brow'n, olive, blue. y( How. (dc. At the time 
of writing a red ha« been jait on the market ('I’liio 
gene Kubine ()), which gives a darkish red, turning 
to a plum colour by after tre.itment w'ith co))p»‘r 
sulphate. Messrs. Bayer have also brought out a 
good violet (Katig^en ^’iol(‘f B). 'bhe rang<* of 
shade producible with sul]ihur colours is still 
comparatively limited, but it is growing constantly, 
and the sul])hur colours are gaining in importance 
<laily. 

Since this course w'as begun the gamut of colour 
dyes has been almost eom]»lefed. Quite lately a ]iure 
red has fieen added to the grou]». Tliio Indigo H(‘d B, 
simt out by Ab’ssrs. Kalle k Eo., is a very remark- 
able dyestuff. It may be regarded as indigo in w hi(dj 
the two imido groups are eai h replaced by an atom 
fd‘ sulphur. It therefore has the relationship with 
mdigo on the one haml, and with sul])hur eolours on 
the other. Thus it may h(‘ red need, like indigo, in tlie 
vat, or di.ssolvei] in sodium sulphide solution like 
a sulphur eolour. The range’ eif ]>ink to red sliades 
that it gives have notably assisted to eom]ilete the 
series of sulfihur dyes. The elye eombine’s we’ll w itii 
ineiigo, with tbe other sulphur eoleiurs, anel wifb 
basie’s, thus giving a ranges of shaeles with remark- 
able epialities eif fastness. 

Insoluble Axo Colours. In IHHO, Bmd 
Holliday k Sems, of Huelde’rstieHel, ]ialented a 
]»roee.ss of forming azo eolours elire’e t on the' cotton 
fibre. 7'be soluble azo e-olemrs are ne>f ceitfem dy(‘s, 
as no mordant has l>er*n femnel to fix tliem on Ibis 
fibre, but Me.ssrs. Holliday slienve’el that flmy e’emlel 
be nutdf on fbe? fibre. Tlu’ principle of the proe-e’ss 
of prodiieing an azo dye is fbi.s An amine, sue-h as 
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iKiphthylniniiie, in tiiken, cliHsolvcd in hydrochloric 
acid, and then diazotiaod by treatment with Hodinm 
nitrite: the diazo conijmimd so produced is then 
combined witli a phenol or an amine, and a colour 
is produced; this may then be treated with sulphuric 
acid, and thus converted from an insoluble to a 
soluble form. ^Icssrs. Holliday, in their process, 
(aiuse the cotton iibre to be im]>rcgnated with a 
solution of the amiiu' ; the fibre is then passed 
throujrh an acid bath of sodium nitrite, whereby 
tlje diazo compound of the amine is ])roduced on 
llie fibre, wliich is now passed into another bath 
containing an aminc‘, or ])henol, or some other 
body ca])ablc of (*ombining with the diazotised 
amine to form a colour ; what this w ill be depends 
u])on the amine that has been used. 

At the time little use was made of the discovery, 
and attention was urjrcd to it once aj^ain when 
another Knjrlish chennst created a sensation in the 
dyeing world. 

Primuline, already mentioned as a direct cotton 
colour, dyes unmordanted cotton a primrose 
yellow. Mr. A. (i. (been, now the ])rincipal of the 
licctls Technical School, made the remarkabh^ 
discovery in 1SS7 that by diazotising Primulinc 
on the fibre with nitrous acid, followed by a treat- 
m(*nt with a plauiol (U- an amine, a range of very 
fast and iKNUitiful colours was produced, varying 
with the dcvel<>p<T used, for instance : 

Beta-naphthol . . . . gave re<i 

Beta - najditliol - di- 

sulphonic acid K .. „ maroon 

Besorcinol ^ ,, orange 

Phenol yellow 

!Meta-]ilienylenc-diamine „ brown 

As these wer(‘ produced in the fibre, they wore 
called ingrain ’* colours, and the ( Jermans call 
this class “ ice colours,” as a very low temy)era* 
ture is necessary for the diazotising bath. 

Insoluble Axo Dyes. As regards the 
insoluble nzo dyes, how'cver, the numl)er in use is 
very limited, but at least one, paranitraniline red, 
familiarly known as para red in the dyehousc*, is 
highly important. It is ])roduccd by steeping tlie 
goods in a solution of sodium l)efa-naphtholute — 
that is, a soh]ti«ui of beta-na])hthol in caustic soda, 
usually with the addition of 'rurkey red oil — 
drying and developing at once. The developing 
bath is made by dissolving paranitraniline in a 
hot solution of hydrochloric acid. Cold water is 
added, and wlien the bath is (juite eold nitrite 
of soda is added. Naphthylamine Hordeanx is the 
next most important insoluble azo eolour. It is 
pre|)nred by diazotising al])ha-na])hthylamine. This 
has lakdy become more important in vimv of the 
vogue of “wdne shades,” and also because etieclivcs 
means of discharging it on the fibre, to proilnoe 
white and eolouied pattenis, have been discovered. 
Dianisidiiic Blue is obtained by developing dianisi- 
dine with l>eta-naphtho1. 

Toliiidinc Orang(% Amidoazo-toluol Carnot, and 
a few’ other insoluble azos h.ave found limited uses 
and are produced in a similar way. 

Aniline Blacks. Aniline black is generally 
divided into two classes — oxidation blacks and 
steam blacks. 'Phe formation of aniline blacks 
depends upon the oxidation of aniline. Its use is 
t>ractically confined to eof ton, because wool and silk, 
iiaving reducing ]>ro])ertieH, seem to prevent the 
oxidation of the aniline. It is possible, however, 
that a previous treatment of the animal fibre with 
an oxidising agent, such as permanganate of potash 
or bleaching powder, w'ill rcunove the difficulty, as 
the rcHbieing powers of the fibre have vented 


themselves upon the oxidising agent, so that after- 
wards the aniline black can be applied by the same 
processes us for cotton. 

Cotton is dyed in various w^ays with aniline 
black. When the oxidation is effected by aliciuid, 
the black is called an “ oxidation black.” When, 
however, it is effected by air aided by steam, the 
black is a ” steam black.” 

Oxidation Black. The following are some 
methods of preparing an oxidation black: (1) Mak(' 
the bath with 40 per cent, hydrochloric acid (34^ 3V.), 
10 |)er cent. aniliiu‘, and from 10 per cent, to 14 per 
cent, bichromate of potash. The bath should w eigh 
about Hi times as much as the cotton. The aniline 
is dissolved in the acid and tlic bicliromate in 
water first. The aniline is then first added to 
the rest of the w’ater and then the bichromate. 
The cotton is worked cold in the bquid for an liour. 
When the colour of the cotton is fairly strong, 
heat up the bath slowly to 140° F. to loO’ F. 
At least three hours should be occu]jied in the 
dyeing as the slow’Cr the process is the less chance 
there is of the black turning green on exposun^ 
to the air. On lifting the cotton it is well rinsed, 
soaj>ed. and rinsed again. 

(2) The bath is made w'ith from 1(> ])cr cent, to 
20 ]>er rent, hydrochloric acid, 20 jier cent. 
sul])huric acid, K ]>er cent, to 10 j)er cent, aniline, 
14 ])er cent, to 20 per cent, bichromate of potash, 
and 10 per cent, of ferrous sul})hate. If this bath 
is made considerably short<T than the previous 
one deserihed it will ])roduee the black without 
heat and with less tendency to weaken the fibre. 
The ferrous salt helps to prevent greening of the 
black. It is, of course, oxidised to ferric sulphate 
in the ])rocess. 

Prevention of Greening. Cotton dyed 
aniline black by either of these processes is usually 
given an oxidising bath of bichromate and sulphuric 
acid as a precaution against greening, hut the black 
is sometimes topped with methyl violet with the 
view of concealing any greening that may actually 
happen. Sodium chlorate is also used as an 
oxidising agent in the production of aniline black, 
especially on piece goods, but it requires the assist- 
ance of other agents. Lightw^ood used chloride of 
cop])er for the ])urj)ose, and ferrocyaiiide of 
])otassium has also bt^en employed. Probably 
the best yet known is ammonium vanadate or 
vanadium chloride. 

The cotton is impregnated, for exam])le, with 
o per cent, to 20 ptT cent, of hydrochloride of 
aniline, 2 per cent, to 10 per cent, of chlorate of 
potash, and a very small quantity of the vanadium 
.salt (about three-thousandths of the W'eight of the 
aniline salt). The black is developed by oxidation 
in a eurrciit of air kept damp by steam and passing 
over tlicKotton at u temjK'rature of about SO’ F. 
A much btdter and quicker development is obtained 
by the use of the Mather & Platt, in which the 
goods are passed through hot steam in a closed 
chamber. The temperature used de^wnds upon 
the kind of black in question, being about 200^ F. 
for ferrocyanide black, but for Lauth\s sulphide of 
copier black about 1(K)® F. only. 

Steam Black. The following is a good recipe 
for a steam black: Dissolve separately (j per cent, 
aniline, 9 per cent, hydrochloric acid, and 12 }>er cent. 
, sulphuric acid in 2t)0 |>er cent, of water. Dissolve 
separately 12 per cent, of sodium bichromate in 
200 per cent, of w^ater, and mix the tw'O solutions. 
Enter the cotton cold, and as soon as it is dyed, 
which Hikes two or three minutes, wring it and 
steam it for tw'enty minutes at 14 lb. pressure. 
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ArtiHcial Indigo. The artificijvl synthrsis 
of indigo is of decidedly earlier date than the putting 
of the product ujxm the market, but for a long 
time the cost of its manufjieture prevented it fi-om 
<*om|K‘ting with the natural dye. In 1870, Baeyer 
& Emmerling made it from isjitine, but isatine 
itself was not synthesised from coal-tar products 
until 1878. In 1880, Baeyer prepared indigo from 
cinnamic acid, and in 1882 Baeyer & Drewson 
]>rcjMired it from ortho-nitro-benzaldehyde by the 
joint action of acetone and caustic soda. This arti- 
ficial indigo was ]nit on the market in 1803. in com- 
bination with hydrosodic sulphide, under the 
name of indigo salt, hy Kallc Co. Another 
synthesis of indigo, from ])ljenvl-glycocoll, bv 
Heuiuaiin, was ]>ublislied in 1800. The jiroccss 
belongs to the Badischc Anilin und Soda Fabrik, 
and forms the basis of the method by wliieh that 
eom}>any now jaepares its indigo rein (indigo ]mre). 
vvhicli was ])ut upon the market in 1 897. All these 
.ii't iticial indiijos ,ue identical with one another and 
with the indigotin of tlu' natuial dyestutT. 

Operations Preliminary to Dyeing. 

lOven if goods ar(' to be dyed in the gr(‘V state 
lliev must ]>ass tluough a ])reliminarv treatment 
before they ran be |)ro|kerly dyed. 'riiey have 
g.ithered grease and dif t in tin* ]>roeesses of spinning 
and weaving, tli(‘ wool has been pur])os(‘ly oiled, 
and the cotton warps have l>e(‘n stiffened with size, 
whieli will act as a resist to the dye. The goo<ls, 
therefore, nnist be ])leatbed or tliorougbly s( (Hjr<‘<l. 
or wetted out. 

In these and in tlie dyeifjg j)roeesses the (jualily 
of the water used is of tlie first importance. A vast 
volume of it is required in the dyebouses, and an 
abundant sup])]y of ])ure water is a priine necessity. 
AVater must therefore be eonsklered. to begin with. 

Water. The ciuesliou of “ hard and “ soft ' 
wat<*rs from tlie ]»oint of view of the steam user 
has been considered more exhaustiv(‘ly in another 
< ourse. Here we must s}K‘ak of water siinjtly from 
the point of view^ of tlu* dy(*r. 

In bleaching or w'asliiri" the presence of the .salts 
of lime and magnesia entail a waste of soap. In the 
neighbourhood of bondon a laundry with a supply 
<»f water marking of )rardne.s.s considers that 
if has 'good water,” and yet every I,(KK) g;d. 
of this water will <le>troy more tlian 20 lb. of soap 
iK'fore it gets to wor k on the elotlies. 'Fhe availalde 
w^ater in sotiu' districts is capable of w'asting twice 
or thrice this amount of soa]) without ii.«eful result. 

In washing off aft<*r milling, a large fpiantity of 
waiter is used, and this if hard, forms a soap curd 
in the fibre. 'J'hi< curd makes satisfactory dyeing 
impo.ssihle. Haral water can never he used for 
washing and scouring goods w'liieh hav^e aft<*rwards 
to l)e dyed. 

Ev’^on a trace of iron in the water — and this is 
frequent is disastrous throughout the operations 
of the bleacher and dyer. 'Flu* student of tliis 
eoiir.>e has alnaidy seen that iron salts are used as 
mordants for dark shades, Tt dofvs not. require e.\- 
)>!anatio!), therefore, that iron in the water will ditll 
bright shafles, Tlie lime, magnesia, and iron salts 
form insoluble soaps in eouihinat ion with the wasted 
soa]) in scouring or bleach ing. I'hese ar’C deposited 
in spots on tlie cloth, and will not only infallibly 
h'ad to uneven dyeing, hut, in the ease of the iron, 
W'jll cause dark stains on ih<‘ goods. 

Ajiart from iron, the dulling (‘ffeet of wdiieh is the 
same throughout all his ofierations, the IriiMi honates 
of lime and magnesia, and in a loss degree bicar- 
bonate of soda, are most ti’ouhlesnme to the dyer. 


The principal fault of waiter containing carbonate 
of .soda is that it neutralises any acid used in mor- 
danting or dyeing. The bicarbonates of lime and 
magnesia waste the mordants and dyes in n similar 
manner to the destructive process we have pointed 
out in the case of soap. Tliey ])recipitate many 
mordants and dyestuffs, and 10(11100 hicliromates 
to neutral chromates, which give up much less 
clirome to the fibre, and are eonsecjuently less 
efficient as mordants. 

This will be sufficient to show that for the sake of 
economy and good results (he dyer must ))urifv 
the winter he uses. Foi tiiiiati'ly. the “ ]>erm)iiient 
hardness due to tlie ]>re.s(’nee of sulphates is of 
little eoiistMpuuK^e, although waters used for washing 
dyc'd goods should he fairly fr(*e from ]«‘rman(Mil 
hardness. 

In the ease of a fairly soft water, the dyer fre- 
(piently is eonleiit lo iieutrali.se the earhoiiates 
]ireserit in the mordanting or dye hath with an 
acid. If sul]>hurie acid is added, for instance, 
the earhonie acid is driven off as a gas. and the 
carbonate is converted into a sulphate. A safer 
and simpler method, and absolutely nt'ees.sary in the 
ea.se of many water siijiplies, is to }mrify all water 
hsim! for the boilers, and tlironghoiit all pro(*esses, by 
a jutdimimiry trcNitnient. 'Fliis jmrifieaticwi may he 
done by simply boiling the watia*. and thus eon- 
verting the hiearhonat('s into carbonates by driving 
off ]>art of the earlionie am'd. On a !arg(* scale* this 
is ol»viously impraet ieahk*. 

Bo.ssihly. the sini])lest method and least ex])('nsi\e 
is to add lime-w’ateft (hydrate of lime) in a (juantity 
ealeulated according to the degree of hardness (»f the 
W'at(T. ’Fliis added lime is converted into earlionate* 
at the ex|)ense of part of the earhonie acid in the 
hiearhonate, whicrh eemseqnently also l)f*comes a 
earhonate, and tin* now iiisohihh* linn* salts are 
]»reeipitated. and can he filtiTcd off. 

in irs Tliere remains. 


however, the per- 
inaiK'iit hardness 
to he considered, 
and for tli(‘ sake 
of the hoil(*rs it 
is desirable to re- 


+CED = 

* j)res(*nt. 

'I'his can he done hy adding earhonati* of soda to 
the water in tlie form of soda asli. 'Fhen a double 
decomposition oeenrs, din* to the familia 
law that the* strongest base will ••ornhini 
strongest acid. Nature’s great lie;ni -al example 
of her likinif for suitable comn.m )nshios : 


^'he sul- 
]»liate of soda 
does not »’*•■ **• Q 
form scale, | ^ j .f 

and the car- 
bonate of linu^ is ])reeipitated as before. 

It is evident (hat, a])art from the (piestion of 
initialc(ist, an efli(;i(Mit water softener must he sinqile 
Uj work, almost automatic, in fact, and that it nmst 
ensure certainty in adding the i*(‘agents in eorrt-el 
projiorlions ; allow* th(*.se proportions easily to he 
varied, ae(!ording to the wal(*r to hi* treated ; he 
able tn run at varying s]i(*eds without adjustment ; 
mix the reagents intimately with the water; allow 
eom]>lete removal of all snspend(*d matter and 
thorough cleaning of the lilt ‘i lng mit(*i ial w ithout, 
removal. As an example, ami as embodying thcise 
desiderata, the “ Criton *' Wat(‘r Softc'iu'r may h* 
looked upon ns an effiekmt n])pM*at*s, an! tbs 
h 18 been fully (hs rihel cn pifje I()9(>. 
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As the preliminary operations, and in particular 
bleaching, vary with the different fibres, we must 
consider them under the headings Cotton, Wool, 
and Silk. 

Wetting Out Cotton. The grease and dirt 
is removed in this ojKsration with a mild alkali, 
and the fibre is uniformly impregnated with 
water in order to allow the dye to ywnetrate 
it evenly. Air bubbles in the fibre are quite 
sufficient to cause uneven dyeing, and these 
are removed in wetting out. The usual method 
is to boil the goods with water containing 2 lb. 
or 3 lb. of soda ash jier 100 lb. of goods. The 
addition of a pure, well-made soap assists? the 
operation. In some cases the wetting out is done 
in the machine used in dyeing : for instance, raw 
cotton and sometimes hanks and warps are treated 
with boiling water for half an hour or more in the 
machine before the dyebath is made up, and piece- 
goods are given a few ends through boiling water 
on the jigger. More frequently a boiling-box or low- 
])ressuro kier [2] is use«l. Sometimes water alone 
is used — for instance, in cases where the dyestuff 
to be used woultl be aff<‘ctcd by the soda — and 
in some cases it is advantageous to substitute a 
smaller pro]iorfion of caustic soda. This is quite 
sufficient preliminary treatment, as a rule, for dark 
shades. 

Bleaching Cotton. The most perfect bleach 
is naturally needed by the calico printer, and in 
some caaes, even for light shades, the dyer is content 
with steeping the goods already wetted out in a 
weak bath of bleaching powder, without heat, for 
a few hours, washing, souring with dilute hydro- 
chloric acid and washing thoroughly. 

Tlie ste]>s of the ])rocess are much the same in 
the ease of yarn : 

1. The yarn is step|>ed in water for a night to 
remove the grosser impurities, and to open the 
fibre to the action of tlie lyc. 

2. ft is packed evenly into the low-pressure kier 
and boiled in lyc. The circulating action of the kier 
is shown in tlie illustration. In this a rather long 
boil is necessary. The lyc shoiild be prejmred 
with 3 ixu' cent, of caustic soda. This frees the yarn 
from grease. 

3. I'he alkali is thoroughly washed out in pure 
wa ter. 

4. The bleacliing operation proper follows, and 
retains its old name — “ ehemicking.” The apparatus 
used is very like a wa.shing machine. It may con- 
sist of a wooden box, with a perforated bottom, 
placed over a cistern. The yarn is packed into the 
upi^er com])artment, and the cold bleaching powder 
solution at about 2' "J’w. is prepared in the lower. 
The licpior is ])iimped througli a large rose over the 



2. LOW-PRESSURE KIER (ilather & Platt) 


goods and runs back into the cistern, and this 
constant circulation is kept up for six hours or so. 
This destroys all traces of colouring matter in the 
yarn. 

rt. The bleaching liquor is thoroughly washed out 
in jmre water. All the washing operations can ho 
very conveniently done in the ehemicking machine 
described above. 

(>. A little hydrochloric acid is added to the water 
in the lower cistern, and the acidulated water is 
sprinkled over the goods as before for half an hour 
or less. This is called “ souring.” and neutralises 
all traces of “ chemic '* left in the goods. 

7. The acid is thoroughly washed out of the 
goods. Plenty of water should be used, as traces of 
acid left in the yarn will tender the goods. 

J*ermanganatc of potash, peroxide of sodium 
or of hydrogen, and other bleaching agenfs lia ve lieen 
used for cotton, but their cost does not allow them 
to compete with chloride of lime 

It must be remembered that this is merely the 
outline of the process. As a rule it is a separate 
industry, and the dyer receives his goods in the 
bleached state. 

Singeing. This is a step of the bleaching 
process, especially when the cloth is to be ])riiited, 
but frequently it is advisable to singe goods to be 
dyed in the grey, [»nd it is a neces- 
*'sary process in lustre-mcrcerisation and 
Selireinerising. When yarn has to be 
singed, as, for instance, in the case of 
fin(' counts that are to bo given the ap- 
pearance of silk, either by mercerisation 
or by a mechanical process, this is a work 
of the spinner who “ gasses ” the yarn — 
that is, pasvses it at a high speed several 
times through the flame of a Bunsen 
burner. Many forms of machines are used 
for cloth, and the singeing is done by coal, 
coke or gas, and even electricity has been 
tried. Sometimes the cloth is passed over a 
hot plate heated by fuel, and at one 
time the difficulties in the way of 
employing the direct flame of the gas 
for cloth singeing made the plate machine, 
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the p^oipal one need for the pnrpoae. It ki 
still largely employed, but an inventor, Felix 
Binder, turned his attention to the gas singeing 
machine and made it efficient. As it » of more 
universal application than the plate machine, we 
describe ana illustrate the Felix Binder machine [8], 
improved and manufactured by Messrs. Mather & 
Platt. 

Binder found that the defect of gas singeing 
machines was that the hood and other parts became 
too hot. He remedied this by providing means for 
cooling the heated parts. The cloth to be singed 
passes over a wide slot in the underside of an 
exhaust chamber. The flame from the burner below 
is drawn gently through the cloth by means of a 
fan connected by pipes to the exhaust chamber. 
Tt will be noted in the diagram that this arrange- 
ment is duplicated, and that each side of the fabric 
comes under the action of the flame. The device is 
shown more clearly in the enlarged diagram at 
the side ; the arrow to the right shows the direction 
of the cloth and that at the side the direction of the 
air sucked by the fan. The exhaust chamber is 
surrounded by a water-jacket through which a 
current of cold water flows, indicated by the arrow 
in the middle. The darts show the direction of the 
jets of flame. The burner consumes gas and air 
supplied by the Roots blower at the foot of the 
machine. The cloth passes over guide rollers 
through a damping trough, and is plaited down at 
the side of the machine. This is perhaps the most 
efficient singeing machine available; the consump- 
tion of gas varies from 16 to 200 cubic ft. per hour, 
and in mis time the amount of cloth singed will vary 
from 12,000 yards to 18,000 yards. 

Wool. Wool “ in the grease” — that is to say, as 
it is obtained from the sheep’s back— in addition to 
dirt, contains a heavy percentage of fatty bodies 
insoluble in water, known as “ yolk,” and a body 
soluble in water called “ suint,” consisting prin- 
cipally of potassium salts of organic acids. As these 
are removed before spinning, however, this is not 
the dyer’s business. The woollen spinner, however, 
is obliged to oil the wool in spinning 
to give it suppleness, and whether 
from the yam or cloth this must 
be completely removed before dyeing 
or bleaching. This is a simple enough 
operation if good olive oil has been 
used, but much trouble in the dye- 
house has resulted from the use of 
mineral oils, which are unsaponifiable. 

Stretching. In the case of 
yam it is usually necessary to 
” set ” the fibre before dyeing, or 
otherwise it would shrink and be- 
come entangled. This is done by 
stretching the yam in a frame be- 
tween pairs of iron rods and boiling 
for half an hour or so. The upper 
imirs of rods can be raised by the 
action of screws, and the yam very 
tightly stretched in the frame. In 
this state the whole frame is put 
into a boiling-box and after treat- 
ment for some time the hanks are pulled half round, 
the boiling is completed, and the hanks are taken 
from the rods and allowed to cool. Tbe stretching 
machine shown in 4 , made by Messrs. Elkanah 
Hoyle & Sons, of Halifax, has thirteen white 
metal spindles in each row. The hanks are put 
over the spindles and stretched tight by means of 
the strong screws. A hook at the end of a rope 
mnning through a block overhead is put into the 
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eye-bolt and the whole frame is swung into a 
vat and boiled as described. This not only pre- 
vents the hanks from snarling, but puts a finish 
on the yam. 

Scouring. The yam is scoured in a solution of 
soap alone or of soda and soap, but the bath is not 
heated above 110® F. It is frequently done by 
hand, the hanks being hung on sticks as in dyeing, 
and moved forwards and backwards in the bath by 
two men standing on either side of a wooden tank, 
heated by steam. The position of the hanks on the 
sticks is changed from time to time, and when 
sufficiently scoured the yarn is washed thoroughly, 
squeezed and dried. A variety of machines have 
been devised for the operation, and in some of these 
the yarn is treated continuously, the hanks being 
made into a chain or placed loose on a travelling 
apron and carried through the scouring and wash- 
ing baths between squeezing rollers. Cloth is not 
always scoured before dyeing when it is to be 
dyed black, but for the best work it is always 
necessarv. A very ordinary form of machine is the 
‘‘ dolly.*^ This practically consists of a pair of 
squeezing rollers revolving over a tank containing 
the bath of soap and soda. The pieces are 
sewn together in a continuous band and passed 
in rope form — that is to say, not opened out — 
through the bath by means of guide rollers and 
through the nip of the squeezing rollers. A trough 
immediately below these catches the dirty w^ash 
water, which is run off. In some cases the cloth 
would be creased in the dolly, and an open width 
machine is used instead. Practically the only 
difference is that the squeezing rollers are wider, 
and that a device is added to keep the cloth 
in tension and thus prevent it from creasing. 
In either case the scouring is continued until the 
pieces are perfectly clean, and they are washed 
in clear water and dried. 

Crabbing. When the cloth is a mixture of 
different w^s, and more especially when it is a 
union material — wool and cotton— the goods must 
still further be set by crabbing. This operation 
is described more (particularly in this 
course in the chapter on mixt\u*e 
dyeing. The diagram shows a treble 
crabbing machine [6], made by 
Elkanah Hoyle & Sons, of Halifax. 
This is the standard machine used 
for Bradford textiles, and also for 
the light cloths of Huddersfield and 
Leeds. The first pair scours and 
extracts all the greasy matter from 
the goods. In the second pair warp 
and weft are “ set ” so that they 
will not cockle, and a lustre that 
cannot be removed is given to the 
goods. The third pair is the same 
process, but washed off in boiling 
water. Each pair of rollers is fitted 
with a cast-iron trough with a per- 
forated boiling-pipe from end to end. 

Bleacbing. Wool is bleached 
in an entir^y different manner 
to cotton, as the fibre would be 
totally destroyed in the lye boil. It is not usual 
to bleach it except for white cloth and for light 
shades. The scoured yarn or cloth is hung on poles 
in a brick chamber and ** stoved,” or ** sulphured,” 
as the operation is called. About 8 per cent, of 
sulphur is put in ah iron pan in the middle of the 
room, and a red-hot iron is thrust into it. The 
room is then closed and the goods are left to the 
action of the gas — sulphur . dioxide — for about 



ten liourf. Air is then allowed to blow through, 
and the ^oods are removed or washed. 

Sometmies a solution of sulphurous acid is used, 
or the goods are first steeped in sodium bisulphide 
and next in hvdroohlorio acid. In this case the 
sulphurous aoio, being in a nascent state, acts very 
TOwerfully. Sulphur bleaching, however it is 
effected, is only temp<»:ary in its effects. The 
yellow tint of the natural wool will return, especially 
if the goods are washed 
cmce or twice. To counter- 
act this, such things as 
white fiannel are blued in 
the familiar manner of 
the laundry. 

A much more perma- 
nent bleach is obtained 
with hydro^n peroxide, 

“ oxygenated water,” as 
the French call it, or 
with sodium peroxide. 

Hydrogen peroxide is 
very unstable, but it 
claims priority of use, 
and the process is very 
simple. It is, however, 
more expensive and less 
easy to keep than sodium 
peroxide ; and this is generally used where the 
cost of the process is justifi^ It is highly 
important that no metal vessel should be used 
and that the water should be free from even a 
trace of iron. For 100 lb. to 160 lb. of wool the 
bath is made with 7} lb. of sodium peroxide, 3 lb. 
phosphate of ammonia and 8 lb. sulphuric acid In 
100 gallons of water. All these ingredients must 
be mee from iron. The sulphuric acid is first 
added to the water, then the phosphate and the 
peroxide are slowly stirred in. When the bath has 
oeen properly prepared it will hftve an alkaline 
reaction due to ammonia; it is now allowed to 
stand for about twenty minutes, and the scum 
that rises is removed by a wooden scoop or other 
suitable utensil. It is then ready to receive the 
scoured and properly rinsed goo^. The wool is 
entered and the temperature raised to 110° to 
120° F., and maintained at this for twentv-four 
hours, according to the thoroughness of the bleach 
required. The goods should to turned from time 
to time; and uie bath may require the further 
additiem of ammonia to maintain its alkaline 
condition, Uie necessity for which can be ascer- 
tained bv the use of red litmus paper. When 
sufficiently bleached the wool shoula be lifted 
and alloi^ to drain into the bath — squeezed if 
practicable— and then thoroughly rinsed. 

This gives a pure and briUiant white unattain- 
able by BUY other means. 

8ilK« Ihe object of the preliminary operations 
in this case is not only to prepare the material for 


djreing but also to make it soft and lustrous. This 
is done by removing more or less of the silk glue, 
and according to the degree to which this opera- 
tion is carried the material is called ** boiled-off 
silk,” “ souple sak,” or “ 6cru.” 

The sfik is worked for an hour 
rather under the bofi in a bath made with about 
30 per cent, of soap. The gummy, soapy liquor 
that results is known as ” boiled-off liquor ” and 
is used in the silk dye- 
bath. The sfik is then 
washed in water in which 
a little soda ash is dis- 
solved, and scoured. For 
this process the silk is 
put into hempen “ pockets ” 
and boded, sometimes as 
long as three hours, in 
a soap solution almut 
half the strength of the 
previous batlu It is then 
washed thoroughly in soft 
water and dried. 

Soupling* The raw 
sOk is first scoured by 
working for about an hour 
in a lukewarm bath made 
with about 10 per cent, of 
soap and a little soda. It is then worked in a 
solution of aqua regia in a stone trough, bleached 
after the manner of wool by sulphuring, and, with- 
out removing the sulphur, is softened by working 
in a solution of cream of tartar at about the boil 
or a little under. The process requires experience 
and should be studied in special works, such as 
Humt’s “ Silk Dyeing.” 

][tora SillL. This is simply scoured in a luke- 
warm bath of soap and soda. This removes the 
fats but very little of the gum. In this state it 
may be dyed black, but for other colours it is 
bleached. 

Bleaching. Silk can be sulphured in the 
same manner as wool, but the white obtained is 
verv fugitive. The best agent is peroxide of 
hydrogen. The scoured silk is simply treated in 
an al£Uine bath of peroxide. It is entered cold, 
left for twelve hours, turned, left another twelve 
hours, and then the bath is made lukewarm and 
the process is finished in another three hours. This 
is slow, but an unhastened cold bath is better in 
peroxide bleaching, whether for wool, or silk. 

The weighting of silk has been mentioned on page 
5780. The boued-off yam is sometimes stretched 
between wooden rods, and gains as much as 3 per 
cent, in length without injury, while the lustre 
is increased. It may be steamed in the stretched 
state, whMi still further increases the lustre, 
or twisted up very tight and allowed to remain 
in this condition, which also has a glossing effect. 


Continued 
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HISTORY RUSSIA BECOMES A GREAT POWEl^ 

43 the Tmible.** The Days of Peter the Great His 

conuiniedfmtn Achievements at Home and Abroad. The Rule of Catherine 11. 
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By JUSTIN McCarthy 


IVAN II., called The Great, who married the 
* niece of Constantine Palssologus, took the title 
of “ Ruler of All Russia.’' He marched against 
Novrogod and took possession of the city in 
1481, railing numbers of its inhabitants. The 
retreat of the Tartars from Moscow in 1488 had 
the effect of freeing Russia from the Tartar- 
Mongol, but Russia’s greatest ememy at that time 
wasLithuania, which was close to Moscow. The 
war with Lithuania and Poland began in the 
reign of Ivan III., and was continued by his son 
Vasili, who retook Smolensk. 

The Firet Tsar. Ivan IV. succeeded 
Vasili in 1533 when he was only three years old. 
He was known as “Ivan the Terrible,” and is 
one of the best<known of the Russian rulers. 
He reigned for fifty years, and was the first 
Russian sovereign crowned as Tsar. He did 
much during his reign to improve the arts and 
commerce of the country, as well as extending 
its territory, and he made a commercial treaty 
with Queen Elizabeth of England. Ivan the 
Terrible persecuted the Boyars, of whom he is 
said to have slain many thousands, and his 
cruelty was indeed so great towards the end of his 
life that he is generally believed to have become 
mad in his later years. He died in 1584 — it is said 
from grief for having killed his own son in a fit 
of anger. His weak-minded son, Feodor, suc- 
ceeded him, and he in his turn was succeeded by 
Boris Godenoff, who was chosen by the Duma. 

The Beginning of Serfdom in Russia. 
Boris Godenoff was a man of great adminis- 
trative ability, but his rule was not a fortunate 
one for Russia. He abolished the peasants’ rights 
of free removal, thus instituting serfdom — the 
curse of Russia for many generations. To secure 
the succession for himsen and his family, he 
exiled Feodor and his mother and caused the 
assassination of the young child Dimitri in 1591. 
Some years after this there appeared in Poland 
the famous impostor who callcra himself Demetri, 
the murdered son of Ivan IV., who succeeded 
in passing himself off as the rightful heir. He 
found many supporters, and was recognised as her 
son by the mother of Dimitri. He was crowned 
at Moscow in 1605, but the Russian people were 
soon disappointed in him, for he had married 
a Polish woman and was merely an instrument 
of the Poles. His imposture was soon discovered, 
and he was murdered in the following year in 
the palace where he had so lately been installed. 
Prince Vasili, who had risen against him, was 
proclaimed Tsar, but the Russians refused 
to acknowledge him, and Russia remained in a 
state of unrest until the Sobor elected Michael 
Romanoff, one of a family already popular in 
Russia. 


Michael was the first sovereign of the House 
of Romanoff. He made peace with Gustavus 
Adolphus by ceding Schlusselburg to the 
Swedish king. His reign saw insurrections of 
the peasants and wars with Poland. Under his 
son Alexis, Russia was further modelled into a 
state, and the administration was reformed, but 
there were, notwithstanding, many popular 
risings, and many troubles in the Church. The 
Patriarch Nikon endeavoured to attain the same 
supremacy in the East that the Pope had in the 
West, but the popular Church — the Old Faith, 
as it was called — opposed him, and he was event- 
ually deposed and exiled. In this reign Poland 
was at last conquered by Russia, and the Russians 
also recovered Smolensk. Alexis was succeeded 
by Feodor in 1676, and on his death, six years 
later, his half-brother, Peter, was chosen Tsar. 

Peter the Great. Peter the Great was 
the Russian sovereign to whom the country owes 
her sudden rise into power. He was bom at 
Moscow on June 9th, 1672, four years before his 
father’s death. When Feodor, his half-brother, 
knew that his death was near, he named Peter 
as his successor, excluding his own brother, Ivan, 
who was believed to be of weak mind. Ivan’s 
sister, the Grand Duchess Sophia, opposed this 
nomination, and an insurrection of the militia, 
encouraged by her, rose against it. By Sophia’s 
influence it was eventually arranged that 
Peter and Ivan should be crowned as joint rulers, 
Sophia acting as Regent during their minority. 
In 1689 Peter, who in the meantime had received 
an exceUent education under the guidance of a 
Genevese named Lefort, called on his sister to 
resign the Reg^cy, and, the militivry force of the 
country being on his side, Sophia had to give up 
the struggle. She was shut up in a convent, where 
she died. Peter gave his brother the nominal 
position of sovereign, but did all the work him- 
self, and after Ivan’s death, in 1696, he set 
to work to create a navy for Russia as well as a 
mercantile marine. The training of the navy 
was interfered with by the fact that Russia had 
only one port, and Peter, with the promptitude 
and disregard for principles of national equity 
which characterised him, declared war against 
Turkey and captured the port and sea of Asov. 

How a King Went to School. 
Feeling that he had now made for himself 
and his country a settled position in Europe, he 
determined to study in the great capitals of 
Europe where civilisation was alrcady established, 
the improvements which practical science had 
made in all departments of life ; but he had £^t 
to suppress a revolt of the Strelzi, or militia, a 
peoulictf military institution in Russia. He then 
visited the Baltic provinces, Prizssia, Hanover, 
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and Amsterdam* ttiiere he worked as a common 
shipwri^t, and also studied astronomy, astro- 
logy, geography and natural philosophy. In 
he went to London, and at Deptford he 
a^in worked, entirely unlmown, as a smpwright. 
While there he arranged for the emigration 
and settlement in Russia of a large number of 
surgeons, engineers, artillerymen, and artisans, 
for whom he was to find employment. When 
he returned to Russia he suppressed the Strelzi, 
which had given him so much trouble, and or- 
ganised the new army according to the principles 
of the great European states. 

Reform in Rueeia. A strong anti-reform 
party was springing up in Russia among the 
classes who, in every country, are opposed to 
all iimovations. As his wife, Eudoxia, had 
associated herself with the anti-reform oiganisa- 
tion, he obtained a divorce from her. Then he 
set about the work of reconstruction. He estab- 
lished naval and military schools, encouraged 
trade with foreign countries, remodelled the 
Press after the fashion of civilised Europe, 
and arranged for the publication in Russia of 
the best foreign books. In 1700, in alliance 
with Poland and Denmark, he engaged in a 
war with Sweden, then a powerful country. 
Charles XU. of Sweden, who had just succeeded 
to the throne, displayed his genius for war 
and compelled the Danes to sue for peace. 
In this success he was materially assistea by a 
squadron of English and Dutch under the 
command of Sir George Rooke, the famous 
E^lish admiral. 

Peter attacked Sweden, but Charles XU. 
defeated the Russians at Nawa. Peter, how- 
ever, continued his long coptest with Sweden, 
and after some defeats he completely crushed 
Charles XU. and his army at Fhltowa in 1709. 
Charles was not dismayed. He induced Turkey 
to declare war against Peter, and in this war 
Peter was reduced more than once to a condition 
which seemed desperate. He held out with 
his characteristic perseverence, and in 1711 he 
concluded a treaty by which he got out of the 
struggle with the sacrifice of the city of ‘Asov 
and the land belonging to it. 

Foundation of St. Petersburg. Peter had 
in 1703 laid the foundation of the new Russian 
capital, St. Petersburg, and in 1712 the seat of 
government was transferred to it. In the same 
year Peter married again. His second wife, 
Catherine, was the dau^ter of a peasant woman 
and a Swedish dragoon. After one of the 
Russian victories she became the mistress of 
IVinoe Menschikoff and then of Peter. In 1716-17 
the Imperial pair made a prolonged tour through- 
out Europe, ouring which Peter emtained new ideas 
for the improvement of Russia. Some of Peter’s 
reforms were again opposed by many of his 
nobles, and Peter punisned his opponents with 
unrelenting cruelty. His son by nis first wife, 
Alexei, was accused of join^ the opposition 
to his father’s plans, was tried, condemned to 
death, and actually died in prison. A treaty of 
peace was concluded with Sweden in 1721, by 
which the Baltic provinces and part of Finland 
were yielded to Russia. 


HlgTOIIY 

A year after Peter forced a war on Persia, with 
the result that three of the Caspian provinces 
became ^rt of Russia’s dominions. The last 
years of Peter’s reign were mainly occupied with 
projects worthy of his better days, for enlarging 
ana adorning his new capital, and for the spread 
of education throughout his dominions. Sud- 
denly he was attacked by a serious illness, and 
died, February 8th, 1725. 

Russia under Menschikoff. On Peter’s 
death, his wife, Catherine I., was acknowledged 
Empress of Russia. Catherine was wholly under 
the directions of Menschikoff, the Russian field- 
marshal, by whom she was first introduced to 
Peter, but who afterwards lost Peter’s confidence 
because of his extortions of money for his own 
ends, and also because Peter suspected him of 
treacherous dealings with the enemies of the 
Emperor. Catherine restored him to favour, 
and during her reign and that of her successor, 
Peter II., he governed Russia with an absolute 
rule. He was already making arrangements for 
the marriage of his daughter to the young Tsar 
Peter, when an uprising against him by the old 
nobility proved too strong for him and his party, 
and he was banished to Siberia, after the con- 
fiscation of the vast estates which he had 
acquired by all manner of discreditable dealings. 
Death brought his career to a close on November 
2nd, 1729. His great grandson became, in a 
certain sense, famous, for his was believed to be 
the main influence in forcing on the Crimean 
War, and he commanded the Russian forces at 
Alma and Inkerman, and in the defence of 
Sevastopol. 

In 1727 the anti-reform party of the nobility 
set up the only son of Alexei, who had died in 
prison, as a claimant to the throne on the death 
of Catherine, and he became Emperor as 
Peter II. Peter II. was under the control of 
Menschikoff, and afterwards of Dolgorouki, and, 
like Catherine, was not in any sense the real 
ruler of the Empire. 

Some reigns followed from 1730 to 1762 which 
were more remarkable for political intrigues and 
struggles at home than for great events in the 
world’s history. 

Catherine II. The reign of Catherine II. 
calls for more special notice. She was the 
daughter of a German Prince, and was bom at 
Stettin on May 2nd, 1729. She was, by diplo- 
matic arrangement, chosen when very young as 
a wife«to the young Prince Peter, heir to the 
Russian throne. The young pair were married 
in 1745, and Peter III. l^came sovereign in 
1762. Catherine had. been brought up in com- 
parative poverty, for many German princes had 
then very limit^ revenues. She was a charming 
woman, endowed with great political capacity, 
and was, indeed, one of the most capable women 
who ever occupied a throne. But sho was 
unscrupulous and corrupt ; she seemed to have 
no moral principles ; she loved to be paid court 
to and surrounded by admirers ; she enjoyed 
political intri^e, and personal intrigue stOl more. 
She and her husband never got on well, and in 
the earliest days of her married life her conduct 
was the o%use of much scandal. After her husband 
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Buooeeded» in 1762» the quarrels became more immense fortune v^hen he died> in the October 
frequent Catherine was banished from the of 1791. 

palace and constrained to live in a separate Suocenn Abroad. The several partitions 
home. She had made many devoted fnends and of Pohmd and its subjugation to the rule of 
adherents by her commanding abilities, and by Russia were reokcmed by Catherine as among 
her attractions and her encouragement to her the triumphs of her reign. During her reign, also, 
lovers. A conspiracy on her behalf was got up there were wars with Turkey, which ended in 
by several powerful nobles ; Peter was dethroned another increase to the Empire, and there was a 
and Catherine became Empress. Very soon war with Sweden, which had for the time a like 
after Peter was murdered, and there were many effect The acquisition of the Crimea gave 
suspicions that Catherine knew of the plot to Russia the command of the Black Sea. Catherine 
kill him. professed the most advanced ideas and the fullest 

CatheHne and PotemKin. Catherine II. sympathy with the rights of the peasant class 
displayed great ability in carrying on the and the poor ; but her rule was one peculiarly 
government, and the dominions and the power oppressive to those classes, for the power of the 
of Russia were greatly increased during her landlords over their serfs was greatly increased, 
rejgn—increased with an utter disregara for and serfdom was restored in some territories 
all principles of international equity or for where it had been abolished. She was a woman 
justice and morality. Catherine had moments of great ability, and had literary gifts which 
of generosity and mercy, but she never shrank might have won for her a more honourable 
from cruelty where cruelty could serve her renown than she acquired as an Empress. The 
purpose. She had always some special favourite impression made on students of Catherine’s 
to whom for the time she entrusts the guidance reign is that she was, all through it, pla}ing the 
of her affairs, l^e most notorious of these was part of an Empress, according to her ideas, and 
Potemkin, a man of a noble Polish family, which, thought only of captivating, on the Imperial 
like many others, had been reduced to compara- stage, the vast audience who followed her move- 
tive poverty. He had a handsome person, and ments with ever quickening wonder and admira- 
he entered the Russian army, where he dis- tion. Her memoirs are full of interest, and must 
tinguished himself, and soon attracted the hold the attention of every reader, but may shock 
attention and admiration of Catherine. She gave many by their freedom of opinion and expression, 
him the management, the government, in fact, Catherine died of apoplexy on Noveml^r 17th, 
of a large territory in the south of Russia, and 1796. She had be^ much admired by many 
De S^r, in his ** Memoires,” tells of an ingenious brilliant French writers and diplomatists, whom 
performance by which he secured the full con- she did her best to attract to her Court and to 
fidence of the Empress. keep around her. She was one of the ablest 

An Elaborate Deception. Catherine women who ever sat upon a throne, but it would 
announced she was about to visit the be hard to decide whether Russia was the better 
region over which he ruled in order to or the worse for her life and her reign, 
see ^e prosperity it was attaining under his Catherine's Successor. Catherine was 
control Potemlm, determined to make an succeeded by her son Paul I. His reign 
immediate impression upon her, caused a great though short, did much harm to the condition 
number of wooden houses to be constructed of the people. Paul’s foreign policy was capri* 
and arranged as separate towns and villages cious ; he restored to the condition of serfdom 
along the way the Empress had to traverse, some of those who had before been made 
and he hired a number of peasants and others crown peasants ; set up a severe censorship of 
to enact the part of contented and happy the Pr^ ; prohibited the introduction of any 
residents. This extraordinary piece of sta^- published matter from foreign countries, and 
play proved a complete success. Catherine was made the organisation of the secret police more 
deceivedby the imposture, and delighted with the effective than ever. There can be little doubt 
evidence that the countiy was already rising in that the mind of Paul was unsound, and that 
domestic prosperily, for which she hop^ to have many of his acts were to be ascribed to disordered 
the principal cro^t. She confeirra honours intellect. He became so odious to many of 
lavishly on Potemkin, and placed him at the those around him that a palace conspiracy was 
head of the army. In the war with Turkey, in got up to compel him to abdicate, and when 
which the great victories of Bender and Ismail raul resisted, a struggle took place, in which he 
were won by Suwaroff, who served under was killed, on March 24th, 1801. 
him, Potemkin took all the credit, and made Paul was succeeded by his eldest son, 
a triui^hant entry into St. Petersburg in Alexander I., the progress of whose reign brought 
1791. l%ie favour Catherine showed to him him into prominent association with some of the 
made one of the many scandals of her reign, greatest events in modem history. \^en he 
Potemkin was a clever man, ready and adroit, but came to the throne all Europe was becoming 
unscrupulous and licentious. He made himself disturbed W the French Revolution, and the 
enormously rich, mainly at the public expense, history of Europe became for many years only 
and in spite of his extravagance he left an the record of that Revolution’s workings. 
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DETWEEN the wide exj 
^ which it is proposea 


of pasture land 

__ to transform into a 

market garden, or b^utify as an adjunct to a 
mansion, and the tiny plot of the suburban house, 
covered with builders* debris and overrun with 
weeds, there does not, at first sight, appear to be much 
connection. Yet, vast as the science of horticulture 
iH, the same principles con be applied, with certain 
modifications, to the garden of the millionaire and 
to the tiny pot-plant struggling for life on the 
window-sill of a city slum. 

It may appear superfluous to remark that 
anybody who desires to attain a knowledge of 
gardening must be^ at the beginning, but there 
is a reason for saying so. Buying p^lants from a 
nursery in the springtime and putting them in 
the ground is nor (gardening, any more than 
paying a man to do all the hard work is, and, 
therefore, to acquire proficiency in horticulture, 
a novice must go right “ back to the land ** in 
its original condition. 

The Firet Step in Gardening. The 

first step to be taken is to find out the nature of 
the soil one has to deal with. The chief con- 
stituents of all earth are one or more of the 
following substances in various proportions — clay, 
sand, gravel, lime, and decayed vegetable matter. 
Take a spade and turn over a few spits (a spit 
is a layer of earth the depth of a spade's blade) 
of the soil OB the land or garden it is proposed 
to cultivate. Dig down to some little depth, as 
the character of the soil often varies somewhat 
two or three feet below the surface. 

Now examine a sx>adeful of the earth. If it 
be thick and “ stodgy ’* with clay, it is what is 
called a hea^ soil, and will need a good deal of 
improving. D it contain a fair amount of sand 
mixed with clay, so that it is not sticky and sodden, 
it is a natural loam, the most precious of all soils 
to the gardener. Should there be so much sand, 
however, as to make it dusty and crumbly, it is 
known as a light soil, and wants careful handling. 
Where a large amount of chalk enters into the com- 
position of the ground, as in many parts of Kent, 
and on the Surrey hills, the soil is called a calcareous 
one, and in its natu^ state is specially suited 
for the culture of many sorts of vegetables. The 
richest of all soils, though not the most useful 
for ^eral purposes, is peat. This may be distin- 
guished by its very dark colour, and &e presence 
of decayed veretable matter. It is met with most 
frequently in damp situations, and really represents 
the first stage in the transformation of vegetable 
matter into carbonaceous matter. 

Draining and Lewelling. When once the 
nature of the soil is known, it must be drained 
and levelled if the area is of considerable extent. 
Town and suburban gardens are, of course, already 
drained, and are ^nerally of such limited area that 
they require no fovelling. A simple and effectual 
way of draining is to dig a series of narrow 
trenches, six ya^ apart, from the highest points 
of the ground to the lowest, laying at the bottom 
of these trenches, which should m 3 ft or 4 ft. 


deep, so as not to interfere with the roots of 
plants, a row of common earthenware pipes 9 in. 
in diameter. These must communicate with a 
larger, or main, drain pipe, which empties itself 
into a pond or stream, if one exists, or, if not, 
forms the nucleus of a pool, which, by this easy 
and natural process, becomes an admirable site 
for the water garden. 

It is not necessary to give much attention to 
levelling a garden. The n<^ for it is non-existent 
in the small suburban garden, and, as far as the 
market garden is concerned, levelling is a waste 
of money and time, except when sites for rows 
of glasshouses have to oe prepared. For this 
jnirpose, however, and also for the formal part of 
the garden near the mansion, and in the prepara- 
tion of tennis lawns, bowling greens, and other 
fiat ground, some levelling must done. 

How to Lewel the Garden. This can 
be accomplished by very simple means. A peg, 
a length of cord, a stick marked with feet and inches, 
and a spirit-level are all the implements that are re- 
quired. At what is judged to be the highest point 
of the groimd to be levelled, a peg, with the cord 
attached to it, must be driven in. From thence 
the cord must be extended over the whole area 
until the lowest point is found. This is done by 
sliding the loose end of the cord up and down the 
measured stick at various points [1] until, by 
means of the spirit-level, the difference between 
the highest and lowest points of the ground is 
discovered. For the sake of filustration, suppose 
this to be 4 ft. Therefore it is necessary, in 
order to establish a common level, to throw 2 tt. 
of the soil from the highest part of the land on 
to the lowest part. 

In practice more than this must be done, and 
the low parts to be filled should be built up to at 
least 6 in. higher than the spots from which the 
earth is taken, to allow for subsidence, and also 
for compression when the roller is applied. 

Digging and Trenching. The question 
of removal of soil brings us to the all-important 
subjects of digging and trenching. Digging is, of 
course, the simple act of turning over earth with 
a spade, but trenching is a term which the novice 
will ng^ to have eimlained to him. Perhaps the 
definition given by J. C. Loudon, one of the greatest 
authorities upon gardening, is the simplest : 
** Trenching is a mode of pulverising and 
mixing the soil, or of pulverising and chanmng 
its surface, to a greater depth than can be done 
by the spade alone.** This changing about of 
the soil in a garden is necessary for the pur- 
poses of aeratmg and sweetening it, as earth 
which is left too long undisturbed is apt to get 
foul and stagnant. 

The simplest form of trenching is what is known 
as two-spit, or bastard trenching. Let us call 
.two p^ts of the garden A and B. First the 
top spit and then the second spit of A are re- 
moved to a neutral spot, and same is done 
with B, keeping the respective spits separate. 
Then the top spit of B is placed where the second 






«]^t of A waSi and the second spit of B put on top 
of it» while the top i^it of A is pla^ at the bot- 
tom of plot B» and povered with the bottom spit 
A. In other words* the soil in the two plots A 
end B is taken up* turned upside-down* and made 
to change places [2]. For many gardens* especially 
suburban ones* wheie* as a rule* the soil is shallow 
and rests on a solid bed of clay, this form of trench- 
ing is sufficient, but where the soil is deep the 
operation of trenching is more complicated. Li 
these circumstances three plots 
have to be worked at once* 
and the “ changing over ” 

n ess carried to three spits 
h* so that in the end the 
soil from plot A would go to 



1. LEVELLING THE GROXTND 


C* from B to A and from C to B* but inverted* so 
that what was once the top spit of A would be the 
bottom spit of C* and so on. 

The Nature of the Soil. During the 
process of trenching, which may well be carried 
out while levelling is going on, much improve- 
ment can be effect^ ux>on bad soils. One remedy 
for a bad soil is to have the whole of it carted away 
to the depth of about 3 ft.* and replaced with 
good rich loam from a nursery. This is, no doubt, 
a splendid method to adopt where expense is no 
object* but it is impossible in the ordinary market 
or private garden. These* as a rule, have too much 
cli^ in them. 

The drawback to a heavy clay soil is that* 
being impermeable, it will not allow the rain 
to pass away, and* as a consequence* gets very 
sour. It is obvious* therefore* that anything whicn 
will tend to lighten or break up this heavy clay 
will be of advantage. This being the case* the 
autumn is the best time to commence the formation 
of a garden. The ground should be trenched as 
already described* and left as open as possible. 
Then* when the winter frosts come* the water which 
the clay contains will freeze, expand* and to some 
extent force the particles apart to admit air* and 
thus the soil will become somewhat more open 
and workable by the time the springtime arrives. 

Manure. In these early sta^ the only 
manure* if any* which should be appued is a layer 
of horse manure* with plenty of straw. This should 
be placed at the bottom of the trenches — that is* 
after the earth has been dug out* and before it is 
replaced. Though this does little to lighten the 
soil* it in ot eases its fertility to some extent. 

Before beginning digging operations it will pro- 
bably be found necessary to clear the ground of 
weeds and long grass. None of this refuse should 
be thrown away or wasted* but carefully stored 
and thoroughly burned* and the ashes dug into t^ 
f^und. This process should be repeated at 
intervals with anything in the shape of rubbish 
that is capable of TOing burned. It is well* howevw* 
to change the situation of the bonfire each time* 
as even the heat and the action of the flames on 
the earth are beneficial to a heavy soil. 


Boad sweepings* with the grit they cootain* 
to say nothing of the minute particlM of horse 
manure, are of great value under similar circum- 
stances, and although it is difficult to say whether 
it is legitimate to remove them from the side of the 
road before the . scavengers come along* it is an 
easy matter to negotiate for a load or two. 

It is not sufficient merely to deposit the ashes* 
grit* and other lightening materials upon the 
ground. They must be dug over weU and constantly 
until they and the soil are uioroughly well mixed up, 
as otherwise no beneficial results will be obtained. 

Improwing the Soil. By dint of patient 
and constant work it is thus quite possible to 
turn what was once regarded as a hopeless mass 
of clay into a fairly open* if somewhat heavy soil, 
while the presence of clay underneath at a depth 
of from 2 ft. to 3 ft* according to the distance 
trenched* is an advantage rather than otherwise* 
as it retains the moisture during the hot summer 
months, and so enables the roots of the plants 
to keep cool and prevents them being parched. 

Improving a soil which is too light or sandy is 
not such An easy matter as improving a heavy one. 
The process may* of course* be revereed, and some 
clay introduced to thicken the ground* but the 
mixture rarely proves to be a satisiaotory one. To 
make the best of a very light soil, it is necessary to 
trench it very deeply and openly before planting in 
the spring. This has two beneficial results. As 
the soil is thus rendered loose* the roots of plants 
can easily penetrate to a great depth in order to 
get at the moisture which is so necessary for their 
welfare ; while* on the other hand* this treatment 
allows the rays of the sun to penetrate the ground 
freely* and so draw the moisture towards the surface. 

When onoe the operation of trenching has been 
carried out, it is better to temporarily discard the 
spade for the garden fork in turning over the soil. 
Lumps of clay can be broken up more finely with 
a fork than with a spade* in addition to which the 
operation is not so fatiguing to the worker. 

Foreign Elements in the Soil. In the 
course of these digging and forking operations* many 
large stones are sure to be met with. These should 
all be removed and set aside* as they have a use in 
the garden. If it is not proposed to form a pool for 



Before trenching 


After trenching 
2. TWO-SPIT TBENCHINO 

the culture of water-plants* these stones should be 
buried very demly at the lowest point of the gatden* 
where they will form a sort of rough drain and 
render great service in helping to carry away 
suMrfiuous moisture £rom the garden. 

Oooasiilaially it happens in tne course of digging 
that what appears to Be a reddish-brown *'vem^* is 
stmoh. If this ocenrs* immediate action should be 
taken* as it indicates the piesenoe of iron in the soil 
Now* iron to a soil has a great tendency to render it 



tmprodaotite, no that prompt lareatment Isneoessaiy, 
and a dressi^ of lime should be dug into the affected 
part. Pie iron fe invariably in the soil in the form 
of an impure sulphate, and the lime combines with 
the sulpnurio acid in the iron sulphate, and 
forms sulphate of calcium, thus sweetening the soil 
and eliminating the dangerous compounds. 

Ma^esia, manganese, sulphur, phosphorus, soda, 
and culorae are all found in varying proportions in 
soils of different natures. Where they do not occur 
naturally, and are required for the welfare , of one 
plant or another, they must be supplied by artificial 
means, and this is the fundamental principle of 
chemical mani¥jing, of which more will be said. 

LAYING OUT THE GARDEN 

Before beginning to lay out a garden it is obviously 
necosspy to decide what sort of a garden is required. 
There is the garden for pleasure only, which is a flower 
garden pure and simple ; 
the garden for profit — as 
distinguished from a mar- 
ket garden — the owner of 
which has merely an eye 
to the abolition of green- 
grocers’ and fruiterers’ 

Bills ; and the general 
purpose garden, which is 
a combination of the two, 
and is the gardvi usually 
met with, as well as the 
most useful. 

The majority of very 
small town and suburban 
gardens are unsuited for 
the culture of fruit and 
vegetables, with the ex- 
ception of a few kinds, 
and must, perforce, be 
gardens for pleasure only ; 

But there is no spot, how- 
ever barren and smoko- 
ridden it may be, which 
will not lend itself to 
gardening of some sort. 

The roof of the old 
Southwark Police Courf, 
situated in one of the 
dirtiest and dingiest parts 
of London, was turned 
into a beautiful little 
garden by the gaoler at- 
tached to the place, who 
had as ma^ as twenty 
or thirty different sorts of plants growing there at 
one time. How to deal with very small gardens, 
however, cannot be considered in this article. 

The Aspect of the Garden. The very 
first thing that should be done with a piece of ground 
which has been levelled for gardening purposes is to 
determine its position with regard to the points of 
the compass. An ideal garden of moderate dimen- 
sions is oblong in shape, with the long sides facing 
north and south, while the house is at, and facing, the 
east end of the plot. In such a position the buuding 
{HXiteots the contents of the garacn to a considerable 
extent from the cutting east winds, while there is a 
good expanse of south wall for the cultiwe of fruit. 
Many a fruit-tree or half-hardy plant, which would 
die of exposure in any other situation, will thrive on 
a south wall, or in the border at its foot. Moreover, 
a south wall gets the benefit of the sun for the whole 
of the day, in summer and winter, and is its own pro- 
tection from north winds. The terms south, north. 
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and so on, when applied to walls in gardens, do 
not mean that they ore situated in that particular 
part of the ground, but that they have a southern 
or northern asp^t, as the case may be. 

The novice visiting a garden of any pretensions 
for the first time mquently wonders why it is 
situated at one side of the house instead of at the 
back. It is just this question of exposure to sun 
and winds from different quarters that has provided 
the reason, and the game rule holds as good for the 
12-ft. patch as for the nobleman’s broad acres. 
The worst position of all for a garden is one in which 
the house faces west or south-west, as the garden has 
practically no shelter from the icy blasts from east 
and north. In laying out such a garden, therefore, 
plants of the most h^y nature must be chosen. 

One of the first questions which will enter the 
would-be gardener’s mind, as he stands at a back 
window and contemplates the waste which he 
is to make fertile, is : 
“ How much of this ought 
I to devote to fruit and 
vegetables, and how much 
to flowers ? ” 

A grCvit deal depends 
upon local conditions. If 
the district is one well 
furnished with markets in 
which fruit and vegetables 
are procurable at reason- 
able rates, it is better to 
devote the bulk of the 
space to floriculture, re- 
serving a little for the 
choicer products of the 
kitchen garden. If, on 
the other hand, vegetable 
produce is dear, and, as is 
often the case in country 
districts, consists chiefly 
of inferior local varieties, 
it is wise to make the 
kitchen garden at least 
half of the total area. This 
remark applies to gardens 
from which it is hop^ 
to derive both pleasure 
and profit. 

The Kitchen Gar- 
den. Having decided 
what proportion of the 
ground to be laid out is to 
Be devoted to kitchen 
;arden purposes, the next 
divide it from the flower 


step is to mark it off and 
garden. Useful though they are, vegetables grown, 
as theji should be, in symmetrical rows, like 
regiments of soldiers, are not a particularly alluring 
prospect in a garden landscape, and it is usual to 
separate this portion of the garden from the 
ploasaunce by a hedge of some description— « a 
subject to be dealt with later. 

In the smaller gardens it is usual to find the 
kitchen garden consisting of a comer lopped off 
indiscriminately from whatever part of the ground 
hapmns to be situated at the farthest point from 
the house, irrespective of situation or aspect This 
is a mistake. The question of aspect is just ns 
important for the successful culture of fruit and 
ve^tables as of flowers, and, speaking as a general 
rule, with the orthodox oblong garden the vegetable 
portion will best re^y attention if it is formed of a 
strip running parallel with the flower garden for 
practically the whole length of the ground. It may 



be stopped within a few yards of the house or eased turf fcnnB a far more beautiful settinff fw a bed 
off Into nothingness, so as to give the broadest of flowers than a gravel path does. It is easier* 
expanse of bed or lawn near the house [8]. to keep turf in good order tnan jt is to be continually; 

if a very large garden is in course of preparation weeding gravel, and although it is urged as a draw- 
the kitchen garaen is, of course, a thing apart, and back that turf walks are unflt for walking uj^n 
is kept away from the flower goi^en altogether. In after rain has fallen, this is onlv the case where they 
these cases a position on a southern or western slope have been improperly drained. Moreover, should 
is usually ass^^ned to it if such be available, but the it be desired at any time to change the character 
laying out of j^aoes of such dimensions » not usually of a garden, this can be far more easily done in a 
entrusted to on ordinary head gardener. A turM place than in one where gravel walks, running 
snecialist, known as a landscape gardener, is invari- at different angles, have to be wen up and idtered. 
aoly called into requisition, and the lesident gardener MatUikf Beds and Borders. Mention has 

and staff work upon the lines which he lays been made of the words “bed** and “border.** 
down. A bed is a piece of ground in the garden, 

Improwing the Aspect* Though the prepared for cultivation, but which has no direct 
question of aspect is one of the utmost importance, protection from a wall, fence, or hedge. A border 
a good deal may be done to improve a bad situation, may be best described as the long] strip of earth 

Where a garden is swept by oast or north winds, a close up against a wall or other means of pro- 

screen of trees, such as poplars, will assist matters tection. For instance, the strips running round 

materially. Certainly, imless large-sized trees are the three walls of the ordinary suburban back 
obtained in the first place— and this is a somewhat garden would be called borders, while the circular 
costly business— they take some time before the plot in the centre, if there is one, would be a bed. 

benefit of their presence is felt ; but when once In making a b^, after having decided upon its 

established, the advantage they offer is permanent, shape, it is best either to peg the shape out upon 
It should always be borne in mind, however, that on the ground with sticks and string before com- 
no account should a screen of trees be placed close to mencins operations, or else plan it out in white- 
a house. In the first place, if the house has any wash, Tike marking a tennis crease. This will 
pretensions at all to architectural beauty, the prevent the possibility of a mistake. The simple 
presence of trees, or tall-growing shrubs, in its precaution in making a border is to stretch a 

immediate vicinity will sadly mar its dignity, while, string taut between two pe« from end to end to 

in addition, big trees close to the house should be ensure a correct edge, as nothing I66ks worse than 

strongly discountenanced from a hygienic point of an irregularly shapM border, unless the shape of the 

view. A house hemmed in by big trees is always wall or garden demands it. If the whole garden is 

damp, and they offer obstruction to light and air. a new one and the ground has been treatS on the 

The Garden Walks. The question of walks lines laid above, no other preparation is necessary, 
and paths and where to put them is one of para- but where it is proposed to cut anew bed or border 
mount importance in laying out a garden. At least out of an existing garden, the ground must be well 
90 per cent of gardens of all kin(& in this country worked as advised before planting, 
are wretchedly undersized little places, and yet tlm The Front Garden. What to do with the 
tendency is to reduce the available space in them front garden is a great source of perplexity to town 
by the infroduction of needless walks, leading no- gardeners, for it is only near the busy centres that 
where in particular, and serving no good purpose, toe front garden proper finds a place. Most of 
It is a goM plan when beginning operations to them solve the problem by planting laurels and 

draw a rough sketch of the ground, marking upon privets, a method which, if it has the merit of 

it the different spots at which the kitchen, rock, simplicity, is certainly not the best possible solution, 

water, and other gardens, if any, are to find a place. lliough many flowers might be arown in such 

Then, starting from the house, decide the simplest situations, particulars of which wul be given in 
and quickest routes by which the different parts can due course, there is always the danger of their 
be reached. Here a certain amount of discrimina- being stolen ; but a much wider range of trees and 
tion is necessary. There is no need for the paths to shroM is available for town use, imch have the 
radiate with geometrical accuracy like the spokes advantage, moreover, of not being so greedy or 
of a wheel from the back of the house. A graceful exhausting to the soil as the laurel and privet. Of 

curve, which perhaps the presence of a tree or a these, some are everareen, and include rhodo- 

rise in the mund will give a pretext for, is not only dendrons, yuccas, azamas, aucubas, hollies, and 

desirable, but to a small garden will give the euonymus ; while those that are deciduous (lose 

impression of increased size. At the same time their leaves in winter) comprise weigela, aflantus, 

it is absurd to have a lot of serpentine walks rotoneaster, philadelphus, mountain ash, sumach, 

wriggling about the place just for the purpose of elder, ash, plane, elm, and others of our native forest 
conveying the idea of great lengthy while bisecting trees. CollectionB of some of the different sorts 
and trisecting lawns with walks untU they look like a of ivies, too, will be found very useful in helping 
problem ingeometiyis an equally foolish proceeding, to beautify the town and suburban front gara^. 

Grass Walks. Unless a garden is of unusual Simpliolty should be the keynote of front garden- 
dimensions, three or four main gravel walks, at the ing, toe idea of putting a monkey puzzle 
most, will be all that will be required, and, for the opposite the front door and surrounding it at a 
rest, let the turf come right up to the beds or borders, respectful distance with standard rose-trees is 
so that what would under ordinary oircumstanoes dying out, even as the rhododendron is beginning 
be gravel paths are simply grass walks. There are to oust the laurel from pride of place as a necessary 
many advantages to this system. The rich green adjunct to such arrangements. 

Continued 






District Agencies. All merchants, both 
wholesale and retail, desire to oonlaol the sale of 
specialities and proprietary articles in the districte 
where they operate. Sole sale usually means easy 
sale if the article is in public deman<^ and as a 
monopoly exists, there is no scrambli^ for the 
business. It is exceedingly hard to secure the sole 
agency for an article with an established sale. The 
makers would usually be unwise in their own interests 
if they were to restrict their trading to one middle- 
man. The only way in which a district agency can 
be made profitable is by working up the sale in an 
unknown or little-known speciality. Hard pushing 
and judicious advertising may often dethrone an 
unremunerative but established proprietary article 
from popular favour, and there is then much profit 
for the house that has worked the substitute into 
popularity. The difficulty is to know what article 
can be pushed to success, and made to maintain 
success. There is on the part of proprietors of 
specialities a disinclination to grant sole agencies, 
and this is largely due to the fact that wholesalers 
seldom do such agencies justice. Knowing they have 
the field to themselves, they do not trouble to push 
sales energetically, and substitutes are sought and 
pushed by competing houses. 

Retail Shops Owned by Wholesalers. 
Many shops doing only a retail trade are, in fact, 
ownro by wholesale houses. Sometimes whole- 
salers, with more cash at command than they can 
profitably invest in their proper business, encourage 
the establishment of the retail shops, which become 
“ tied ” houses. The name on the fascia gives no clue 
to the identity of the actual owners. Sometimes, 
again, the wholesalers have the honoiu thrust 
upon them. One of their retail customers may 
broome in their debt, and be unable to redeem 
himself. To save themselves, they take over the 
business and hold it permanently, or only so long 
as they must. They may decide to sell it or to place 
in it a man whom they believe capable of making it 
pay, with or without the option of buying out their 
proprietary interest. Such cases are often the 
opportunity of the good man without much capital 
but with ability ana application. The advantage of 
retail shops owned by wholesalers is that they form 
a certain outlet for wholesale trading. Even if the 
retail shop, as such, should show no profit beyond 
bare expenses, the wholesale profits on the goods 
supplied to it may make it worth holding, ana may 
make retail shops a wise business policy on the part 
of wholesalers. To cultivate such a trade requires 
a good deal of capital, and it should never be carried 
on with borrowed capital. The general management 
of such shops is similar to those of multiple or branch 
shops, which they really are, and these have 
already been discussed on page 5929. 

Maintained Prices. Several business 
problems of recent development confront the 
wholesale merchant as well as the retailer. One 
of these is the question of maintained prices. 
Combination among retailers has caused many 
manufacturers to give adhesion to a scheme whereby 
selling prices may not be below a certain minimum, 
which is fixed so as to yield a reasonable profit 
to those handling the goods. Price maintenance 
affects the retailer more than the wholesaler 
because not all articles regarding which retailmg 
restrictions prevail are price-maintained between 
wholesaler and retafler. But the wholesaler must 
understand clearly his liability in the matter. 
Where the manufacturer sells goods upon the o<m- 
dition that the wholesaler may sell them not below 
a certain minimum — and even when notification 


of this condition of sale is made only upon tibe invoice 
for the goods — the wholesaler is bound by such a 
condition if he accepts delivery of the goods, and 
liable to injunction and damages in the event of 
breach of the condition. 

Trade Marks. In many trades, trade marks 
mav be made important commercial assets. To 
make a trade mark valuable is to be able to secure 
for the article carrying it a greater profit than would 
otherwise accrue. Tr^e marks are not the peculiar 
property of manufacturers. Any middleman can, 
and many middlemen do, own valuable trade marks, 
which make them to some extent independent of 
specific manufacturers. If a wholesale merchant 
establish trade in an article oanTing a trade mark 
which is his property, and if he be dissatisfied with 
the manufacturer who has been making the article 
for him, he can change his manufacturer, continuing 
to use the trade mark as before. If the trade mark 
were not his property, and if he had occasion to 
give up one manufacturer, he would require to take 
up something with a different trade mark — ^practi- 
cally to intr^uce a new article to his customers — 
and any competing house could then make profit 
by taking up the manufacturer and the trade 
mark which he had discarded. 

It is usual to apply for registration of a trade 
mark through an agent — commonly a patent a^nt 
— familiar with procedure. The agent's fee, including 
official stamps, is usually about £3. The official 
stamps come to half the sum named — to wit, 30s., 
being lOs. upon the application form, and 20s. upon 
registration. There are other fees payable only 
in certain cases — such as opposition to registra- 
tion by another party. The necessary forms for 
making application for trade-mark registration may 
be had at any money order office in the United 
Kingdom. A pamphlet, ** Instructions to Persons 
Who Wish to Register Trade Marks," may be had 
free on ^plication to the Comptroller, The Patent 
Office, Trade Marks Branch, 25, Southampton 
Buildings, Chancery Lane, London, W.C. 

Packing and Packages. In these days 
other oonsiderationB besides price and quality decide 
the placing of an order. One of the most important 
of the other points is the method of packing and the 
treatment oi packages. Why do many people in 
this, as in other countries, prefer to sell Continental 
cups, saucers, and tumblers, for instance ? Because 
the English articles are sent loose in boxes, casks, 
or crates, while the foreign articles are neatly 
wrapped in packages each containing half a dozen 
of one article, and because the packages can be 
neatly stowed on shelves, whereas the loose English 
style demands storing in tins or baskets. Again, 
why are American files and other tools sold as they 
are in this and other countries, where formerly 
the British article were the only kind found T 
Simply on account of American mewods of packing. 
Instances might be multiplied, but these are enougL 
Whatever be the variety of merchandise under con- 
sideration the seller who can provide the buyer 
with the goods in a form to give him less trouble 
than is caused by oompetii^ goods offers a sub- 
stantial inducement that is never lightly disre- 
garded. 

And so with package Many makers and 
merchants charm exhorbitan^rices for packages 
so as to ensure tneir return. Wuw men Imve, whm 
possible, introduced the system of free packages, 
charging the expense of these against the general 
worlung expenses. We have never known a firm 
vdio adopted this system return to the old-fashioned 
method, which is surely the bast evidence of its 
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IirvoioM mmd Aoeounts. The conditioat 
of |>ayment should always be made clear upon all 
contracts of sale mvoioes and accounts. To leare 
the point uncertain is to leave the door opmi for 
disputes, upon which the lawyers grow fat. It has 
beea held m law that ihe statement ** five per cent, 
charged upon overdue accounts ** gives the credits 
the ri^t to enforce such interest. It has the ten- 
dency to make debtors pay accounts when due so as 
to avoid the threatenM penalty or the risk of its 
enforcement It is usually wise on the part of the 
creditor not to insist upon such interest except in 
extreme oases, but to refrain from claiming it is an 
act of forbearance on his part dictated by con- 
siderationB of policy in his desire not to alienate 
good though slow customers. When commercial 
travellers are not authorised to collect accounts a 


upon all invoices and account forms. Onleas it can 
be proved that the debtor has had notice that 
accounts may not be paid to travellers, the credits 
cannot fall back upon the debtor in the event of mis- 
appropriation by the traveller ; but if due notice 
has b^n given to the debtor, he pays money to the 
traveller at his own p»il and assumes responsibility 
for such money reaching the hands of the creditor. 

AdwertiaiiiiE lor WholoMlero, Adver- 
tising by wholesalers must be on entirely different 
lines from retail advertising. The retail trade is 
exceeding jealous of any appearance of direct trading, 
and a wWesaler who advertises to the consumer 
lays himself open to the charge that he is seeking 
dkeot trader even though he seeks publicity for 
proprietary goods which he intends to distdbute 
through the retail trade only. Thus his advertising 
desires must be restricted to certain defined channels. 
The trade papers appealing to the retailers whom 
be seeks as customers are tlm most obvious agencies 
of publicity he can cultivate, but they have this 
objection — ^that if the wholesaler’s iiela of trading 
is limited to one section of the ooimtry, the larger 
proportion of the money spent in them must fall 
on barren ground, as they have a very wide 
ckoulation. These considerations restrict the 
wholesaler’s advertising to circulars and catalogues. 
His office should contain a card index uith the 
names of all actual and potential buyere in his 
district, and he should circularise them periodically 
and persistently. He should especially draw thek 
attention to tw novelties and seasonable goods 
which he wishes to sell Every circular shoiud be 
illustrated, where possible, and retailing prices 
should be given, so that the retailer may show 
them to his customers if he wish. Catalogues 
should be issued periodically. These also should 
showretail prices, for the reason already given. The 
catalogues should be comprehensive, of convenient 
sise, sM well illustrated on good p^r* Large- 
jmpisr sheets should be avoided. They usually 
demat thek object, as the inconvenience of con- 
sidting them causes them to be rejected for cata- 
logues in book form. The catalogue should be 
expansive if novelties are of frequent introduetkm, 
so that supplementary sections or leaves may be sMit 
AH oataJogues issuM by one boi»e should be 
of the same sise. It is objeotkmal^ from tlm user’s 
point of view, when divemty of site and fenm are 
evkkfieed in several oatalogues kaued by one house. 
Anything that ccmdnces to lessen the labour of the 

m 0 at ; ' 


retailer is a]^preciated, and the whidesaler can do A 
good deal in that dkection. the form of his catV^ 
logues and price lists being one. 

In many trades periodical lists— «ay, weekl|f 

or mcnithly — are advisable. Trades in wmeh prloSi 
fluctuate a good deal — such as the provision and 
bruit trades — and where the nature of the sales 
changes with the season, are well cultivated by 
means of these. The objection urged against such 
price lists is usually that they merely afford a stand** 
ard below which opposing Arms cut prices. There, 
is something in the objection, and in some trades 
the weekly or monthly price is not looked upon 
as giving the final price. Even those whose names 
appear on them do not adhere to the prioea. This 
hM come to be a reoo^sed practice, so that while 
the value of the price mt may be thereby decreaaed, 
it is not abolisheci The periMical list forms a guide 
to the retailer. He recognises that he can buy at 
not more than the figures it gives, and in sending, an 
order by post he is more likely to favour the mm 
whose name is on the price list before him than any 
other house. 


The Commercffel Traweller. When 
there is little chance that a young man wili ever 
command the necessary capital to set up business 
for himself in the department of shopkeeping in 
which he has been trained, perhaps the best csreer 
he can seek is that of a commercial traveller. The 
life is interesting and pleasant. The moving about 
from place to mace lends variety to the everyday 
work which is lacking in ordinary routine countw 
or office duties. 

Commmial travellers should begin young, as 
the only school that turns out goM commercial 
travellers is experience of the imd. Commercial 
travellm usually graduate by promotion from the 
warehouse or dew in the manufacturing or whole- 
sale establishment where they have been em- 
ployed. Perhaps the best commercial travellers 
are those who have been schooled behind the retail 
counter. The experience gained there enables them 
to understand better or more quickly the retailers 
upon whom it is thek business to call. The youth 
who in a small retail or mixed business is sent on 
the road to take a few ** journeys ” k launched on a 
career to which be will probably adhere throughout 
his active life. Even if he should elect to be an 
employer one day, he will probably be in a better 
position to do so than he would be if he had been 
behind a counter during the years he has spent on the 
road. He has more opportunity to save money 
as a commercial traveller than he would have 
as a shop assistant. Also the knowledge he oan 
gain on the markets is greater than would be 
possible even as a buyer. He learns who are his 
oompetitcffs, gets to know what houses can do 
certain dum of goods better than his own, end 
becomes acquainted with the best terms obtainable 
—all of which knowledge stands him in excellent 
stead if he i^ould at any time retire from the road 
and put up his sign. 

Promotion to a Partnorahip. Partner- 
ships are more often secured by travellers than by 
indoor aasistants. The traveler possesses in himseff 
a goodwill which makes him. a deskafale parkier 
bemuse the personal relatkms whkdi have been, 
established betwm the good commercial traveler 
and the members of the trade upon whmn he had 
been wont to call enable him to take to any oom- 
peting kaow to 

been in tto habit of dtog. It is for this reaaoa 
tint in the majarity of the advertkements invitkig 
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lor tlM post of oomttmiil trMMllor 
is mode thatosndklftles ** miortbovo 
L oonmeotion,** a state ol tfafagp sdiieli demon- 
tike stren^ of tiw eommefoisl traveller's 
0 in the ranks of the merosntfle army. 
Qtsmliflcntloiio for Commorciol 
Trorotlom. The first essential for the oom- 
mereisl traveller is a thoron^ knovdedge of the 
floods he sdls. The statement Is not superfinons. 
Maqy men sent on the road— and perhans this 
applies more to the sons of pn^ipab— nave a 
somewhat distant acquaintance with the articles 
whose merits they are sent forth to laud. It is 
frequentiy stated that the phenomenal sueoess of 
many American travelers is dne not to mere posh 
or ^bounce," but to intimate knowledge of the 
merehandise they offer. There is a good deal of 
truth in this suppoaition. We know of one large 
Amerioan firm woo adopt a unique system of 
keeping their travelers up to date in Imowledge 
of then trade. Over one hundred traveUers are 


employed, and the busmesB k a very large <me, 
divided into many departments, yet the com- 
mercial traveUers are noted for weir wide ao- 
qnamtanoe with all the nnmerous departments. 
Onoe a year the buyers spend a fortaj^t at tile 
head office. They assembw for a flood mmiy hours 
daily and listen to lectures by the buyers of the 
different departments upon changes in the trade, 
novelties introduced, ana other matters pertaininff 
to their work on tile road. Questions are asked, and 
samides handled, and the army of men goes forth 
equipped for another oampaim upon the road. 

The calling of a commerciu traveller would be an 
excellent training for a diplomat The traveUer 
must be difdomatic to a de^ee, a walking embodi- 
ment of mbanity and persistenoe. He must be 
alert to take advantage ctf any opening to secure the 
interest of the prospec^ve buyer, diplomatic in brinf[- 
ing him to the point of purchasing, and prompt m 
securing a firm order idien assent hM been obtained. 
No class of men are so subject to being snubbed, 
especially wbm their calls have to be made upon 
retailers, for these are often given to considermg the 
traveller a nuisance, and many of them are not slow 
in ezpreasii^ their opinioos to the ohiects of them. 
The excessive number of commercial men on the 
road means that the individoal retailer cannot do 
business with more than a fraction of them, and 
this ^ives the bom diplomat his ohance of gaming 
a point of vantw. A good presence is necessary 
to tile commercii^ a pleasant manner, and courtesy 
in spite of all rebuffs. 

Salaries* Hie salaries of commercial travellers 
are as varied as the goo^ they seU, and nothing of 
much value to the individoal case can be stated 
about their eammgs. Young mm claiming the 
d^ity of commercial travellm to a small provincial 
estaUkhment may earn not more than 20s. a week, 
whereas the important representative of a good 
house may earn many hundreds a year, and may 
possibly write hk income in lour figasres. The 
avmge commeroisl traveller lies well between 
these two extremes. Ihose who earn less than £100 
a year are in the lower ranks of the army of the 
r<^ and if they have ability should have not much 
difficulty in reaching and passing that modest 
figure, while those who earn over £400 a year are 
among the fortunate few, and the average mu ean 
seldom reach so high. 

The extent to which the commercial traveller 
Cham personal expenses ought to be clearly 
dinned. When the ground coveted enables him to 
retnm home every evening, it k, of course, a matter 


of ohirghig only hk meeli, teak htm, 
mtitiiods m eonveyanee, Nv m then ne oad^ ^ 
have a fixed allowance per day-— sayv half a crown 
pins Isres. If he iqieiia mcee^ that k hk personal 
oonom,*aad if he^pendlemhelhouklbeallbwedto 
pookcttiiedlffecenoe. Snehanazrsagenientohviatei 
any inquiry into the dkhmwemeat of stray half- 
penoe— an inquiry wfakk k often oonsideied by the 
commercial traveoer to inehinate suspi eion xeaaid- 
ing hk integrity and k, in any case, not in acooroittkoe 
with the denied confidence with which he should 
be regarded by hk principals. When the traveUer 
k away on his journeys for days, weeks, or even 
months at a tia^ the same lyteem ou^t to be 
follo w ed a daily aUowance for personal expenses 
pins raflway faxes, or a larger alTowanoe including 
railway fares. T^ scale of such an allowance 
must be decided by the nature of the work, by the 
neoeasity of oanying samples, of hiring canveyances 
for these aamplee, and of the need m stook-rooms 
at hotels. Wtien many oases of samples have to be 
taken a freouent aUowaaoe k 20s. per day phis or 
including rsuway fares. One mat advanta^ of a 
fixed allowance for a oommeroml traveUer k that it 
dkoourages him to treat hk customers, whereas a 
wider dimretion may encourage him in thk practice, 
which, on both the traveller's own account and on 
that <k hk firm, k by all means to be discouraged. 

Worklikf on Snlary and CommiiMloa* 

We have considered merriy the salaried oommer- 
oial traveler. There k the commercial traveller, also, 
who works upon a commission bask. Sometimes 
the traveUer may receive a salary j^us commksioii, 
in which event the salary k, of course, smaUer 
than it would be in the other event. Thk k an 
excellent arrangement for both parties provided 
the roles which are to decide the oommksian are 
clearly defined. The man has hk salary for work 
done and hk commission for the results of that work. 
He has a personal incentive to hard work, much 
stronger than he would have upon a salary bask only. 
But in such a case it should be clearly stipnlatM 
upon uhat busineos he k to receive commission. 
Smetimes the arrangement k that only orders 
actually booked by the traveUer count as business 
done by him, aim that ordm sent dkeot from 
customers upon whom he calls are tipatod as if 
they had not been taken by him. Such an arraage- 
ment k scarcely fair to the knight of the road. It 
may cause him to utm hk customers unduly when 
ealuig upon timm — mthoiu^ some men will plead 
that traveUers cannot do thk— <ir he may have hk 
customers address orders to him instead of to hk 
employers, rriien delays may be caused by hk 
absence. 


The only truly satklsctory method k to treat 
a traveUer^i ground as hk, sm to credit him with 
every order coming from it whether he has taken it 
personally or it has been eent direct to hk princhMlt. 
It may be wril to stipulate that business from 
customers upon whom he has never oalled should be 
excluded from the scope of thk arraagement, as they 
oaimot be said to hm been dkeotiy mfiiieikoed w 
him. Sometimes arrangements between principalis 
and travellers whom oommksion affects stipiuate 
that only a proportion of the commission— say 
half— k paid upon orders not booked m 
latter pereonally, and in many oases snob a oen- 
dition k lair. Sometimes travellers oany si^ 
Ubm^ and the tradetand daily Ptesi eontain pwnty of 
ofreia of aide lines to traveUere oovmkif certain 
gtennd. H there be q apeoiflo os a teeit agrcsmteit 
fliat the aervioea of tiie traveller ere eino ine ife l y 
one firm, H k dlehonest on hk pert to 



of^naiMA mud, la ermt 0 t 
diipSwmjr, he |» joroperly dieeliimd, Whm a 
aide law li oarrM ogr the oonaent df hit prineipals, 
th^ of eourae^ is another aiatier. 

woriUwg on Commlasloii Alone. 
IsMliy, ano ooni^der the traveller who sells goods 
opOQ oommlssioa alone. His is oftoi a hard fate. 
He nsaelly carries a good many agencies, and Men 
he has the ear of a eustomer, 3 tM goods of one be 
not reonired, those of another may be. But there 
is usually a bitter ^ht for a connection before the 
oonuniwlon man is able to consider himself in 
receipt of a livelihood. Agencies on commission 
go bming. The makers who offer them will not 
pay mr me work put into opening new ground, 
and the rule of **no result no pay’* causes the 
travelling commission agent to put in many hard 
days* work without reinud. Embittered by die- 
coura^^eht he frequently throws up the sponge, 
and ag^in the agency on commission only goes 
a-beg^nf[. Young men who think of ^opting 
oommissKm agency as a career we advise to be 
quite sure of a connection first. The only way 
oi success without much bitter waiting and un- 
remunerative hard work is to hold a salaried position 
for some time, thei^ knowing the ground and having 
a personal oonneotioa, to enter the commissicm field. 

•* Standlfil Treat.” The highways of 
commercial travelling are strewn with the wrecks 
of men of ambition, ability, and promise who have 
succumbed to the temptations of the road. The 
rook upon which most careers have split has 
been that of drink. The virtue of hospitality is 
frequently exercised by the commercial traveller 
. in the ordinaxy course of his business, and too 
often it has led to excessive tippling. This is not 
the place to preach total abstinence, but if any class 
of men have reason to protect themselves against 
the dangers of alcohol, it is that of commercial 
tovellers. The young commercial who begins bv 
the determination to refuse to* do business which 
depends upon ** treating,” and who remains staunch 
in that determinatkm, fortifies himself against the 
danger that has betrayed thousands of his fellows. 
This path once enterra is not difficult to follow, 
but the opposite path once followed a little way can 
be left only with extreme difficulty. The former 
path also is the more remunerative. It gives 
evidence of a principle which commands the respect 
even of those who do not approve it. Fortunately, 
there is less occasion than formerly for urgii^ the 
need of care in this respect, for the practice of 
” standing treat ” is not nearly so generm as it used 
to be. 

BrilMiry . Commercial traveHers know, perhaps 
better than any other class of the commercial com- 
munity, the extent to which ” greasing the palm ” 
is practised in the strumle for business. Those who 
seek to fill their order Imks b;^ bribeiy are, we be- 
lieve, in the minority, but the minority is a large one. 
Even those Mo follow the practice are its slaves, not 
its advocates. The mmral sense of most of them 
revolts against it, and thev loathe a practice which 
degrades them as much as it degrades the recipients. 
The ironmonger’s porter who tMes stock of the hol- 
low-ware that the gaps may be filled op may expect 
his shilUng; the engineer in charge oi a manufactur- 
ing plant may be restrained from complaining of 
the belting and Inbrioating oil when the traveller 
.leaves half a crown bdbihd iMm at every visit ; and 
the buy« ni^ even look for a commission upon his 
purchases. In evenr case the aeoeptanoe of bribes 
of this natnre Is a betrayal of trusty and from our 
sondemnatioa we do ti/ot exdude die ease of the 


oases of whidey as the dwistmas^torid ^ws 
ne». There is an accepted opinion that the 
acceptance of presents in kind is not degradfiig^ but 
this opinion is a very wrong one. The object of (he 
giver; whether the bribe be money or mon^s 
woHh, is the same, and no servant with a hSta 
sense of independe^ and a true feeling of self- 
reepeot will accept any gift from any indmdual or 
firm to whom he is in a position to give orders or 
for whom he can influence orders from ms employers. 

Frewesitlon of Corra^on Act. The 
law has now strengthened the hands of those 
who are fighting agfunst commercial bribwy. The 
Prevention of Corruption Act (1906) came into force 
on January let of this year (1907). It is specially 
directed against bribes given in the course of 
business. It has not vet itad the inward meaning 
of its several clauses elucidated by counsel in open 
court, so that there is some uncertainty whether 
it will be comprehensive and prevent afl forms of 
commercial bribery. Its exact scope and limita- 
tions will be known only after specific oases have 
been tried under its provisions, but we may briefly 
xpoapitulate its chief sections, which are as follows : 

1. If any agent corruptly accepts or obtains, or 
agrees to accept or attempts to obtain, from any 
person, for himself or for any other person, any gift or 
consideration as an inducement or reward for doing 
or forbearing to do, or for having, after the passing of 
this Act, done, or forborne to do, any act in relation 
to his principal’s affairs or business, or for showing or 
forbearing to show, favour or disfavour to any person 
in relation to his principal’s affairs or business ; or 

If any person oorruptlv gives, or agrees to give, 
or offers any gift or consideration to any agent as an 
inducement or reward for doing or forbeanng to do, 
or for having, after the oaSsing of this Act, done or 


show, favour or disfavour to any person in relation 
to his principal’s edfairs or business ; or 

If any person knowingly gives to any agent, or if 
any agent knowingly uses, with intent to deceive lus 
principal, any receipt, account or other document in 
respect of which the prinoijMl is interested, and which' 
contains any statement which is fal|e or erroneous or 
defective in any material particular, and which, to hi* 
knowledge, is intended to mislead the principal ; 

He shall be guilty of misdemeanour, and shall be 
liable, on conviction or indictment, to imprisonment,, 
with or without hard labour, for a term not exoeedingi 
two years, or to a fine not exceeding five hundred' 
pounds, or to both such imprisonment and such fine, 
or bn summary conviction to imprisonment, with or 
without hard labour, for a term not exceeding four 
months, or to a fine not exceeding fifty pounds, or to* 
both such imprisonment and such fine. 

2. For the purpose of this Act, the expression; 

*' consideration ” moludee valuable consideration of 
any kind ; the expression ** agent ” includes any 
person employed by or acting for another ; and the 
expreMion ” principal ” inolimee an employer. 

3. A person serving under the Crown, or under any 
corporation, or any municipal, borough, county, hr 
district council, or any 'boara of guardians, ia an agent* 
within tbs meaning of this Act. 

A traveller is always unwise who runs down (be 
goods offered by a competing house. Let him 
praise his own wi&out the undue use of superiathm^ 
but let him beware of his speech When speakkiff of , 
other firms and the merchandise (bey offer. Few 
men can criticiBe their competitors and tbeir com* 
petitors’ wares without widaying the persotial 
Wike which ia usually associated with riviby. 

ibr We can- 

not leave the subject of ocnomercial kaveiem 
wtthout mentkming the greater saving oi thee 

ml 



which many of them will be able to effect by 
the uae of motor cars. For city work the motor 
shows to little advantage. For men who take with 
them a wide range of samples, it is undoubtedly 
igood, as one call may be made after another with 
ffreater speed, and more work may therefore be 
done in a day by its use. Also the chauffeur is 
more available for assisting the traveller with 
samples and cases, because the motor-car may stand 
by tne kerb without the attention required when a 
horse is between the shafts. But the most impor- 
tant sphere for the commercial traveller’s motor-car 
is in country districts with infrequent train service. 
We are convinced that the commercial community 
do not yet realise what the motor-car may mean for 
them in this respect, and believe that there is a 
rich harvest for firms who adopt it os a conveyance 
for commercial travellers. There are many districts 
where there are many villages in greater or less 
proximity. In the aggregate these villages are 
equal to a large town, mit it does not pay to work 
them imder existing conditions. The train service 
between them is probably poor, and they would take 
two days to do properly. The motor-car may make 
it possible to do the group easily in one day. 
Shopkeepers in villages arc often denied the privilege 
of buying from sarnies, and instead of the numerous 
sample-cases open^ out before town buyers, a 
small hand-bag and a bulky catalogue serves for 
the village shopkeeper. Tlie motor may be made 
a travelling sample-room, and the journey will cost 
less than it formerly did without samples. 

Ckunmercial Careers in the Colonies. 
This is a fitting place for a word to those who 
think about tempting fortune by embarking upon 
a commercial career in one of the Colonies or in a 
foreign country. Opportunity in a rapidly expand- 
ing country with a wide futiure before it is much 
more frequent, and the prospect of success much 
greater, than in this overcrowded competition- 
ridden homeland. At the moment, Canada and the 
Argentine Republic are the most promising oversea 
fields for commercial enterprise. The growth of 
both our great North American colony and of the 
South American republic is phenomenal, and is 
seldom appreciated by those who have no intimate 
knowledge gained by personal experience of the 
countries. Our other great colonies — South Africa, 
Australia, New Zealand, and the Indian Colonies — 
offer opportunities also, but the first named is at 
present under an eclipse of depression, the second 
is in the throes of evolution which do not encourage 
commercial ventures, and progress in New Zealand 
and India is of the slow order that is also in evidence 
in our own country. But Canada and the Argentine 
are undoubtedly the theatres where the agencies 
that bring success are to-day influencing events 
more than in any other parts of either hemisphere. 

New countries are essentially the countries for 
young men. There is not the weaiy waiting for 
dead men's shoes ; the stress of competition is not 
so keen as in the old land ; and when opportunity 
comes, its hands are heavier with material gifts. 
Further, the fact that so many indifferent men — 
often wasters and incompetents — seek these far 
countries in search of riches or livelihood which they 
have been unable to find at home magnifies the 
chances of success to the really competent, energetic 
man who matches himself against them. The cry 
of the commercial employers in the Colonies is, 

“ Send us good men. We are sick of your incom- 
petents.” 


No one should set up business in the Colonies or 
in a foreign country without having had business 
experience in the country. He must find employ- 
ment, gain experience, and then wait a favour- 
able chance. 

Cautionn for Intonding Emigranto. 

Sometimes positions abroad may be obtained 
before leaving home. More often they are obtain- 
able only by the man on the spot, and he who would 
have them must go to the spot. When men are 
engaged in this country for such situations they 
are often required to enter into an agreement for a 
term of years — ^usually three->-and have their 
passage paid. This practice is less common than 
it was, but it still prevails. It is not a good one. 
The new man usually finds that, although he has 
taken a seemingly lucrative position, viewed from 
the British wage standard, the remuneration which 
he has agreed to accept is less than that ruling in 
the market whither he has gone. He is tied up 
for the term of engagement, and cannot therefore 
improve his position should opportunity offer. He 
is also assisting to spoil the market in his new home. 
The two-pounds-a-week shop assistant in England 
is worth £25 a month in Johannesburg, and about 
as much in Winnipeg. And he need not think that 
he will be able to save the difference. The higher 
price of necessaries and luxuries makes that 
irapo^ible. 

It is always better for the shopman emigrant, if 
he is a good man, to pay his own fare and begin 
employment upon the understanding that he can 
leave at reasonable notice. If he is a man of 
inferior quality, he will be wise, however, to engage 
himself for a term of years if he can, otherwise he 
would find himself a member of the army of the 
unemployed, for Colonial business men do not keep 
poor servants long if there is a chance to replace 
them. 

The Commercial Traveller Abrcmd. 

For the commercial traveller going abroad there 
are several things to be noted before going, or 
learned by bitter experience upon the field. 
Expenses are very much higher abroad than they 
are in England. In many colonial and foreign 
countries travellers must pay an annual tax, which 
is sometimes as high as £25 a year. The intending 
traveller must find out if he wul have such a burden 
on him. Then the districts are usually thinlv 
populated, and railway travelling is expensive, witri 
Dusiness centres often far apart, so that the expense 
of a journey has no parallel to the cost of a com- 
mercial trip at home. In South Africa, for instance, 
few travellers representing home firms spend less 
than £600 a vear in personal travelling and hotel 
expenses, making no count of salary. With this 
caution, commercial travellers intending to visit 
foreign countries may consider well the terms of 
employment offered them before they undertake 
a mission. 

In countries where a foreign language is spoken, 
the traveller or the shop assistant ought to know 
that languaue. If he be ignorant of it, he need not 
go out on tne chance of finding a position. Em- 
ployers would not listen to him. If he go out to a 
position already secure, he will be of little use untfl 
he has obtained acquaintance with the vernacular, 
so that he will make himself proficient with all the 
speed possible. For instance, in the Argentine 
Kepublic, to which we have referred, Spanish is 
the language required, and no one need go there 
without a knowledge of that language. 
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The Publio Health Act (1875) provides no genera] 

K for a local authority to make a bylaw regu- 
the height of habitable rooms, but such a 
bylaw can be made by any local authority under 
Sea. 23 of the Public Health Acts Amendment Act, 
1890 (an Adoptive Act). Recognising the sanitarv 
value of such a bylaw, the following clauses, which 
havo received their sanction, are given in extenso : 

Every person who shall erect a new building, and shall 
construct any room therein so that it may be used for 
human habitation, shall comply with the following re* 
guirementa : 

If such room is not intended to be used as a sleeping 
room, he shall construct such room so that it shall be 
not less in any part thereof than eight feet in height. 

If sudi room is intended to be used as a sleeping room, 
and is not an attic or a room wholly or partly in the roof 
of such building, he shall construct such room so that it shall 
be not less in any part than eight feet in height. 

If such room is intended to be used as a sleeping room, 
and is an attic or a room wholly or partly in the roof of 
such building, he shall construct such room so that it shall 
be not less than eight feet in height on the average over the 
whole area of the room, and so that no part of such room 
shall be less than five feet in height. 

f^laws with respect to roofs and the structure 
of floors can also to made under the 1890 Act. 
New buddings in the metropolis are governed by 
the provisions contained in the London Building 
Act, 1894. 

Building Line. As regards the question of 
building line, apart from the consideration either 
of street widening or air space, the only powers of 
urban authorities are those conferred by the following 
section of the Public Health (Buildings in Streets) 
Act, 1888. Without the written consent of the 
urban authority, no building (or part thereof) shall 
be erected or brought forward in any street, or any 
addition made thereto beyond the front main waU 
of the building on either side thereof in the same 
street. In considering what constitutes the front 
main wall of a house or building, all the circum- 
stances of the case must be taken into considera- 
tion. The building must be looked at as a whole ; 
its character, its position, its distance from the 
building which is b^ing erected or brought forward 
on alleged contravention of the Act must be care- 
fully considered. In the metropolis, the super- 
intending architect of the County Council has power 
under the London Building Act (1894) to define the 
general line of buildings in a street. 

Supervision of New Buildings by 
Local Authorities. Among the multifarious 
questions with which surveyors to local authorities 
have from time to time to deal in the course of their 
various duties not the least difficult are those con- 
nected with bylaws and that of exercising control 
over any new buildings that may be erected within 
the limit of their juriraiction. This duty is in most 
towns largely determined by provisions contained 
in the Public Health Act (1875). To secure all the 
clauses gf the bylaws being carried out, adequate 
inspection of buildings in course of erection is ne^ed, 
and unless a staff of building inspectors is kept 
by a local authority, it is impossible to expect a 
town surveyor with his multitude of other duties 
to see that the bylaws are enforced. A question 
which naturally arises in the mind of the political 
economist is How far is the local authority justi- 
fied in controlling the individual action of a 
builder ? ” This has been answered in such a 
variety of ways as to bewilder the highest authority 
on the subject. 


The following is a schedule of the thicknesses of 
external and party walls of domestic buildings as 
sanctioned by the Local Government Board: . 


Thickness of walls (domestic buildings). 

** Domestic building ** means a dwelling ^use or an 
office building, or other outbuilding appunenant to a 
dwelling house, whether attached thereto or not, or a shop, 
or any other building not being a public building, or of the 
warehouse class : 


Height not 
exceeding 


Kt. 

25 


25 to 30 
80 to 40 


40 to 50 


50 to 60 


00 to 70 


70 to 80 


80 to 90 


90 to 100 


ti 


Length. 

Not exceeding 80 ft, 
and not compris- 
ing more than two 
storeys 

Exceeding 80 ft or 
comprising more 
than two storeys 
Any length 

Not exceeding 35 ft. 

Exceeding 35 ft. 

Not exceeding 30 ft. 

Not exceeding 45 ft. 
Exceeding 45 ft. 

Not exceeding 45 ft. 
Exceeding 45 ft. 

Not exceeding 45 ft. 

Exceeding 45 ft 

Not exceeding 45 ft. 
Exceeding 45 ft. 

Not exceeding 45 ft. 

Exceeding 45 ft 

Not exceeding 45 ft. 

Exceeding 45 ft 


TbiokiiCM o( wnlln. 


9 in from base to top 
of w'all 


181 In- below top- 
most storey 
9 in. remainder 
131 in. below top- 
most storey 
9 in. remainder 
13| in. below top- 
most storey 
9 in. remainder 
18 in. lowest storey 
IHI in. rest of wall 
below topmost 
storey 

9 in. remainder 
18 in. lowest storey 
13^ in. below top- 
most storey 
9 in. remainder 
18 in. two lowest 
storeys 

131 in. remainder 
22 in. lowest storey 
18 in. next storey 
131 in. remainder 
18 in. two lowest 
storeys 

131 in- remainder 
22 in. lowest storey 
18 in. next two 
storeys 

131 in- remainder 
22 in. lowest storey 
18 in. next two 
storeys 

131 in. remainder 
41 in. extra on thick- 
uesses specified 
to all below the 
uppermost two 
storeys. Subject 
to the provisions 
respecting distri- 
bution in piers 
22 in. lowest storey 
18 in. next three 
storeys 

131 in remainder 
41 in. extra on thick- 
nesses specified 
to all below the 
uppermost two 
storeys 

26 in. fewest storey 
22 in. next storey 
18 in. next three 
storeys 

13i in. remainder 
4i in. extra on thick- 
nesses specified 
to all below the 
uppermost two 
storeys 

26 in. lowest storey 
22 In. next two 
storeys 

18 in. next three 
storeys 

13| in. remainder 
4^ in. extra on thick- 
n esses specified 
to all below the 
uppermost two 
storeys 


Continued 




A SHORT DICTIONARY OF BUILDER’S FINISHING TERMS 


AIR COOK— A tap to allow of the 
escape of air. 

*A wall-covering modelled 

Anchor Plate^A plate built into a 
wall to hold down some object. 

Anffus Smith's Solution— A preserva- 
tIve|K>lution used for iron pipes. 

Anti-syphon Pipe— An air pipe to 
counteract the tendency of traps to 
syphon out. 

Apron — A strip of lead placed below a 
window, chimney, etc., and dressed 
on to the roof covering. 

Arabesque Glass — A form of rolled 
glass with an omamentai pattern. 

Axle Pulley— A pulley arranged in a 
vertical plate used in han^ug sashes. 

Automatic Flushing Cistern — A 
cistern arranged to discharge its 
contents as soon as it is filled. 

RACK PUTTY— The putty placed 
between a pane of glass and the 
rebate of the sash. 

Balance Weight — A weight used in 
sash frames to counterbalance the 
frame. 

BarfTs Process — A method of pro- 
tecting iron by forming a coating of 
black oxide. 

Bases — Those pigments which give 
opacity and lK>dy to paints. 

Bastard Flatting— A flatting coat to 
which a little clarified oil or size has 
been added. 

Bearing Plate — An iron plate used 
between a strap and a piece of timber. 

Bell Board — A board on which a seri^ 
of bells are attached. 

Bib-cock — A form of cock which 
delivers water from the end of a pipe. 

Blister — In painted w'ork small parts of 
the paint that have become separated 
from the surface covered and raised. 

Blown Joint— A soidored lead joint 
made with a blowpipe. 

Bobbins — Boxw'ood bulls used in bend- 
ing lead pipes. 

Bolt — A curved piece of wood used in 
bending lead pipes ; a metal fasten- 
ing for a door catcliing in a staple 
or thimble. 

Boot Boiler — A form of boiler used at 
the back of a kitchen range. 

Box Girder — A girder having two 
paraliel webs. 

Bracketing— Piece of wood to receive 
lathes for plaster conilces. 

Brad — A small nail witli a head on 
one side only. 

Brazing — The joining two pieces of 
metal by means of brass solder. 

Bringing Forward — Painting por- 
tions of work one or more extra coats 
before general painting. 

British Plate — Plate glass cast and 
afterwards polished. 

Brunswick Black — A material formed 
of asphaltum and turpentine and 
applied to iron. 

Bull) Iron — Iron rolled w’ith one flat 
and one cylindrical flange. 

Bullet Latch — A latcli formed with a 
spherical catch like a bullet. 

Bullion — The centre of a sheet of 
crown glass. 

Burlap — A woven material formed of 
jute. 

Burning Off— Removing paint by 
applying heat to the surface. 

Burning in— Melting solder to fit lead 
in a raglet. 

Burnt Joint— A lead joint formed with 
lead in place of solder. 

OARIN HOOK — Afreely-movinghook 
attached to a staple or plate. 

Caloothar — Red oxide of iron. 

Carnes— Strips of lead having an H 
section used in lead glazing. 

Cantilever — A beam built into a wall 
and supported at one end only. 

Casement Fastener— A metal fastener 
to secure a casement to the frame. 

Cast Iron— Iron that has been melted 
and cast in a mould. 


Cathedral Glass— Plain, tinted glass 
used in lead glazing. 

Cat Ladder — IJght iron ladders used 
for giving access to roofs. 

Ceiling Block— A block of wood used for 
attaching a gas pendant to a ceiling. 

Cesspool— A sunk outlet to a lead 
gutter. 

Chimney Bar— A wrought-iron bar 
built in under the arch of a chimney 
oi)ening. 

Chequer Plate — An iron plate with a 
raised chequered surface. 

Circulating Pipe — A pipe through 
which hot water from a boiler is 
circulated. 

Cleaning Eye— An opening inserted in 
pipes and traps to facilitate cleaning. 

Clearcolle — Thin liouid glue used on 
porous surfaces before whitewash. 

Clips — Metal bands placed round a 
pipe to fix same to woodwork. 

Clout Nails — Flat-headed nails. 

Coach Screw — A long screw of uniform 
diameter and with a square head. 

Coarse Stuff— A mixture of lime, sand 
and hair for first two coats in 


plastering. 

Cobweb Grating — A form of grating 
used as outlet to layatory basins. 

Coburg Varnish — A pale oil varnish. 

Cookie Furnace — A furnace of thick 
iron used for heating air. 

Collar — A lead disc temporarily fixed 
round a pipe during wiping a joint 
to catch the superfluous solder. 

Coil — A pipe bent to and fro to give a 
large heating surface at any desired 
point. 

Compo — A general term given to 
cement used for coating brickwork. 

Composition Nails — Nails made of 
various alloys to avoid corrosion. 

Concrete Float — A thick, heavy float 
used in finishing concrete paving. 

Copper Bit Joint — A soldered joint 
made with a copper bit. 

Copper Nails — Nails made of copper, 
usually in the form of clout nails. 

Core — A thick iron bar fitted under a 
handrail ; the rough centre for a 
plaster moulding. 

Cottar — Wedge-shaped keys. 

Countersunk Joint — One finished 
with a splayed head flush with the 
plate. 

Cover Flashing — A strip of lead fixed 
into a wall and covering the top of a 
flashing. 

Creeping — The slow movement of lead 
downwards on a steep roof. 

Cross-garnet Hinge — A hinge in the 
form of a H. 

Crown Glass — Glass blown in globular 
form and afterwards flattened. 

Crystal Glass — A very pure white 
quality of sheet or plate glass. 

Cup-and-ball Joint— A joint giving free 
rotary motion, used for chandeliers. 

Cups — Small brass cones fitted into 
wood beads to receive tlie beads of 
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Cutting Wheel — A circular Igiife used 
in trimming wallpapers. 


DADO — A horizontal division at the 

rtf A tlTAll 

Darby — A tw'o-handled plasterer’s 
float. 

Dead Look — A lock having only one 
bolt operated by a kev. 

Dished — A slightly hollowed bottom 
formed in lead-lined sinks and cess- 
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Distemper — A material similar to 
whitewash, but mixed witli colouring 

D<mK^arm Pendant — A fonii of gas 
pendant having two arms. 

Double Laths— Laths of extra thick- 
ness. 

Double Size — Size of twice the usual 
strength. 

Double-swing Bracket— A gas bracket 
having two Urms, both with movable 
joints. 


Dovetail Lathing— A sheet of metal 
bent into a series of dovetail grooves. 

Draw-off— A tap by means of which 
water may be drawn from a pipe. 

Drawn Pipes — Lead pipes produced 
by machinery writhout any joint. 

Drip— An abrupt change in the level 
of a lead flat. 

Drip Pipe — A pipe used In steam 
heating systems to get rid of con- 
densation water. 

Drop Handle— 7A handle which is 
hinged to lie close against a door 
when not In use. 

Dryers — Substances added to paint 
to assist the absorption of oxygen. 

D Trap — An old form of trap, shaped 
like a O. 

Dubbing Out — The process of forming 
a core for plaster mouldings. 

Dummy— A tool used by the plumber 
iu pipe bending. 

■AR8 — Flat projections cast on iron 
rain-water pipes for fixing them. 

Eaves Gutteiv- A gutter to take rain- 
water fixed at the eaves. 

Economiser — A metal shield to dose 
the opening between a grate and the 
hearth. 

Elbow — A socket joining two pipes at 
right angles. 

Embossed Glass — Glass that baa been 
ornamented by chemical process. 

Escutcheon — A small shield placed 
round a keyhole opening. 

Espagnolette Bolt — A long double- 
action bolt used to secure j^Yench 
windowrs. 

Eye — A metal ring into wliich a bolt 
may be fitted. 

Eye-plate — A plate by which an eye 
may be attached to wcKHlwork. 

Expanded Metal — Metal sheets per- 
forated and drawn out to form a 
kind of netting. 

Expansion Joint — A form of joint 
allowing of movement due to expan- 
sion. 

Expansion Pipe — A pipe in a hob>water 
system to carry off or contain excess 
of water due to expansion. 

Expansion Tank — A tank in a iiot- 
water system to hold excess of water 
due to expansion. 

PALL-DOWN ATOP— A form of gate 
stop that is lowered when not in use. 

Feather-edge Rule— A rule one edge 
of which is splayed off to a thin edge. 

Feed Cistern — A small cistern to keep 
a boiler supplied with water. 

Fine Stuff — A mixture of lime putty 
with a little sand and liair. 

Finger Plate — A plate fixed to either 
face of a door above or below a lock. 

Finial — An omamentai termination 
to a gable or liip. 

Fining Float — Small float for working 
plaster mitres, etc. 

Fire-bar— The horizontal bars which 
carry the fire in a grate, boiler, etc. 

Fish-plate — An iron plate used in form- 
ing a fished joint. 

Flake White — A form of pure wliite 
lead made in England. 

Flange — The tension and compression 
members in an iron girder. 

Flanged Joint— A lead joint formed 
with a flange below it to support the 
pipe on a floor. 

Flasned Glass — White glass with a 
film of coloured glass overlaid. 

Flashing — A strip of lead used to make 
watertight the joint between a 
sloping roof and a vortical face. 

Flatting — A coat of paint that is 

^ finished wltliout gloss. 

Flitch — An iron plate placed vertically 
in a flitched beam. 

Float — A flat wooden instrument for 
working the final coat in plastering. 

Floating Rule— A long rule used in 
forming screeds and floating surfaces 
between screeds. 

Floor Spring— A spring for automati- 
cally closing a door, fixed iu the floor. 
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Plow Pipe->That portionof a circnlating 
-pipe from the boiler to the hli^t leveL 

Flush Bolt — A bolt let Into a door or 
window 80 that the face is flush with 
the wood. 

Flush Handle— A handle sunk Into a 
door 80 88 to be flush with its face. 

Plushina Tank — A tank the whole 
contents of which are discharged at 
one time. 

Fluted Sheet — Sheet glass rolled with 
ribbed rollers, prodncing flutes. 

Foil — Thin leaves of oopw and other 
metals, applied like gold leaf. 

French Nails — Long thin wire nails 
with flat heads. 

French Polish— A mixture of shellac 
and spirits of wine for polishing hard 
woods. 

OALVANIBBD mOM— Iron covered 
with a coating of sine. 

Gasket — strands of rope or cord driven 
into the joints of pipes. 

Gas Tar— See coal tar. 

Gaugre — A measure of thickness of 
wire and metal ; to mix materials in 
exact proportion with water. 

Gaugre Board— A board on which 
plasterers’ materials are mixed. 

Gauged Stuff— Coarse or fine stuff 
with which plaster of Paris is mixed. 

Gauge Hook — A tool used by plumbers 
for shaving lead surfaces. 

Gauge Rule — a rule used for forming 
sunk or raised plaster surfaces. 

Gauging Trowel — A trowel used lor 
gauging plasterers* stuff. 

Gelatine Mould — Moulds formed of 
gelatine for casting piaster enrich- 
ments. 

Gib — A bearing iron used in connection 
with cottars. 

Gilding— A process of applying gold 
leaf to surfaces. 

Glaziers' Putty— A mixture of whiting 
and linseed oil. 

Gold Size — A material applied to 
surfaces to be gilded. 

Governor — An automatic control to 
regulate the pressure of gas in 
biuldings. 

Gralners^ Comb — A metal comb used 
to produce graining. 

Graining — Finishing a painted surface 
to match the grain of wood. 

Ground Brush — The brush used by 
painters for large surfaces. 

Ground Glass — Glass the surface of 
which is rendered obscure by grind- 
ing. 

Gudgeon — The term applied to the 
eye of a hinge. 

Gutter Pipe — The pipe through which 
the contents of a gutter are discharged. 

HAOKINQ OFF— The process of re- 
moving old plaster. 

Hacking Out — The process of removing 
broken glass and old putty. 

Hair — In plastering, the long hair from 
the backs of oxen.. 

Hand Float — Small floats, usually of 
pine, used in plastering. 

Hangers— The stmts employed in 
trussing a timber beam. 

Hasp— A hinged, slotted plate passed 
over a staple and secured with a 
pin or padlock. 

Hawk — A small board with a liandle 
used for gauging and holding 
plasterers’ stuff. 

Heel — In pipe bending, the outer side 
of the curve. 

Hit-and-miss Grating— One of which 
the openings can be closed by sliding 
a perforated plate. 

H-Iron — Iron rolled so as to have an H 
section. 

Holding-down Bolt— A bolt used to 
secure any object to an anchor plate. 

Hopper Closet— A doset in the form of 
a funnel. 

Hydrant— A stand pipe to which a 
hose may be attached. 

IMQIIAIN PAFKR^Papers coloured 
thmtiflrhont in fh«ir fnanufaeturs. 


JAFAN — ^Lead paint mixed with 
varnish dried at a high temperature. 

Japanese Gold Size— A preparation of 
gum anime and linseed oil. 

Jhllmil— A form of metal lathing. 

KIRN’S OMMBNT— A preparaUon of 
plaster of Paris treated with alum. 

Keying — The scoring of the surface of 
plaster to secure adhesion for the 
next coat. 

Kicking Plate— A metal plate fixed 
to the bottom rail of a door. 

Killed Spirit— Spirits of salta in which 
zinc has been dissolved. 

King Bolt— An iron bolt taking the 
place of a king poet in a compound 
sruat* 

Knotting— The prooesa of killing or 
covering knots in woodwork before 
painting. 

Knuckle — The projecting portion of a 
hinge through which the pin paaaea. 

LAO — A resinous substance obtained 
from the East Indies. 

Lacquer — A varnish made with methy- 
lated spirit. 

Lapped Joint — In lead work a joint in 
which one sheet is covered ny the 
edge of tile next. 

Larry — A rake used for mixing hair 
with coarse stuff. 

Latoh— A fastening which may be 
opened with a handle instead of a key. 

Lath and a Half— A term applied to 
extra stout laths. 

Laths — Thin strips of wood used as a 
groundwork for plastering. 

Lattice Girder— A girder of which the 
web is formed of iron lattice work. 

Laying — Another term for rendering 
in plaster work. 

Laying Trowel — A large square trowel 
used in rendering. 

Lead Lights — Lights formed of small 
panes connected by lead cames. 

Lead Safe — A tray of lead formed to 
catch any overflow water. 

Levelling Rule— A rule usetl by 
plasterers in levelling ceilings. 

Lignomur — A wail -hanging formed 
of wood fibre. 

Lime and Hair— Another term for 
coarse stuff. 

Lime Plaster — ^A term signifying tliat 
plaster is formed with lime. 

Lime Putty — Pure lime run with water 
and allowed to settle. 

Lime White — Chalk lime mixed with 
an excess of water, used as a wash. 

Llncrusta Walton — ^A wall decoration 
executed in relief. 

Litharge — Another term for oxide of 
lead. 

Luxfer Glass — ^A special glass formed 
with prismatic projections on one 
side. 

MACK PARTITION— A patent par- 
tition formed of plaster and reeds. 

Mandrels— Cylinders of soft wood 
varying in length. 

Margin Trowel— A parallel-sided 

trowel for plaster margins. 

Massicot — A superior kind of oxide of 
lead. 

Mastic — A resinous gum obtained 
from the Mediterranean. 

Metallo-ceramic Joint— A patent joint 
for uniting lead pipe to earthen- 
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Middling Lead Pipe— A pipe inter- 
mediate in weight between light and 
heavy. 

Milled Lead— Sheet lead that has been 
rolled out 

Minium — ^Another name for red lead. 

Mortise Look- A lock that la inserted 
into a mortise formed in the thickness 
of a door. 

Muffled Glass— Glass formed with 
a wavy surface. 

Muffling— Covering a running mould 
with plaster to teduoe its section. 

Muffling Plate— A meUl ^te used 
to reduce the section ai a riinning 
mould. 


Muller— tA kind of pestle used in 
grinding paint. 

Muranese — ^A form of obscured glass. 
NIB — ^The upper edge of a plasterer’s 
' mnningmould. 

Nipple— The screwed end of gas pipe 
to receive the fitting. 

Norfolk Thumb Lateh— A latch 
operated by a lever which can be 
depressed by the thumb. 

OIL FOLIRH— A finish produced with 
Unseed oil. 

Overflow— An outlet aliowlng water 
to escape on reaching its level. 

Over Graining— A thin additional coat 
over ordinary graining. 

Overcast Joint— One on which a aeries 
of facets are formed after wiping. 
Oxide of Iron Paint— Paint in which 
oxide of iron forms the base. 
FAOKINO FIROR— Iron sUbs of 
various thickness used in levelling 
girders on stanchions. 

Palette — A thin wooden board to 
receive pfdnts used in decorative work. 
Palette Knife — ^A long, flexible Made 
used in mixing up colours. 

Painter’s Torch — An apparatus for 
producing a flame for buming-off. 
Pan Closet — An old form of w.c. in 
which a pan was employed to receive 
the contents. 

Panel Float— ^A small float used for 
laying and smootliing work in panels. 
Panel Trowel — Resembles a laying 
trowel, but is smaller. 

Parian cement — A white cement pre- 
pared from Master of Paris and borax. 
Parliament Hinge — A hinge having 
the form of an H. 

Patent Size — A preparation of gelatine. 
Pebble Dash — Another name for rough 
coat. 

Pedestal Closet— A modem form of 
w.c. with basin and trap exposed 
to view. 

Pivot— A projecting pin working in a 
socket. 

Plaster of Paris — A fine white plaster 
prejNEured fxbm gypsum. 

Plate Glass — Glass poured hot on to a 
table and rolled out. 

Pneumatic Bell — A bell operated by 
the compression of air. 

Polished Plate— Plate glass that has 
been polished. 

Polishing Trowel— A trowel used in 
finishing the setting coat of plaster. 
Pot Metal — Glass which is coloured 
throughout its substance. 

Pouring Stick — A short, grooved piece 
of wood to convey melted solder to 
the back of a joint. 

Picking Up— Applying coarse stuff 
to wmIs, partitions, or cubings. 
Prlmlng-^verlng a wood surface 
with the first coat of paint. 

P-Trap — ^A trap the general form of 
which resembles a T. 

Pulp Paper— The commonest class of 
wallpaper. 

QUADRANT RTAV- A stay bar for 
openings and arches having a quad- 
rant form. 

Quarries— Glass cut into small pieces 
for lead glazing. 

RADIATOR — A closed metal vessel 
having a large superficial area for 
radiation. 

Raglet — A chase cut in stonework 
to receive lead flashings. 

Rain-water Gutter— A channel to 
receive rain-water from the eaves of 
a building. 

Rain-water Head— An open vessel 
above the pipe to receive the dis- 
charge from a gutter. 

Rain-water Pipe— A metal pipe used 
to convey rain-water. 

Red Lead— An oxide of lead, usually 
in the form of a red powder. 
Reducing Pipe— One reduced from a 
larger to a smaller diameter. 
Reflector— Reflecting surface used to 
alter the direction of rays of light. 



Orate — One having a flap, 
or regiiter, between the grate and 
the oninmey. 

Render—Tbe prooeie of laying ooaree 
ituff or cement on solid .walls or 
ceiling. 

Return Pipe — That part of a circa- 
lathm pipe between the highest level 
and the boiler. 

Ribbon Joint— One in which a band 
of solder is formed round the joint. 

R.LJ. — ^Abbreviation for rollra iron 

J^t. 

Rim Look — A lock attached to the 
face of a door. 

Risinsr Butts— Those that lift the door 
slightly as It opens. 

Rising Main— The pipe taken up to 
supply a cistern. 

Roll — The method of forming a longi- 
tudinal Joint between two sheets of 
lead. 

Rolled Plate — Plate glass that has been 
rolled to produce a fluted surface. 

Rough Cast — A method of flnishing 
exemal plaster with pebbles or 
shingle. 

Rough Cast Plate — Cast plate rolled 
with a smooth roller. 

R.S.J. — Abbreviation for rolled steel 
joist. 

Rubber Cone — A union formed of 
rubber. 

Rubbing Down — The process of rub- 
bing each coat of painted work. 

Rule — ^A strip of wood varying in sise 
and form used in floating plaster. 

Running Rule — Wood strips fixed as 
guides for running moulds. 

Running Mould — Moulded profiles by 
means of which mouldings in plaster 
are formed; 


MDDLS-MAR— A metal bar used to 
give supTOrt to lead lights. 

Sanitary Paper— Wallpaper printed 
in oil colours and washable. 

Sash Fastener— A metal catch to 
secure one sash t« another. 

Sash Lift — A metal hook or plate by 
which a sash is lifted. 

Sash Tool — ^The brush used in painting 
sash-frames. 

Sash Weight — Metal weights used to 
counterbalance the sa^ and its 
glass. 

Satin Paper— Wallpaper having a 
polished, satin-like surface. 

Scaglloler — A special form of coloured 
plaster used in imitation of marble. 

Scouring — Working over plaster sur- 
faces with a hand float. 

Scratch — A tool used in scratching or 
scoring plaster surfaces to form a key. 

Scratch Tools — Small tools of various 
shapes used in flnishing plaster 
enrichments. 

Screed — A strip of plaster laid as a 
guide for floating. 

Seam Roller — A small roller used in 
smoothing the joints in paper- 
hanging. 

Seamed Pipe— A lead pipe formed 
out of sheet lead with a soldered 
joint. 

Setting — The nrocess of laying and 
flnlshiim the final plaster coat. 

Setting Coat— The last coat in plaster- 
ing. formed of fine stuff. 

Ser^oe Pipe — A pipe conveying 
water from the supply to a fitting. 

Sgraffito — Successive thin coats of 
coloured plaster incised and cut to 
give pictorial effects. 

Shave liook— A tool used in shaving 
lead-work. 

Shaving— The process of removing a 
thin layer of lead to provide a bright 
surface. 

Sheet Glaas — Glass blown in tbe form 
of cylinders and afterwards flattened. 

Shoe— The outlet of a rain-water pipe 
over a gullev. 

Side-arm Roller— Eesembles a seam 
roller, but will work dose up to a 
projecting surface. 


Silicate Cotton-r-A fibrous non-con- 
ducting material produced from iron 

Sin[%-8Wing Bracket— A gas bracket 
having one movable arm. 

Size — A liquid preparation of glue. 

Size Kettle — A Imttle with water 
jacket, in Which size is melted. 

Skimming Float — ^A large float used 
for l^ing setting stuff. 

Slag Wool— See aUieate octUtn, 

Slipper The face of a running 
mould. 

Slop Sink— A sink intended to receive 
bedroom slops. 

Smoothing Roller^A broad roller 
used in naper-haiiging. 

Smudge — A preparation used by the 
plumber in soiling. 

Snap Rivet — One formed with a 
sphericid head. 

Soakers— Sheets of lead inserted under 
slates or tiles, and turned up against 
a wall. 

Soil — Another term for smudge. 

Soiling — The process of covering 
with soil those parts of lead work to 
which solder is not required to 
adhere. 

Soil Pipe — ^A pipe for conveying away 
the contents of w.c.'s. 


Soldered Dot— A method of securing 
vertical lead sheets to woodwork or 
stone. 

Soot Door — A small iron door and 
frame Inserted in a smoke flu& 

Sparge Pipe — A pipe arranged to dis- 
tribute a discharge of water over a 
wide area. 

Splash Stiek— A small wood or iron 
stick used in upright soldered joints. 

Sprig — A small metal brad used by 
glaziers. 

Sprigging — Temporarily securing 

panes oi glass with spri^. 

Stanchion — A perpendicular support 
under a girder. 

Standing waste— A waste pipe stand- 
ing up within a cistern. 

Stand Pipe— A vertical pipe fitted 
with a tap for drawing off water. 

Stay Pipe — ^A metal bar used to secure 
a window when open. 

Stencil — ^A pierced plate for painting 
designs that repeat. 

Stepped Flashing — One cut to allow 
of the upper edge being turned into 
successive brick joints. 

Step Setter — A tool used in forming 
stepped flashing. 

StlflTeners — In built girders pieces of 
angle iron used to stiffen tlie web 
and flanges. 

Stippling — Finishing a painted surface 
with the end of a paint-brush. 

Stock — The backing for the profile 
plate in a running mould. 

Stopcock — ^A valve used to slmt off a 
supply. 

Stopped End— A closed end to a rain- 
water pipe. 

Stopping— The process of flUing up 
small holes in woodwork or plMter. 

S-trap — A trap the outlet of which is 
in the form of an 8. ^ 

Strap — A narrow plate used in securing 
timber joints. 

Strap Hlngfl — ^A hinge for heavy gates, 
fixed to them with iron straps. 

Striking Plato— The metal plate into 
which the bolt of a lock is inserted. 

Stuooo — A somewhat vague term 
applied to several plastic mixtures. 

Swan-nook — A beut pipe connecting 
a rain-water gutter and pipe. 

Syphon Box — ^An apparatus used to 
collect water from gas supply. 

Syphon Closet — One in which the 
contents are removed by syphonic 
action. 


TAOKY— The condition of paint or 
varnish which fails to diy properly. 

Taft Joint— A wiped lead Joint re- 
sembling in form a copper bit joint. 

Tar Paint— A paint for iron formed 
with tar, lime and naphtha. 


Tension Rod— An iron rod used in 
trussing timber beams. 

Throat-^n pipe-bending, the inner side 
of the lead. 

Tie-rod — A metal rod replacing a tie- 
beam in a compound roof. 

Tingle — ^A broad strip of stout lead 
used to hol<Pdown the edges of lead 
sheets. 


Tinning— The process of covering a 
copper bit with solder. 

Triron — Iron rolled in the section of 
a T. 

Toe — The lower end of the stock of a 
running mould. 

Touch — A piece of tallow candle is 
used to touch lead surfaces after 
shaving. 

T-piece — A form of union between two 
horizontal and one vertical tubes. 

Traversing Rule— A rule used for 
forming screeds in gauged or setting 
stuff. 

Trimming Knife— A knife used for 
trimming wallpapers. 

TrowelledFace — A plaster face highly 
finished with a trowel. 

Trumpet-mouth Waste— A waste 
pipe the mouth of which is enlarged 
like a trumpet. 

Turnbuekle — A fastening of iron or 
brass turning on a pivot. 

Turn Pin — Wood cones used for en- 
larging ends of lead pipes. 

Tynecastle Canvas— A material 

moulded in relief on canvas for 
covering walls. 


UNDKRH AND JOINT— A wiped joint 
on a horizontal pipe. 

Union — A screw joint to unite a pipe 
to a cistern or a lead and iron pipe. 

Universal Joint — A ball-and-socket 
joint. 

Upright Joint— A wiped joint on a 
vertical pipe. 


VALLSV QUTTKR— A gutter formed 
in the angle between two roofs. 

Valve Closet — One in which the outlet 
of the basin Is closed by a valve. 

Vehicles— The liquid with which pig- 
ments are mixed to form paint. 

Ventilating Stove — A stove provided 
with a hot-air chamber and air 
inlet. 


WALL HOOK— An iron spike with a 
curved end that will grip a pipe. 

Warning Pipe — One that gives notice 
by dripping when a cistern is full. 

Washable Distemper— Material re- 
sembling distemper, but which may 

Wash-down Closet — One in which the 
bottom of the pan is continued into 
the trap. 

Wash-out Closet— One in which the 
contents of the pan are washed out 
into the trap. 

Water Stain — A material used for 
altering the colour of woodwork. 

Water Waste Preventer— A cistern 
using only a limited amount of water 
at each discharge. 

Wax Moulds— Used by plasterers for 
casting enrichments. 

Wax Polish— A glossy surface produced 
on wood with the aid of wax. 

Web — The vertical member of an iron 
girder. 

Weeping Pipe — A pipe which allovm 
water to drip slowly. 

Welted Joint — One in which tiro metal 
sheets are folded together to form 
a joint. 

White Lead— A carbonate of lead, the 
base of many paints. 

Whitewash— A mixture of whiting, 
water and double size. 

Wired Glass- Glais in whidi w|re 
netting iz embedded. 

Wiped Joint— A Joint formed wijUi 
solder by means of a cloth pad. 

XINO PAINT— A paint of which the 
base is zinc white. 

Zinc White— An oxide of zinc. 
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or vertically. The force of waves on a beach 
varies with the slope, the higher the beach and 
shallower the water, the less the eroding and 
transporting force. 

The lengw of a wave is the distance measured 
from the top of the crest of one wave to that of the 
next. The height is the vertical distance from the 
bottom of the trough to the top of the crest. 

As regards the velocity of waves — short waves 
whose lengths are not greater than the depth of the 
water have a velocity depending sensibly only on 
their length and proportional to the spread of their 
length. Long waves whose lengths are greater 
than the depth of the water have velocity depending 
sensibly only on their depth, and are prop^tional 
to the square root of the depth. The. velocity of a 
wave ceases to increase with the depth beyond 
a depth equal to the length of the wave. Long 
waves in deep water have the greatest velocity, 
irrespective oi their height. 

The question of the movement of material at 
great depth has given rise to much discussion, 
llie movement of sand, stones, etc., in water of 
considerable depth is generally due to tidal currents, 
aided by wave action. There occurs a movement 
at the bottom of the deep-water channels that inter* 
sect the sands lying off the shore, but the sand is 
drifted backwara and forward only with the flood 
and ebb tide. 

The late Sir John Coode stated (Minutes of Evi- 
dence, Select Committee on Harbours of Refuge, 
1851) that he ** found the shinp^le of the Chesil Bank 
disturbed by wave action, during the heaviest gales, 
at a depth of eight fathoms, the shingle thus 
disturbed being of large size.'* 

Mowement of the Particles Forming 

Waves* Passing waves give an observer the im* 
rossion that they are advancing towards the shore, 
ut instead of passing onward, each wave oscillates 
between certain points, the distance between which 
bears a fixed relation to the length of the wave be- 
tween crest and crest. Only the form and energy of 
the wave are transmitted and not the water, except to 
a certain extent in the case of waves of translation. 

The dynamical effect of waves striking a plain 
surface is not easy to estimate ; but when a gale 
is subsiding more damage is often done to sea 
walls, etc., during that period than when at its 
height, owing to me waves becoming more regular 
ana in a way steadying themselves as the force of 
wind decreases, and thus throwing their full weight 
against any opposing structure. 

Felth is the distance in any direction which is 
freely traversed by waves driven by the wind. 

Create on waves are formed in the open ocean 
by the wind urging the top of the wave forward 
at a greater velocity than the body of the wave, and 
causing that portion of the wave to break by pushing 
it over. Waves sometimes carry their crests for 
a long distance, and become dangerous to vessels 
of small size. These waves do not disperse, and 
cannot be regarded as ordinary breakers. There 
is no reliable fonnula for calculating the height 
of waves during strong gales. The height of spray 
on broken water is oft^ shaken about instead of 
the actual wave. The greatest height may be taken 
as between 40 and 50 ft. 

Tides. Tides are due to the combined attrac- 
tion of the sun and moon. They exert their greatest 
attractive effect upon that part of the water which 
is immediately opposite to, and therefore nearest, 
to them. 

Tides are mainly governed by the moon, in spite 
of the much greater force exerted by the sun at 
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tbe earth*8 surface, and are influenced the moon 
and follow h^ apparent passfl^ round the earth, 
due to the eartns rotation. Two lunar tides are 
experienced in the course of a day. Morning and 
evening tides, ordinary and equinoctial tides, and 
summer and winter tides, are affected by variations 
in distance of the sun, moon, and earth from each 
other, and also by declination. 

During each lunar month, the sun, moon, and 
earth are in line, and effective lunar and solar 
attractions are combined, raising the water on 
the two opposite sides of the earth, and this increased 
rise creates what is known as a airing tide. 

Equinoctial Spring Tides. These occur 
in M^h and September, when the sun is vertical 
over the equator, and its attractive power is then 
greatest. When the lunar tides at new and full 
moon coincide with the solar tides about this time^ 
which they do more closely now than at other times, 
these abnormally high and low tides occur. During 
each lunar month a!^ the sun is once in a position 
at right angles to the moon as regards the earth, 
the l\mar tide is reduced by the opposing action of 
the sun, by the extent of the solar tide, and the 
result is called a neap tide. 

Considerable influence is exerted by the wind upon 
the tides by raising or depressing the sea-level along 
coasts. A strong on-snore wind increases the 
normal rise of the tide and prevents it from falling 
to its full extent An off-shore wind produces the 
opposite result. Furthermore, it is found that 
chanm in atmospheric pressure affect the tidal 
rise by altering the local pressure upon the sea. 
The weight of the atmosphere at the earth*s 
surface equals a pressure of 15 lb. per square inch, 
and is equivalent to nearly 8J tons per superficial 
yard. 

Barometers record atmospheric pressure by com- 
paring it with the height of a column of mercury, 
which it is capable to balance. The weight of 
mercury is approximately thirteen times that of sea 
water ; therefore, a fall or rise of 1 in. would re- 
present an elevation or depression to the extent of 
13 in. According to Lord Avebury, a rise of 1 in. 
in the barometer causes a depression of the tide at 
London of about 7 in., and oi 11 in. at Liverpool. 

Double tides are caused by portions of the tidal 
wave reaching a locality by different routes, such 
as takes place at Southampton. The portion of the 
tidal wave which passes up the western channel, 
being deeper and more direct, reaches Southamp- 
ton earlier than the portion of the tidal wave 
passing up the eastern channel, thus forming a 
double tide. 

Currents. No general rules regarding cur- 
rents can be laid down, as each place has its own 
peculiasities. For information as regards the flow 
and velocity of currents it is usual to refer to the 
Admiralty charts. Ocean currents are produced by 
the difference of the temperature at the equator and 
near the Poles. The density of the heated water 
being reduced, it flows towards the Pole, and becomes 
replaced by an undercurrent of cold water travelling 
towards the tropics. 

Tides occur twice in every 24 hours and 50^ 
minutes. When a place is on the same side of the 
equator as the moon, the tide which is produced 
while the moon is above the horizon, as already 
explained, is filter than while the moon is imder 
the horizon of the place ; but when a place m upon 
the opposite side of the equator to tne moon the 
effect is reversed. In midsummer, the afternoon 
tides are higher than the morning tides. In the 
winter, the morning tides are usually the highest 
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i Beardmore gives the following table for findiiig 
the height of the tide at any period after high 
Water. 

HEIGHT OF TIDE AFTER HIGH WATER \ 


high water. 

Multiplier. 

Time from hlfh water, j 

MulUplIer. 

00 

1*000 

00 

•600 

SO 

•975 

SO 

•875 

00 

•916 

00 

•258 

30 

•841 


•158 

00 

.741 


•08S 

80 1 

•625 


•025 


The rule is to multiply the range of tide for the 
day by the factor opposite the hour at which the 
height is required. Suppose, as our example, that 
the total rise of tide at Dover on the 12th April was 
20*4 ft., high water made at 3 p.m. What was the 
height of tide at 4 p.m. ? 20*4 x *916 = 18*68 ft 
Harbour Regulations* Parliament has 
from time to time authorised a considerable expen- 
diture of national funds for harbours and break- 
waters useful for the Navy, and they are therefore 
deemed, very properly, to be of national rather 
than of local importance — as, for example, at Port- 
land, Plymouth, Dover, Holyhead, and Chatham. 

A General Act, called the “ Public Works Loan 
Act,^’ authorises advances to be made to such under- 
takings. Acts of Parliament are necessary for 
harbour works of large magnitude. Small under- 
takings, where it is not proposed to acquire land 
for the purposes of the works, are carried out without 
the expense and trouble of a special Act, under 
Provisional Orders of the Board oi Trade. All such 
legal documents are cheaper than engineering works, 
and are not always executed within the priori bed 
limits of time. Harbour improvements, or the con- 
struction of a dock required for the special interests 
of a mercantile |X)rt, may be sometimes constructed 
and paid for by local or municipal capitalists, or, in 
addition, outside aid may be obtained. 

Harteur Revenues* Works are generally 
made directly remunerative by subjecting vessels, 
merchandise and passengers, to a tax or toll for 
the use of the improved accommodation. The 
revenue from harbours and docks is generally 
levied in the 8ha])e of dues on vessels, calculated 
according to weight, bulk, or value, and some- 
times as a poll tax on passengers. The necessary 
money may be provided through the ordinary 
means of a joint stock company, or by means of a 
harbour trust. In the former case, the net revenue 
will be applied to the payment of a dividend to 
shareholders, who will naturally endeavour, by 
keeping down expenditure and maintaining high 
rates, to obtain as much profit as jjossible. In the 
latter case, the money is raised on bonds bearing a 
fixed rate of interest for the payment of which the 
revenue of the undertaking is pledged, the profits 
beyond what is necessary for this fixed rate being 
applied to the extension or improvement of the 
works, also to a sinking fund for the redemption of 
the bonds and then to the reduction of the tolls. 
As examples of the first system, joint stock companies 
own the docks of Ix>ndon, Southampton, Hull, and 
Plymouth. The Clyde Trust, the Mersey Docks 


and Harbour Board, the Dublin Board, the Belfast 
Board, and the Dover Harbour Board, are examples 
of the second system. 

Different Claeeee of Hnrboure. We 

have (1) harbours of refuge and anchorage break 
waters, which consist of one or more breakwaters, 
arrang^ so as to form a safe roadstead, easily 
accessible in all states of weather and tide to the 
largest vessels : (2) deep water and tidal harl^urs 
for commercial purposes, in which an arrangement 
of piers or breakwaters, or of both, enclose and 
tranquillise a water area enabling vessels to be 
mooi^ at the quay walls or wharves, forming the 
inner sides of the piers ; and (3) oant^ or curved 
piers, where vessels lie under the lee of the cant and 
the sheltered side of the pier is finished as a quay. 
Where the coast lies open to a heavy sea it is found 
necessary to make a double harbour, the entrance to 
the inner basin being protected by the outer works. 

The shore between high water and low water 
belongs to the Crown, imless alienated by special 
rent to the lord of the manor or frontages, and no 
groynes or erections of any kind for coast protection 
may be constructed below high water without their 
consent. The influence of the protection of one 
rtion of a foreshore by such artificial moans should 
considered in its effect upon adjoining foreshores 
which may not be as well protect^. The terms of 
reference to the Royal Commission on Coast Erosion, 
which is now sitting, are : 

To inquire and report : 

(а) As to the encroachment of the sea on various parts 
of the coast of the United Kingdom, and the damagi' 
which has been, or is likely to be, caused thereby ; and 
what measures are desirable for the prevention of such 
damage. 

(б) Whether any further powers should be conferred 
upon local authorities and owners of property with a 
view to the adoption of effective and systematic sciiemes 
for the protection of the coast and the banks of tidal rivers. 

(c) Whether any alteration of tlie law is desirable as 
regards the management and control of the foreshore. 

(d) Whether further facilities should be given for the 
reclamation of tidal lauds. 

Depth of Water. It has been found in 
actual experience that harbour entrances forme<i 
by converging jetties have, in general, attained 
a better depth of water than those whore parallel 
jetties have been adopted. The force of a 
scouring current makes itself felt against the 
shallowest point of the channel, while shoals 
formed in the wider sheltered area inside are easily 
removed by dredging. The harbour engineer 
must anticipate vessels 1,000 ft. in length and 
drawing 40 ft. of water, and in all modern harbours 
must dredge accordingly. 

The system of prod^ucing scour by a single jetty 
can be resorted to only in very exceptional circum- 
stances. At the same time, trumpet-shaped 
entrances caiinot be recommended. The superiority 
of converging jetties, kept low in places to ensure 
the filling of the estuary at every tide, consists in the 
small interference with littoral currents. They 
tend to produce scour round the projecting point 
formed by the piers, and they concentrate tlio 
current at the most critical point of the channel. 
Uniform width in a channel tends to produce 
imiform scour and to improve the discharge of 
flood waters. Hence, the advantage of a pier upon 
both the sides of a harbour entrance. 


Continued 
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STRENGTH & SPEED OF SHIPS transit 

I 28 

The Strength of Material and Attachments. Distribution of Structural ' 

Material Speed and Resistance of Sailing and Steam Ships. Steering 


By Dr. J. BRUHN 


Vf/HEN the designer has ensured that his ship 
^ will float at the required draft, and that she 
will float in the upright position, thi^ he hak to 
make sure that she will possess the third essential 
quality — namely, .such structural strength as will 
^mitof her being exposed to all the ordinary forces 
met with in her trade. The designer is, however, in 
most instances to a large extent relieved of the 
trouble and responsibility of himself ascertaining 
if his ship will have the required strength. The 
classification societies, such as Lloyd's Register, 
Bureau Veritas, British Corporation, and others 
exist with a view to ensuring, in the interest of 
owners and underwriters, that their ships possess 
ample structural strength, and the standard of 
efficiency which they provide is usually so high that 
the ship designer or builder practically leaves thit 
question entirely to them. These societies pro- 
vide definite dimensions (scantlings) for the various 
structural items according to the size, type, and 
arrangement of the ship. Their wider experience 
with regard to this particular point enables them 
to determine what the dimensions of the material 
ought to be more readily than it w’ould usually 
be possible for the individual designer to do ; but the 
latter must, on the other hand, sometimes investigate 
the question of strength indej^dently. In doing 
so he uses the same broad principles upon which the 
tabulated rules of classification societies have been 
based. 

Strength of Material. The strength of 
a ship depends, in the first instance, on the strength 
of me material employed. At the present 
moment there is for practical purposes only one 
material used hi shipbuilding — namely, mild steel. 
Chemically, this consists almost solely of iron 
with a very small quantity of carbon and traces 
of silicon, sulphur and phosphorus. Its strength 
is usually supposed to be measured by the number 
of tons require to pull asunder a bar with a section 
of one square inciu For ordinary shipbuilding 
steel, this, the tensile stre^th, varies from 26 to 32 
tons per square inch. This figure is, however, 
in itself no criterion as to the suitability for its 
intended purpose. It is only when the material 
is otherwise satisfactory, when it is elastic, ductile, 
flexible, etc., that the tensile strength may be taken 
as a guide to its efficiency. In fact, it is often 
undesirable to have a very high tensile strength, 
as that is not usually associated with good qualities 
in other directions. To such an extent is this 
the case that praoticallv all specifications for steel 
contain an upper as well as a lower limit for the ten- 
sile strength of the material. The steel is nearly 
always tested at the maker’s works with a view 
to its quality being guaranteed before it is forwarded 
to the shipyards. Strips are out off the rolled 
plates, and some are pulled asunder in a machine 
with a view to asoertainiim the tensile strength, 
which is the breaking loacf divided by the sec- 
tional area of ^e test piece. Other pieces are sub- 
j^ted to bend tests which afford a fair criterion 
as to the elasticity and ductility of the material. 


Gooi steel is an excellent material for skipbuilding 
purposes, but, at the same time, a lighter material 
with the same ductility would be still better even 
if the tensile strength were somewhat less. 


Strength of Attachments. The structure 
of a large steel ship is necessarily made up of a 
great number of individual plates and angles, which 
have to be attached to one another by rivets. 
The strength of a ship does not, therefore, depend 
solely on the strength of the building material, but also 
on the strength of the means whereby the individual 
pieces of material arc joined together. Excellent 
steel is comparatively easy to obtain, but it is of 
liitle use if the attachments are of inferior quality. 
It is therefore the designer’s duty to arrange the 
riveting of his structure in such 
a way that it shall be as nearly 
as possible equal in strength to 
< . I-: I the plating. 

There is a variety of ways in 
i. v&i, - ^ which plates and angles have to 

150 be joined in a ship. Figure 150 
shows the simplest. It is here 
merely a question of attaching the ends of two 
plates which may be subjected to tensile stresses. 
The pull across the entire width of the one plate 
must be transmitted through the rivets to the 
other plate. The strength of the plate is repre- 
sented by its sectional area or by the product of 
its width (6) and thickness (<), together with the 
tensile stren^h of the material (g). The strength 
of the rivets is represented by the aggregate sectional 
area of the rivets and the strength of their material 
per square inch (g,). It would be of no use to have 
the strength of the riveting greater than that of the 
weakest point of the plate, which is where it is 
injured by the rivet holes. Let the diameter of the 
rivets be d, their number w, and their distance apart, 
centre to centre, p. If the strength of the riveting 
is equal to that of the perforated plate, then 


or, as 


or 


• 786(P X n xqi- {h - 



•785d*xft 

P 

*785c/^g, = (p-d)xt xq. 


The plates were supposed to be subjected to pull, 
in which case g, the tensile strength of the material, 
is a proper factor of the right-hand term. The 
rivets, it will be observed, are not subjected to a 
pull in this case, but to a shearing action: g, does 
therefore not represent the tensile strength of the 
rivet material, but the shearing strength, which may 
be taken as 80 per cent of g. The above equation 
may then be written 

• 628 d«_ . 

(p-d) 

Ssmeing of Rivets In Practice. From 
this it will be seen that the diameter of the 
rivets and their spacing should depend on the 
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thickness of the plates to be attached. Larger rivels 
may be adoptea with wider spacing, or sinal.er 
ones with closer spacing. in practice, it is 
found desirable to use relatively much lar^r rivets 
in dinner than thicker plates, l^ause in the former 
case the actual size of rivet is such that it can be 
knocked up with ease by manual power, whereas the 
rivets for the thicker plates would bo so large that 
it is better, where hand riveting is adopted, to have 
more and smaller individual rivets. Roughly, the 
diameters of the rivets in steel plates of the thickness 
t are equal to \%t in., which shows that they 
are relatively small for the greater thicknesse.^, and 
the necessary strength of the attachments has, in 
those instances, to be provided by means of 
additional rows'of rivets. One row may be enough 
for the thicknesses up to ^ in : two may be needed 
when the thickness is } in. ; three when | in. ; and 
four when 1 in. There are other ]K)ints except the 
mere consideration of strength that govern in prac- 
tice the sizes of rivets, such as the necessity to have 
a spacing of the rivets that will admit of the edges 
of the plates being caulked and mode efficiently 
watertight. In a ship the edges of the plates as 
well as the butts have to be riveted together, but 
the attachment need not usually be so strong in the 
former as in the latter case. There are a number of 
other forms of riveted attachments — as, for instance, 
those between the frames and shell plating, and 
between the beams and the deck plating— which 
must also be strong enough to resist the stresses 
brought to bear upon them. In a general way, it 
may be said that it is the riveted attachments that 
are the weak points in a ship's structure, and when 
any straining does occur at sea, the result is nearly 
always slack and leaky rivets, and very rarely 
actually fractured plates. 

Distribution of Structural Material. 

The question of the strength of shii)8 is not merely 
one of sound material and effective attachments ; 
it is also one of sufficient material and efficient 
distribution. It will be self-evident that the 
strength of the ship depends in some measure on 
the amount of the structural material ; but it will 
also depend largely on the arrangement of the steel 
plates and angles. The most efficient distribution 
is that which admits of the greatest strength being 
obtained with the minimum weight of material. 
In order to determine this distribution, it is neces- 
sary to deal with the forces that act on a ship. 
These are, of course, of a very variable character. 
Some forces are at a maximum when the vessel is 
in dry dock, others when she is in the light condition, 
and others again when she is loaded. It should be 
the maximum probable forces in each instance 
tliat should govern the amount of strength to be 


upon'^it. It may bo possible to make a vessel of 
moderate size strong enough to rest on a soft river 
bottom ; but it is quite impracticable to make a 
large ship strong enough to bump on a rocky shore. 
Except in the case of a few small vessels, speciallv 
designed to rest on the bottom of harbours and suen 
places, it ought to be the conditions at sea that 
should govern all questions of strength. The waves 
of the ocean cannot apply the local jiressure to a 
ship which it is possible for a ragged ledge of rocks 
to do ; but they can at the same time cause very 
heavy distributed pressures to act on the structure. 
Just as the problem of the stability of ships and 
land structures was seen to be in reality the same. 


so the question of the strength of ships will be found, 
when closely examined, to be very much the same 
as the ^blems the civil engineer has to solve on 
land. To the superficial observer the question of 
the structural strength may appear a more intricate 
one at sea than on terra firma; but in many respects 
it is really a less difficult one, although in itself an 
exceedingly complex one. 

Forces Acting on a Ship. The forces 
that act on a smp's structure and tend to 
strain it, are gravity, inertia, and the pressure of 
the supporting medium. A loaded ship will usually 
have tne wei^t of her structure and cargo more or 
less uniformly distributed throughout her length. 
The support or buoyancy is also distributed in much 
the same manner. This means that the weight is 
at each point practically directly balanced by the 
supporting upward pressure of the water. When 
the vessel is placed among large ocean waves, the 
conditions change considerably. The weight of the 
structure and cargo remains always the same, but 
the supporting pressure will increase in way of the 



crests of the waves, where the water is piled up, and 
it will decrease at the hollow of the waves, where the 
draft is diminished. 

Figure 161 shows a vessel as she may float for a 
moment when waves of her own length are passing 
by. It will easily be realised that the support of the 
buoyancy is, in this instance, chiefly conflned to the 
ends of the vessel, and the ship will have a tendency 
to sag down in the middle, just ns a loaded bridge, 
supported at its ends, would do. The centre of 
gravity of the whole ship must still be over the 
centre of buoyancy, and both of these points may 
be taken to be in the line 00 j. The tendency for 
the vessel to sag down causes a bending moment 
to be set up at OO,. Looking at the forward half 
of the vessel, it will be a])parent tliat there is an 
upward moment about 00, equal to the product 
of the forward buoyancy multiplied by the distance 
of its centre B , from OO , . There will, likewise, be a 
downward moment equal to the weight of the 
forward half of the veasel multiplied by the distance 
of its centre of gravity from 00,. If these mo- 
ments balanced, then there would be no moment at 
00,, but if one is greater than the other, then there 
will be a moment at OO,, which must bo borne by 
the structure, and must be balanced by a similar 
but opposite moment caused by the weight and 
buoyancy of the after end of 


vessel is lifted relatively to the middle, or inversely 
the middle is sagging down in relation to the ends. 
Such moments are called sagging moments. If, on 
the other hand, the vessel happens to be poised 
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instantaneously on the crest of a wave, as shown 
by 152, then it will be understood that there is an 
unnecessarily large amount of support amidships. 



and very little at the ^ds of the vesaeL While the 
moment of the weight of the forward half of the 
vessel remains the same as before, the moment of 
the buoyancy is reduced, owing to its centre 
moving closer to 00 j. 

In these circumstances the weight moment will 
be the greater of the two, and the result will be a 
downward moment about 00 ^ equal to the differ- 
ence between the momenta of weight and buoyancy, 
or equal to half the weight of the ship multipli^ 
by the horizontal dist^oe between the points 
Bj and G^. As before, this 
bending moment must be 
borne hy the structure at 
00,, and be balanced by 
that of the other end of the 
vessel. In this case the 
middle of the vessel tends to 
rise and the ends to droop, 
which would cause the out- 
lines of the vessel to assume 
the form of a hog*s back, 
hence the name of hogging 
moment for the resulting | 

bending tendency. The case of a vessel sagging * 
with its two ends on waves is very similar to 
that of a brid^ supported at its two ends and 
that of a vessd hogdng to a bridge of the canti- 
lever type supportoa at the middle only. All that 
is need^ to determine the sagging and hogging 
moments at 00, is an estimate of the weight and 
centre of gravity of the forward portion of the 
vessel, and of the forward displacement and its 
centre of buoyancy. A ship may meet with a 
variety of waves, but those of its own length 
produce the most severe straining actions. For 
the purpose of calculation it is ususd to assume the 
wave to be of a trochoidal profile and of a height 
equal to one-twentieth its length. As the waves 
are ^tting longer, they become relatively lower, 
and it would to more correct to assume a pro- 
portionally lower wave for the larger ships. 

Bending of Girders. A ship is simply a 
hollow girder, and will bend aeSsuch a structure 
does when loaded. In the bending of a beam, 
as shown by 158, the top fibres of the material 
are stretched and the bottom ones 
compressed, while midway between 
the two there will be some which i 
neither stretch nor contract. The j 

two cross sections, as AjA^ and : 

B,B„ originally parallel, will, there- ' 
fore, when the beam is bent, be 
slightly angled, and A, B, will bo 

longer than A B, while A^B^ will be 

shorter. The bending action is there- 
fore made up of simple tension and 
compression. The tension in the 
upper half of the beam, say from A 
to A,, will produce a moment about 
A, and similarly the compression on 
the lower half will also produce a 
moment about A tending to turn in 
the same direction — namely, that which is opposite 
to the motion of the hands of a watch. The greater 
the tension and compression the greater the 
moments will be. Toother they must be equal 
to that of the weight W multiplied by the dis- 
tance from the section oonsiderea. It will there- 
fore be seen, as might be expected, that the larger 
the bending moment the larger the tension and 
compression will be. A te^ile or compressive 
stress is the tension or compression resprotively 
per square inch of material measured, say, in tons. 




The straining moment at A^A, depends on the 
moment of the section and on the stress on the 
material. If the stresses were of equal magnitude 
over the whole section, then the moment would 
simply be the moment of the area multiplied by 
the stress, but as the stress is increased uniformly 
towards the edges of the beam the moment is the 
product of the moment of inertia 1 of the section of 
the beam at A .A, and the maximum stress p 
divided by its crotanoe y from the point of no 
stress, A. We therefore have the following : 

I X ?*= W X o, 

y 

A I 

This shows that the maximum stress 
on a girder is equal to the 
bending moment (W x o) at 
the point considered multi- 
plied by the distance which 
the highest stressed fibres 
are £rom the point of no 
stress, the whole being 
divid^ by the moment of 
inertia of the cross section 
of the material Exactly the 
same formula holds good in 
the case of a ship. The bending moment may be 
estimated as described above. 

Moments of Inertia of Sections. 

The moment of inertia of the material section 
is estimated as follows. Let 154 represent a 
half cross section of a ship. A horizontal line 
NN, is drawn at about one- third the vessels 
depth above the top of keel. The sectional 
area of each of the individual plates is then de- 
termined and tabulated. Each of these sectional 
areas is then multiplied by the distance of 
its centre of gravity from NN,, and also by the 
square of this distance. All the sectional areas 
of the plates and angles both above and below NN, 
are then added together, while the products of the 
areas and their distances from NN, are added up 
separately for the parts above and below NN , . The 
difference between the two sums of these products re- 
presents the moment of the section 
^ with reference to NN,, and if this 
; be divided by the total sectional 
area the result is the distance of the 
centre of wavity from NN,. It so 
* happens that the horizontal line of 
I no extension or compression passes 
t through the centre of gravity of the 
t. section, and this line xa;,, called the 
neutral axis of the section, may 
therefore be drawn parallel toNN,. 
The moment of inertia I of the section 
is the sum of all the products of the 
areas and the squares of their dis- 
tances from NN, with a deduction of 
154 the product of total area and the 

square of the distance between osr, 
and NN,. The point of maximum stress is the one 
farthest removed from xr,, which in nearly all 
vessels will be at the deck, either at the middle or 
at the side. Its distance from the neutral axis is 
usually designated and the maximum stress is 
therefore, M being the bending moment: 

Elfoct of Dmth of Girder. This 
is a frequently ooourrmg expression in all strength 
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oaloulations. It will be observed that the stress 
at any place will vary as the bending moment 
and inversely as the moment of inertia of the 
section. Furthermore, it will vary as the dis* 
tanoe from the neutral axis. For a given amount 
of material the moment of inertia will be larger 
the deeper the section is. The deeper vessel is 
therefore, other things being equal, the stronger. 
From the fact that the strength depends on the 
moment of inertia it will further be evident that 
it will be advantageous to place as much as possible 
of the material at the top and bottom of the 
structure, leaving only a sufficient amount of 
plating at the side of the vessel to resist the other 
forces acting there. The stress estimated by the 
above form^a is that on on uninjured section of 
material, and if the stress in way of the rivet-holes 
is desired, it is necessary to multiply p by 

the ratio^— ^ where a is the spacing of the 

rivets centre to centre and d their diameter. 


in the same manner as the side of the vessel to 
resist the pressure of water that may accidentally 
have got into one of the holds. 

Value of £xpeHence« From the above 
a rough idea may be gathered as to the nature 
of the strength required in a ship, but it will be 
readily understood that a great many other com- 
plicate straining tendencies are at work in a 
ship when she is at sea, rolling and pitching among 
waves. The effect of these may be more or less 
acurately estimated, but it is in any case usual to 
allow a fair margin for strength for unforeseen 
eventualities. The experience gained by existing 
vessels is of the greatest value in forming a reason- 
able Judgment as to the amount of margin necessary 
to prevent straining under exceptional circumstances. 
It should always be the aim of the designer to ensure 
- the necessary strength with the minimum 
amount of material ; because every ton of 
weight saved in the structure of a vessel 
means a ton more carrying ability. 


Floors, Beams, and Girders. 

Just as the ship is, as a whole, a large 
girder, so all its parts are depend- 
ent for their strength on smaller 
girders. At the bottom of the 
vessel the floors form girders H 
across the ship to carry the cargo 
and resist the pressure of the water. \ 

At the sides of the vessel the frames f f f ~TTTT~TT~! 
form girders from bottom to deck, i I I I I I I I I I ' 
and at the top the beams form cr -p 157 


girders supporting the loads on the 
deck. £acn floor may be looked 
upon as a girder in conjunction with ^ 
part of the shell plating, as shown 
by 155 for a single-bottom vessel 
and by 156 for a ship with an inner 
bottom. It will act as a l>eam 
supported at its ends, in this instance 
the sides of the ship, and it will be 
loaded with the weight of cargo on 
the top and with the ]}re.ssure of the 
water below, as shown by 157. If _ 
these forces are equally distributed 
and of equal magnitudes there will 
be no bending tendency. On the ^ 
other hand, if the weights carried 1 
are in excess of the upward pres- | 
sure, or if the latter is in excess of ! 
the weights, then there will be | / 
bending moments, w'hich must be 
resisted by the floors. The strength 
of these is represented by the 
moment of inertia of the sections 





The ratio between the dend-w'eight carried 
by a vessel and the weight of the ship complete 
is a measure of the efficiency of 
the distribution of the structural 
material. At the present time it 
"I is 2 to 3. but it is a figure which 
has l>een steadily increased, and 
j will continue to be increasetl, as 
T-T-f there are still ample opportimities 
’ ' of improving the structural designs 

of ships. 

Speed of Ships. Speed is 
not a ■|)rimary necessity for a ship 
like stability and strength. At the 
same time, some measure of it is 
absolutely essential in any efficient 
ship. It would always be in the 
owner's interest to have a vessel as 
fast as possible, provided the weight 
of machinery and coal remained the 

\ same. As the speed increases, so 
does, however, also the weight of 
fhe machinery and coal necessary 
to drive her, which means that 
the dead-weight is reduced. It is a 
_ problem for the owner and designer 
to solve to what extent the cargo- 
! carrying capacity of a vessel for a 
t particular trade should be sacrificed 

o for the sake of gaining sjKH^dier 

fl I transit. Where passengers only 
‘ are carried, the dead-weight is not 
so important, and higher speed is 
therefore the rule in such cases. 


shown in 155 and 156, and what w^as said with 
regard to the moment of inertia of the midship 
section of the ship applies equally here — the deeper 
the girder the stronger it will be for the same 
amount of material, because the greater the moment 
of inertia will be. The water pressing against the 
side of a vessel tends to bend the frames inwards. 


although even here the cost of the coal burnt and 
the upkeep of the more powerful engines and boilers 
place a limit to the economical speed. 

Speed of Sailing Veeaele. The 
speed of sailing vessels is an indeterminable quan* 
tity, in so far as it depends on the strength of 
the wind. For the same velocity of wind, the s])eed 


and there is usually no inside pressure tending to 
counterbalance the outside effort. The frames will 
therefore act more or less as a girder fixed at the 
bottom and at the decks and loaded with a pressure 
gradually becoming greater as the draft is in- 
creased [158]. The beams support the loads they 
carry between the pillars and the frames, as indicated 
by 159. The beams of the u])permost deck carry 
a load only momentarily when a w'uve may be 
breaking upon them, but they have to l>e of con- 
siderable strength to resist the effect of such bodies 
of loose w'ater. Water-tight bulkheads are stiffened 


will vary with the amount of sails provided. This 
must, however, be largely governed by considera- 
tions of the size and stability of the vessel. All 
sailing ships are very much alike, and a certain 
amount of sail area is provided in proportion to 
their size, and th^ then sail with what speed 
they may attain, llio fonn of the vessel has some 
influence on the speed, but here, again, the cargo- 
carrying necessity governs this element to a large 
extent. In most sailing vessels the full-bodied 
model which will carry a good dead- weight is more 
profltable than the sharper-formed one conducive 
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to a greater speed. The direction of the wind 
need not necessarily be the direction in which 
the ship moves. In fact, it is unusual for a 
vessel to encounter a steady stem wind, and a 
skilful navigator knows how to utilise a wind 
coming from any direction. A side wind is, as 
a rule, the one that suits him best. Figure 160 
explains how it is that such a beam wind may make 
the vessel go ahead. The wind is represented by the 
arrows, and as it strikes the sails it is deflected, and 
a normal pressure, R, is the result. This pressure 
may be resolved into two forces, one, L, tending to 
move the vessel sideways, and another, F, tending to 
move it forward. The former causes but little motion, 
as it is difficult to move the long ship sideways 
through the water. F, on the other hand, will move 
the vessel forward with considerable speed, as there 
is comparatively little resistance 
to motion in this direction. Most 

fine and swift vessels will sail i 

(quicker with a beam wind than r ^ 

with a stern wind, chiefly because [ i l l k 

their sail arrangement admits of — ' — 

a larger area being utilised in iy j, 

the former instance. Wlien the v 

wind is right aft, the sails on the 
various masts more or less shelter 
those immediately in front of / 

them. / 

Wind Pressure on / 

Sails. The side pressure of 
the wind on the sails is balanced / Xj. 

by a corresponding pressure of / ^ / 

tfce water on the opposite side of / ® / 

the vessel. The former acts as / * ' 

a force ap])lied at the centre of / | / 

gravity of the. entire sail area, 
called the centre of efjhrt | E, f/ " f 

161 and 162], the latter as a 

similar force applied at the cen- 
tre of gravity of the immersed longitudinal 
middle-line plane. This point [L, 161 and 162] is 
called the centre of lateral resistance. These 
two forces, W and P [162J tend to heel the vessel 
until the righting moment of stability has 
iK^come larj^ enough to resist such action. 

The ship will then remain in this incline<l ■ 

position while being driven forward. The // 

heeling moment will be equal to the resist- / - 

ing moment when the product of the 

total wind ])resaure, \V, and the vertical 

distance between the centres of effort and 
lateral resistance is equal to the product 
of the displacement D and the horizontal 
distance hlptween the centres of gravity, G, 
and buoyancy, H. A vessel with a lofty rig or with a 
large sail area will therefore require a greater amount 
of stability than one with low masts or with a small 
sail area. As a wind increases gradually from a 
ludni, the 8 ])eed of a vessel will increase, «but when 
a certain force is reached, she will be heeled over 
to too ^eat an angle, or the masts and rigging will 
be strained too much, and the sail area has to be 
reduced by reefing or by the removal of some of the 
individual sails, and this process will be going on as 
the force of the wind increases, until the vessel may 
be practically without sails. As the wind increases, 
so the effect of the waves, which tend to impede the 


The Speed of Steamers. The speed of 
a steamer is a more definite quantity than that 
of a sailing vessel, as mechanical propulsive power 
of a given magnitude is provided. The earliest 
steamers were, however, provided simply with a 
set of engines, and they obtained such speed as they 
could, as it was then quite impossible to calculate the 
power required to proi>el a vessel through the water 
at a given velocity. As time went on, and ex|)erience 
was gained, it was possible to estimate fairly accu- 
rately from the results obtained with a certain vessel 
and a certain power what the speed would be for a 
similar vessel with a smaller or larger horse-power. 
At the present time an owner having a steamer built 
expects to get not only the speed and horse- power 
guaranteed, but also the amount of coal burnt per 
hour. The sj)eed of an object being forced tlirough 
I the water will naturally depend, 

[ 1 / in the first instance, on the driv- 

ing power, and, in the second 
instance, on the resistance the 
^ — y object offers to the motion. It 
i is the marine engineer’s business 
^ ■ to provide the engine- power, 

' the naval architect has to 

IQ design the ship so that the resist- 

ance to motion is a minimum. 

1 ■ It might be imagined that as 

/ \ water is an easily divided fluid, 

/- — -Hp-T-X it would offer but little resistance 

r . A to the ymssage of a body through 

T -r X ib but the contrary is the case. 

0 resistance of a ship is of two 

\ \ V kinds. Tlie sides and the bottom 

\ ' iimst, in the first instance, be 

I \ rubbed against the water the 

“^ 7 *^ vessel is moving X)ast, much in 

_ same way as an object being , 

^ dragged along on land rubs 

W against the ground, and thereby 

. offers resistance to motion. This is called 
/ the frictimal resistmee of the ship. It 
will d«*])end on the size and character of 
/// the outside siirface of the ship, and on the 
/ // 8 [>ecd. With rough bottoms covered with 

marine growths, the friction is very large, 
41 / but with ordinary clean and well-painted 

m/ bottoms, there is little variation in the 

// frictional resistance. The amount of sur- 

j face and the sy)eed are, therefore, the chief 

t — elements to be considered. It is foimd that 

the resistance varies directly as the wetted 
surface of the vessel and directly as the 
square of the B]>eed. I^t F be the total 
'2 resistance due to friction when the vessel 

is moving at a sy)eed of S knots per hour, C the 
resistancf of I sq. ft. of surface when moving at a 
sjjeed of 1 knot yier hour, and A the wetted surface 
of the vessel. The resistance due to friction is then : 

F = C X A X So. 

Wave-maKing Resistance. In passing 
through the water a ship causes a momentary 
channel to be made. At the bow^ the water is 
parted, and at the stem it again closes in upon 
the vessel. The result of this forcible parting 
is a piling up of the water or the creation of the 
familiar wave at the bow of every vessel going at 
a fair speed. The production of such a wave or series 


progress of the vessel, will increase, with the result 
that the speed is very much reduced. It is, therefore, 
only within narrow limits that the speed of a ship is 
augmented with a higher wind velocity. The highest 
speed that sailing vessels attain for any length of time 
is 12 to 14 knots an hour with favourable winds. 


of waves requires a force of considerable magnitude, 
and it is, therefore, another element of resistance to 
the progress of the vessel. The amount of water 
piled up or the magnitude of the wave-making 
resistance depends largely on the size and form of 
the vessel and on the speed, but is independent of 
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the amount of wetted surface. This part of the 
resistance is a much more difficult one to deal with 
than the part due to friction. It is quite impossible 
to estimate mathematically what the wave-making 
resistance of a ship of given form will be. Generally 
speaking, it will, however, be augmented with an 
increase in the fulness of the form. Let 163 repre- 
sent two water-lines of different ships. The degree 
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of fineness may be measured by the lengths of 
entrance and run or the lengths of the wedge-sha^ied 
ports forward and aft respectively. The relative 
wave-making resistance of the vessels A and B will 
thus depend largely on the relative lengths of their 
entrances e and e^, and of their runs r and r.,. B will 
thus have a much greater resistance than A. The 
length and draught of the vessel, as well as the form 
of the cross-sections, will also have some influence 
on the wave-making resistance. It was seen that 
the frictional resistance depended upon the square 
of the speed. The wave-mating resistance increases, 
on the other hand, more rapidly with an increased 
speed. For moderate speeds up to about 12 knots 
i)er hour the resistance is thus chiefly due to friction, 
but when very high speeds are reached, the wave- 
making resistance b^omes the most imj>ortant. 
For each ship form there is usually a limit to the 
economical speed at which it can be driven. It 
would thus be very expensive to drive a very bluff- 
shaped vessel through the water at a very high rate 
of speed. 

Ezj^rimental Tanks. The resistance of 
ships is now often estimated by ex])eriment8 
on models. When the resistance of one vessel 
is known, it is possible to estimate pretty accu- 
rately what the resistance of another of identical 
form but different dimensions will be. Some of the 
largo shipyards have, therefore, long tanks, where 
they can determine the resistance of models by 
towing them through the waters at certain speeds. 
From the results thus obtained it is possible to 
estimate what the resistance of the full-sized ship 
would be. The models are made of paraffin wax to 
the exact form given by the drawings, hollowed out, 
and trimmed by small weights to float at the re- 
quired draught. They are then fixed to a trolley 
travelling over the tank and towing the model, 
while the exact speed and resistance are being 
simultaneously and automatically recorded. Such 
experimental tanks are very valuable for the deter- 
mination of the horse-power necessary to give a 
vessel the required speed, but they are very expen- 
sive to construct and to operate. It is, therefore, 
only few designers who have such means available 
to assist them in their estimates, and those who 
have not must resort to calculations based upon 
the results of existing vessels, with the particulars 
of which they are familiar. 

Approximate Methods of Determin- 
ing Horse-power. It was seen that the 
frictional resistance varies as the square of the 
spe^ and, also, that it constitutes nearly the 
entire resistance of a ship at the lower vekxsities, 
and the greater part even at the somewhat 
higher speeds. As, moreover, the wave-making 
resistance also varies, more or less, as the square 
of the speed, the whole of the resistance may be 
assumed to vary as the square of the speed, 8, of 


the vessel, particularly where the comparison is only 
applied to cases with small variations in the speed 
further, the frictional resistance varies as the 
amount of the vesseVs wetted surface. For similar 
models the area of the surface will vary as the 
square of the linear dimensions, or as the two-third 
power of a cubical expression (si^, the volume or 
weight of the displacement D). Comparing nearly 

similar ships, this expression may also be taken 
to be a rough measure of the wa ve-making resistance. 
The entire resistance may, therefore, be taken to be 

approximately represented by the product dJ x S®. 
when the resistance of a ship is Known, the force 
to overcome it is known, and the required horse- 
lK)wer can be determined, as it will be the product 
of the resistance and the speed. If I.H.P. is the 
indicated horse-power and C a constant, then : 

I.H.P. = C X D* X S«. 

When the displacement, D, the sjieed, S, and 
indicated horse-power, I.H.P., are known, then C 
can be determined for that particular ship, and as 
long as the variations in size, form, and speed are 
not great, there will be little variation in tne value 
of C. The horse-power required to drive a vessel 
of a slightly different displacement and slightly 
different spe^ is then determined by extracting the 
cube root of the number representing the tons of 
displacement, squaring the result, and multiplving 
it by the sp^ cubed and by the constant, C, as 
determined from the results of previous ships. 

Effect of Size, Speed, and Propellers. 

The above expression for the horse-power shows the 
relative effect of the size and the speed of the vessel. 
For every per cent, increase in the size of the vessel 
as represented by the displacement, only f of 1 per 
cent, increase in horse-power will be required to main- 
tain the original spe^, whereas for every I per 
cent, increase in the speed of a vessel, the power will 
have to be increased 3 per cent., the displacement 
remaining the same. The enormous effect of the 
H])eed or the power required may also be seen from 
the fact that if the displacement is doubled it is only 
necessary to add about 60 per cent, to the horse- 
))ower to maintain the speed, but if the speed is 
doubled, 700 per cent, of an increase is required in 
the |)ower, assuming the displacement to remain 
constant 

The horse-power determined by model tank 
experiments is that required to drive the vessel 
at the desired speed, and considerable addition 
must be made to this to obtain the number of indi- 
cated horse-powers it may be necessary for the 
engines and boilers to develop. The reason for this 
is that a great amount of ])ower is lost between the 
yjressure of the steam in the cylinders and the 
pressure of the propeller blades on the water. This 



waste of power is chiefly due to the friction of the 
machinery in the eylinders, bearings, thrust blocks, 
etc. ; but a larjge amount of power is also lost in 
more or less inefficient churning of the water by the 
propeller. In many cajses as much as double the 
amount of power required to overcome tiie resistance 
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of the vessel must be developed by the engines. It 
will thus be seen that model experiments do not 
solve the entire problem of determining the dimen- 
sions of engines necessary to give the desired speed. 
The horse-power given by the above approxi- 
mate formula is usually that indicated by the engines ; 
so that, although this method is rougher than the 
experimental one, it is more direct. 

Paddle and Screw Propellers. A 
very important factor in the problem of pro- 


pulsion is the 

])ropeller. The 

first type of 

these to be used 

and the simplest 

to imderstand ^ 

is the paddle- ( ^ 

wheel. As 164 V 

shows, it con- 

sists of a wheel 
fitted with floats very much 
like those of a water-wheel. 
One wheel is fitted on 



each side of the vessel, and 
as they are being turned round by 
the engines, the floats will exert a 
pressure on the water they drive 
backwards. It is the return pres- 
sure of this water that sends the 



vessel ahead. The vessel will, however, not move 
forward a distance ecjual to the periphery of the 
wheel for each revolution, as in the case of a 
wheeled vehicle on land. The water will, to a certain 
extent, slip. The 8j)eed of the vessel will thus be 
the number of revolutions multiplied by the ix^ri- 
])hery of the wheel less a certain j^ercentage called 
the wtw, which will vary according to the design of 
both ship and pro])ellcr. 

It will be observed that the floats of the wheel [164] 


smaller percentage. To ensure a high degree of 
efficiency it is essential that the size, form, and pitch 
of the propeller should be properly adjusted to the 
revolutions and power of the engines. 

Steering. All vessels, whether propelled by 
sail or steam, are steered by a rudder, which 
has been of practically the same design through 
many centuries. It consists of a blade, which 
is straight on the fore edge, where it is hinged 
on to the stempost and rounded on the free 
after edge, as shown by 166. It is free to be 
turned through an angle of some SO"", to 40^. 
on either side of the middle-line plane. When 
the rudder blade is thus turned to one side, as shown 
by the plan view [166], it will press on the water 
it comes in contact with as the vessel moves ahead. 
The stream of water which impinges on the blade 
causes, of course, an equal opposite pressure to be 
applied to the rudder, as indicated by the arrow, 
which has the effect of sending the stem of 
the vessel in the same direction, and thus tends 
to turn the ship. Rudder blades are now nearly 
always made of a single steel plate stiffened by 
either wrought iron or cast steel ribs or arms. 

' Difficulties of a Designer. A designer 
has to sec that his ship is floatable, stable, 
strong, 8j)eedy, steerable, etc. He must provide 
the owner with a vessel that will carry a large 
amount of cargo on a small draught, and be 
propelled with a minimum of coal consumption ; but 
in addition to all these primary and unavoidable 
difficulties, he has got to bear all the various 
Clovernmcnt regulations in mind, and design his 
ship so as to be as profitable as possible under the 
more or less arbitrary legal requirements of the 
country where she is to be owned. Ho has to 
arrange his structural details in such a way that 
the tonnage of the vessel is either large or small, 
according to whether the earning of a heavy ton- 


strike the water rather obliquely at the first ^ nage subsidy or the payment of a small harbour due 

touch, and thus cause an unprofitable down- is the more profitable. He must further make sure 

ward pressure in the water. To obviate that the vessel has the legal amount of volume above 

this, all paddle-wheels are now constructed 1^. the water to act as safeguard against foundering, and 

with feathering floats, which cant slightly, must provide sufficient life-saving appliances for 

and are nearly vertical during the whole of / |n and passengers in case the vessel docs founder, 

their passage through the water. As already / In many other ways the designer is hamjwred by 

ex])lained in an earlier article, paddle- L-'- h imposed regulations and conditions, and it is for 

wheels are now used only for river or channel "1 him to effect such compromises as will result in the 

vessels. most efficient and all-round satisfactory ship to 

For all sea-going steamers, screw pro- — ■ -rJ the owner. 

|>ellers are now invariably used, as they are 1 The Trial Trip. When a steamer is built, 

of handier dimensions, and cim be fitted deep \ and has got her engines, boilers, and outfit on 

down in the water, where they are not so \ board, and is in complete working order, she 
likely to be damaged by being struck by \ is taken on what is termed her trial trip. In 

waves. A ship's screw consists of a more or . large passenger vessels with a high guaran- 

less spherical part, called the hnsSy which is . 1 teed speed this is an imfjortant point in 

hollow and fixed on to the shaft. On this her completion : but if she is a cargo tramp 

boss there are two, three, or four warped « ^t usually consists in her making a little 

blades very much like the wings of a wind- pleasure trip with her builders and owners 

mill. Figure 165 shows a propeller with and their friends on board. During the 

three blades. The after sides of these are ^ 5?-^ trip the speed is, as a rule, tried by her 

parts of screw surfaces. The pitch of any ^ steaming parallel to a measured mile 

screw is the distance it moves either forward or marked by posts on the shore. From the time 

back during one complete turn. In the same way she takes to accomplish this distance her speed 

the pitch of a profiler is the distance it would in knots is easily calculated. At the end of 

travel for one revolution if it were moving in a the trial trip the ship is formally handed over 

solid. As water is not a solid, there is usually some to her owners, and it remains for the experience 

slip with this form of propeller, as in the case of the of the next few years to show to what extent h^r 

paddle-wheel. The speed of the vessel will therefore designer has succeeded in producing a staunch 

again be the pitch of the screw multiplied by the and good vessel that will add to his fame and will 

number of revolutions, diminished by a greater or earn a profit for the owners. 


Shipbuilding concluded ; followed by Ship Management 
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FOOD SUPPLY THE PROCESSES OF BREWING 

^ Maltinsf. Hops and Yeast Producinsf, Boilinsf, and Hopping the 

HBEwiNu Wort. Gravity of Beers. Fermenting the Wort Racking and Fining 

c.>iitluiied fruui 60 Mt 


importance of malt in brewing is amply grain. The rootlets should be uniform in colour, 

* recognised, and the brewer cannot take too and not be a mixture of colours. The total number 

great pains to obtain, or make, malt of the highest of bad corns should not be above 3 j^er cent, and 

grade. Malt is the result of checking the natural of these black sheep only a very few should be 

process of germination of any cereal at a particular mouldy corns, for those would ruin the beer, 

moment. In the brewery, barley provides the The extract from the malt should exceed 90 lb. 
only first-class malt, and malt barley must form j)er quarter for best English malts, 
the principal ingredient in any mash. In son:e Hops and Yeast. The third essential in 
breweries a small proportion of prepared maize or brewing is the hop. The brewer buys hops in the 
rice or sugar is used. This substitiit on cannot be oj^en market, and on the judgment of his buyer a 

regarded as an adulteration but is rather employed good deal of the success of the brewery depends, 

to produce a particular tyj)e of beer. For the finest pale ales the new hops, mixed with 

In a few large breweries only is the malt actually a small proportion of the previous year’s crop for 
jnade on the premises, most brewers purchasing the first few weeks of the season, should alone be 
their malt ready made from maltsters. used. For “ dry hopping ’* also, the very best of 

Malting. Malting may be divided into four the new hops should be used, and best Goldings 

sta^s : steeping, couching, flooring, and kilning, and Worcesters are the classes recommended for 

which follow one another in the order given. tliis purpose by experts. 

The grain is shot into a cistern and covered to a Yeast is a microscopic plant which grows very 
depth of about 5 in. with water. All husks that rapidly and, at the same time, converts the sugar 

float are skimmed off, for they are bad and would in the beer into alcohol and carbonic acid, 

eventually contaminate the malt. The grain is Under the microscojie the plant should appear to 
kept under water for from 40 hours to (K) hours consist of a number of round, well-nourished cells, 

until it has swollen up and the process of germina- The cells should bo filled with a clear fluid, and 

tion been thereby started. If a corn when cru.shed should show no signs of granulation. Granulated 
between the finger and thumb breaks up into a cells are old ones which are dying. If there are 

flour or meal fairly readily, the steeping is com- many to be seen in a sample the yeast should be 

plete. If a paste results, the grain is over steejied. rejected. The micrographs (by the courtesy of the 
The next step is couching. The wet grain is British Pure Yeast Co.) show ordinary Burton 
removed from the steeping tanks and piled up yeast [6] and yeast with elongated cells taken 
in heaps called couches. There it remains for from bcier in process of fermentation [6j. In 

from 20 hours to 48 hours, the object being to Burton yeasts it is usual to find a number of oval 

enable it to generate sufficient heat to germinate cells, and as long as these seem fat and well- 
evenly and well. Then the grain is spread out on nourished the yeast is good. If, under the micro- 
the floors of the flooring-rooms and there germina- scope, any rods are seen the yeast will decompose 
tion progresses rapidly, the plumule growing up the beer, for those rods are bacilli giving rise to 
the back of the grain, and little rootlets being put other forms of fermentation which are not wanted 
forth. The maltster continually examines his by the brewer. The age of the yeast is im}X)rtant, 
grain, watching to see how far the acrospire or and it may be held that no yeast should be us^ for 
plumule has progressed. When it is between half hi^-class brewing which is more than a week old. 
way and tliree-quarters up the back of the grain, ProceM of Brewing* We shall now make 
^cording to the fancy of the maltster, germination a trial brew to supplement the information w'hich 
is stopped by the fourth process— namely, kilning. the reader will have gathered from the preceding 
The malt is run on to the floors of the kilns, pages. The first thing necessary is to warm the 

and there it is gradually heated, the operation mash tun. This is done by running steam or 

commencing at almut 90° F. When the moisture hot water into it, and keeping the covers on. 
is nearly all driven off the temperature is gradually While the vessels are being heated the malt 

raised, the exact point reach^ being determined is weighed out, and after being carefully screened 

by the character or the malt desired. is passed through the grist mill. 

Black and brown malts for black beer brewing Now cOmes the question of the stiffness of the 
are literally caramelised on the kilns, while iwile mash. The brewer’s object is to get all the avail- 
malts are only heated to 185° F. During the able extract out of the malt, and to do this it will 

process of kilning a good many of the rootlets generally be found that from two to two and a 

come off and the remainder will be removed by the quarter barrels of water to each quarter of English 
screening which the malt undergoes. malt weighing 336 lb, will give a good workable 

A First-class Malt. Undoubtedly ex- mash. More water makes the mash too thin, and 
perience is the great factor in malt buying, and less would make it so stiff as to greatly increase the 
only after long years can the brewer feel sure that difficulty of working. 

liis opinion is sound. In the first place the malt Our malt is now ground and in the grist case, the 
must be evenly grown. That is to say, that in a mash-tun is warm, and everything is ready. Hot 
sample, the length to which the acrospire has liquor, just under boiling iK)int, is run into the 
grown must be about the same in every individual tun, and the tans are opened. As soon as the 
grain. In very few corns should the husk be temperature at the outfall pipes is the same as at 

pierced, and in very few cases should the growth the inlet, the taps are shut, and the calculated 
not have reached half way up the back of the quantity of water to be used for the mash is run in. 




The lids arc put on, and the whole allowed to stand 
for about half an hour to thoroughly steam the 
interior of the tun. Then the covers are opened, 
and the liquor soon falls to the temperature at 
which mashing is to be effected, which should be 
between 140° F. and 162° F. for pale ales, and 
for black beers between 144° F, and 150° F. 

Mashing and Sparging. The moment the 
liquor is ready the slides of the grist case are 
opened, and the grist run into the mash-tun as 
(|uickly as possible, while the rakes are set going 
at such a siKJod that they will revolve once 
in a minute. As soon as all the grist is in the 
covers are shut, and the rakes kept going for a 
quarter of an hour to ensure the mash being well 
mixed. The temperature of the mash is now taken, 
and after another fifteen minutes a small quantity 
of water at a higher temperature than the mashing 
heat is run into the tun through the underlet 
pipes at the bottom of the tun. Tnis is to bring the 
total heat u]) a little. The rakes are now run three 
limes round the tun, and then the mashing part of 
the process is completed. 

The mash now stands in 
the tun for two hours, when 
** the taps are set,” which 
means that the under taps 
are opened and the hot licjuor, 
which now becomes wort, is 
run off to the under-back, 
where it must be kept at an 
even temperature, or is run 
straight to the cop|>er. The 
s])argers arc now set going, 
and the brewer watches the 
heat of the sparging water 
very carefully, his object 
being to get all the extract 
out of the goods, but to get 
none of the soluble starch 
therefrom. Accordingly, he 
tries to make the sparging 
maintain the heat of the 
goods at about 16r)° to 168°, 
but never to jiermit it to rise to 1()0° nor to fall 
below 162°. The tem})crature8 of sparge W'aters 
necessary to effect this vary according to the 
brewery and its construction, but it is as well 
always to sparge on a certain quantity of really 
hot w'.iter (say, about 170° to 176° first of all), 
to restore the heat to the upper strata of the 
goods which have got cooled during the two hours 
mashing. Then, when the teiniierature begins to 
rise, the heat of the sfiarges must be lowered 
gradually, or the goods will get heated above 
100°, and the wort will contain free starch. 

Difficulties in Mashing and Sparging. 

'Paken all round, about four hours' sparging will 
secure the proper cleansing of the goods, if the 
fi[)puratus is all that can l>e desired, and the s}mrges 
should be graduated carefully, much less being run 
off in the first hoiir than in those succeeding. Mr. 
Southby advises that in the first hour tlmce- quarters 
of a bniTol |)er ijuarter of malt \ised is ample to run 
off, and twice that should be run off in the last hour. 

There arc two great sources of annoyance to 
the brewer at this stage of wbrk. The first is called 
flooding of the goods, which always brings about 
imperfect drainage of the wort, and the second is the 
production of a cloudy wort. Excessive stirring 
will cause flooded goods, and the remedy is obvious. 
If, however, it is found that less stirring in that par- 
ticular tun tends to the formation of balls in the 
goods, then the plant is defective, and either rakes 
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with an increased speed must be fitted, or an outside 
masher added to the brewery. Flooded goods may 
result from the presence of an excess of floury matter 
in the grist. To obviate this, the malt must not be 
ground so finely in the grist mill, and where pure 
malt only is used this always cures the trouble. 

Cloudiness of the wort may be caused by particles 
of the goods being forced through the false bottom 
of the tun. When this is the cast*- on the first setting 
of the taps, and if, later, the wort runs clear, the 
cloud is of little importance, for the cloudy wort can 
be returned to the top of the goods, and the clear 
wort run off to the undcr-back. If the cloudiness 
continues, the plant, again, is defective, and will 
have to be seen to. A cloudiness which sometimes 
makes its appearance at this stage of brewing, and 
is much more serious, may be duo to the use of 
unsound malt, or may be brought about by heating 
the mash too much. In either of these cases the 
wort is practically useless. 

Boiling and Hopping. The brewer has now 
obtained his wort by the recognised English method 
of infusion, and it has either 
l>een run direct to a steam- 
heatid copper, or has been 
collected in the under-back. 

The wort at this stage is 
liable to undergo change, and 
the general principle is to try 
and get it all into the coppers 
as quickly as possible. The 
change, however, is sometimes 
advisable, especially when the 
malts arc deficient in diastatic 
power, and then the brew^er 
allows his wort to ” stew ” a 
little at a temperature of 
160^ to 106°. This can be 
effected either in the under- 
back or in the copper. As 
soon as the wort reaches 106'’’ 
it must be raised to the boiling 
]X)int as quickly as possible 
to stop any further stewing. 
While the wort is boiling in the copper the hops 
are added, the practice in different breweries vary- 
ing. Some add all the hops at once ; others add 
only a {ortion, and keep a quantity of the finest 
hops to be added just before the contents of the 
copi)er are turned out. This last method preserves 
the aroma of the hop very well. 

At whatever period of the boiling the hops 
are added, they must be well pressed dowo into the 
seething wort so as to ensme that they are all woll 
wotted. Any hops that float dry on the surface lose 
their aroma in the steam and do not benefit the 
wort, for at least an hour, and preferably for tw'o 
to two and a half hours, the wort is kept in a(‘tive 
ebullition, second wort requiring a little longer 
than first wort where the coppering is done in two 
stages. Then the contents of the copper are run as 
quickly as possible into the hop back. For a quarter 
of an hour the wort stands in the hop-back to allow 
the sediment to settle, and then it is run off bright 
to the coolers, the hops remaining behind. 

Cooling and Refrigerating. Besides re- 
ducing the temperature of the wort to the right 
point for fermentation to take place, the coolers 
and refrigeratois [4j are essential to complete the 
aeration of the wrort. \\hatever forms of these 
are used, the W'^ort must be reduced to 60° F. in less 
than six hours from the time it leaves the copper, 
or else dangerous changes may take place in 
the wort, and bad beer result. From the coolers 
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the wort nms either to the fermenting vats at 
once, or is drawn off into the collecting vessel, 
there to await the advent of the Excise officers, 
who at this stage come to determine how much duty 
has to be paid by the brewer on the beer he is now 
about to make. 

Specific Gravity of Beer. There are two 
methods of calculating the value of any particular 
beer. One states the beer in terms of pounds per 
barrel, and is based on the following facts It is 
known that a barrel of pure water weighs 360 lb. 
avoirdupois, and consists of 36 gallons. Now take 
a barrel of water, remove one gallon, and the weight 
will be 350 lb. Fill up the vacant siiaoe with a gallon 
of sugar solution weighing 161b., and the total weight 
of the full barrel will be 366 lb. This, being 6 lb. 
in excess of the normal weight of a barrel, would be 
spoken of as a liquor of 6 lb. gravity. This strength 
is determined by means of a saccharometer, an 
instrument which is immersed in the beer or 
wort, and sinks more or less according to the 
gravity of the fluid. The ]X>int to which the in- 
strument sinks is read off and 
that gives at once the gravity 
of the beer in pounds. 

This is not . the method 
adopted by the Excise officers. 

They use a more accurate 
instrument, known as Bates' 

Saccharometer, which is really 
a modified hydrometer ad- 
justed for beers and worts. 

It is graduated on the basis 
of distilled water being of 
the specific gravity 1‘0(X) at 
normal temperature. The 
rending is taken as well as 
the temperature of the liquid. 

If the tem}>erature is above 
or below 60® F., the ojx^rator 
refers to the tables provided 
and makes the correction 
necessary. The depth of the 
fluid in the main collecting 
vessel or tun is taken, and 
the area of the floor of the vessel is known, so 

a simple calculation will tell at once how many 

barrels of wort or of beer are in the tun. 

The Customs make this experiment before fer- 
mentation takes place, and they have adopted a 
gravity of 1*055 as a standard, charging the brewer 
7s. 9d*. for each 36 gallons of beer or stout at that 
gravity which could be made from the wort present, 
after making an allowance of 6 ])er cent, for wastage 
during later stages. 

Fermentation. The temperature at wliich 
the process is started depends on the original 
gravity of the wort. For strong beers 58® is a good 
heat, for ordinaries 60® is the best, while for beers 
which ore expected to be consumed immediately, 
as high a temperature as 63® may be used. 

As the wort is run into the tuns the yeast is mixed 
with it, the process being known as pitting. The 
amount of yeast u^^ain deixjnds on the strength of 
the worts, the quality of the water, and the amount 
of hops used, but varies from 1 lb. per barrel for 
mild ales to 4 lb. for very strong stingoes. 

When the wort, mixed with yeast, is all in the 
tuns, fermentation commences. Gradually a white 
foam rises to the top, and as the process continues 
this foam grows into mountains of froth, which 
eventually break down into an ordinary, thick, 
creamy yeast head, which tells the brewer that 


fermentation is nearly at an end. But he does not 
depend on his eye to know when to stop fermenta- 
tion, or cleanse the beer, as it is called. At least three 
times a day while fermentation is going on samples 
are drawn from the tun and tested with the saocharo- 
meter. At the end of the first day it will be found that 
the gravity of the beer goes down about 1 lb. every 
three or four hours, while the temperature in the 
tun rises 1® or 2® in the same period. If this speed is 
not attained, then the beer must be roum, or 
stirred up, or warm water run through the attem- 
perators. On the other hand, if the beer is getting 
on too fast, the temperature may be reduced by 
running cold water through the attemrorators. 

Cleansing and RacRing. When the beer 
has reached the wavity which the brewer desires, 
he cleanses the beer of yeast either by skimming 
ail the yeast off the top of the tun and returning 
it to the yeast backs, or he runs the beer and 
yeast into large barrels and lets the yeast work 
out of the bungholes, care being taken to keep 
the vessels perfectly full. This is the process 
used at Burton. When the 
beer is cleansed it is run 
into the racking squares and 
allowed to settle for a short 
time, so as to permit the yeast 
in the beer itself to settle, for 
yeast in the cask may cause 
trouble later on. This part of 
the process often takes place 
in the fermenting vat. 

For first-class ales, and for 
export ales, and even for tlie 
best Dublin stouts, brewers 
often have recourse to “dry 
hopping ” — that is to say, that 
a certain quantity of the very 
finest new hops is introduced 
into each barrel through the 
bunghole before the beer is 
run in from the racking 
squares and the casks closed 
with shivoB. For beers which 
are to stand for long, porous 
spiles must be fitted at first or else the head of the 
cask may be blown out. 

Fining. Fining beers is often done in the brewery 
just before the trade casks are sent out ; but fre- 
quently the publican fines his own ales. The finings 
are made of isinglass, and are either white or brown. 
They are generally prepared by working up about 
4 1b. of isinglass in about a hogshead of weak 
acid or sour beer; of either class of finings 
from one pint to two pints to the barrel will 
suffice unless the beer be very stubborn indeed. 
The brewer must discover by experiment what is 
the smallest quantity of finings that will render 
his ules bright, and must not exceed that. 

The prospective brewer should attend a good 
brewery as a pupil for some time so that his eye 
may get trained to ^rceive the tiny indications 
which tell him that ml is going well. If he wish 
to enter into the chemistry of the art he will find 
the “ Laboratory Text Book for Brewers,** by 
Lawrence Briant, an excellent elementary work, and 
for the variations in the processes of brewing, as well 
as for the higher science of his calling, the ** Handbook 
of Practical Brewing,” by E. R. Southby, published 
by the “ Brewing Trade Review,’* of little Trinity 
Lane, E.C., a mosi useful work. To enable the 
brewer to keep abreast of the times, the “ Brewing 
Trade Review ” is one of several useful papers. 


Bbewing concluded ; foUowed by Wines and Cidbus. 



6. OBOWINQ YEAST CELLS IN 
FEBMBNTING BEEB 
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By HERBERT J. ALLPORT. M.A. 


8. The Trigonometrical Ratios. Sup- 
pose an angle of any magnitude A [see note, 
Art. 4 ] to be traced by the revolution of OP 
from the initial position OR. Draw QOQ' at 
right angles to ROR'. Unless the angle A is 
an exact number of right angles, the revolving 
line must take up some position in one of the 
four iptadrania KOQ, QOR', R'OQ', Q'OR. In 
the figure, four different values of A are shown, 
corresponding to the four positions P.>, Pj, 
V, of P. 

Draw PM J_ to OR. Then OM is the jn'o- 
jection of OP on the 
initial line, and MP is 
ecjual to the projection 
of OP on OQ (which 
makes + 90° with the 
initial line). From the 
three quantities, OP and 
its projections, we can 
form aix ratios. These 
ratios are of great im- 
portance in treating of the angle A, and each 



has a separate name. 

(1) The ratio of MP to OP is called the nine 
of the .angle A. 

(2) The ratio of OM to OP is called the 
otsiiie of the angle A. 

(3) The ratio of MP to OM is called the 
tmujent of the angle A. 

The remaining three ratios are formed by 
inverting the first three. Thus, 

(4) The ratio of OP to MP is called the 
amemni of the angle A. 

(5) The ratio of OP to OM is called the 
secant of the angle A. 

(b) The ratio of OM to MP is called the 
cotanfjent of the angle A. 

The oi'der of the letters in the above ratios 
must be carefully noted, since OM and MP 
stand for the projections of OP on OR and OQ 
respectively, and these projections vary in sajn 
accot'ding to the qxaxdrant in which OP lies. For 
example, if A is an angle lying between 5 
right angles and 4- b right angles, the revolvin«jj 
line will be in the second (juadrant, such as OP.„ 
and its projection OM 2 is then Art. 7]. 

The cosine of the angle A is then gp-, t.e., a 


negative quantity, by the algebraic rule of signs. 

The six ratios thus defined are called the 
trigonometrical ratios of the angle A. They 
depend only on the magnitude of A, and not on 
the length of OP. For if OP were taken of a 
different length, the new triangle, OPM, would 
be similar to the old one, and therefore {Prop. 
66) the ratios of the sides would be the same as 
before. 


9. Instead of “sine of the angle A,” etc, we 
speak of sine A, cosine A, and so on ; while, in 
writing them, we abbreviate them into sin A, 
cos A, tan A, cosec A, sec A, and cot A 
respectively. 

10. From the above we see that to obtain 
the ratios of any given angle we take any point 
in either of the arms containing the .angle, and 
draw a perpendicular from that point to the 
other arm, produced if necessfiry. The beginner 
will do well always to try and imagine that the 
arm to which he draws the perpendicular is in 
the position OR of the figure to Art. 8 ; he will 
then have no difficulty in seeing in which quad- 
rant the other arm must lie, and, consequently, 
whether OM and MP are positive or negative. 

11. Note that the ratios of an .angle are mere 
numbers, or fractions. We may therefore have 
any jwirer of a ratio. For example, the third 
power of sin A would be (sin A)^. This is 
always, for convenience, written sin^ A. Again, 
such an expression as cos A . tan B means the 
jiroduct of the cosine of angle A and the tangent 
of angle B. 

12. Relations between the Ratios of 
the same Angle. From the definitions of 
Art. 8 it is evident that 


( 1 ) 


sin A = 


1 _ 

cosec A* 


Similarly, 

(2) cos A = 
and 


1 

sec A* 


(3) tan A = 
Also, 


(4) tan A = 


cot A* 


MP. 

OM 


and, therefore, 


MV 

OV 

93 ' 

OP 


cot A = 


cos A 
sin A* 


s in A , 
cos A * 


By referring to the figure of Art. 8 we have, 
from Pro;?. 34, 

OM-4- MP-= OP2. 


Hence, 


OM^ MP- 

Opi op2 


or, . cos* A 4- sin* A = 1. 

Dividing both sides of this equation by cos* A, 
and using (2) and (4) we get 

1 + tan* A = sec* A. 

Similarly, dividing by sin* A, we get 
cot* A 4- 1 = cosoc* A. 
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18. The five results just proved must be 
committed to memory- namely, 

(1) sin ^ 


(2) cos A = 


cosec A 
sec A’ 


(I^) tail A = 
(4) tim A = 


cot A’ 
sin A 
cos A 
cos A 
sin A 

(5) sin*' A + COS” A = 1 


cot A : 


1 -f tan‘^ A = sec- A 
1 -f cot- A = cosec- A. 

It is genemlly convenient, in proving an 
identity, to express the other ratios in terms of 
I he sine and cosine, by means of these relations. 

Example. Prove that 

c^t' A+Jan B ^ jj 

tan A + cot B 

The expression on the left 
cos A ^ sin B cos A cos B -f sin A sin B 
sin A cos B 
sin A , cos b 


sin A cos B 

sJn A sin B -f cos A cos B 


cos A sin B 
cos A sin B cos A 


cos A sin B 
sin B 


= cot A . tan B. 


cos A =- 


I 


tan- A 


sin A = Vl - COS' 

jj_ 

A 


J "t t an- A 
-f Uin^ A 


tan A 

\^i -f tan- A * 



sin A cos B sin A cos B 
The working of such examples should cause 
no difficulty if the five formuhe are well known, 
and if it is remembered that sin A, etc., are 
nninbei's — i.e,, that the exam[)le is simiile 
anihmeiic, 

14. The five relations between the six trigo- 
nometrical ratios proved in Art. 12 enable us 
to express any five of the ratios in terms of the 
sixth. 

Example. Express the other trigonometrical 
ratios in terms of the tangent. 

From (5) we have 

sec A = + tan"* A 


Now, when A ~ 0®, OP coincides with OR, 
so that MP is zero. Thus, when A is 0°, sin A 
is 0. Again, when A 
= 90®, OP and MP both 
coincide with OQ, which 
is equal to OR. Hence, 
when A is 9)®, sin A 

= =r 1. Also, as A 

contiiiuouahj increases 
from 0® to 90®, t.e., 
jmsses through every 
ja>s.‘<ible value between 0® and 90®, the length 
of MP continuously increases from zero to OP ; 
MP 

so that gp, i.e.f sin A, continuously increases 
from 0 to 1. 

In exactly the same way we see that as A 
continuously increjises from 90® to 180®, sin A 
continuously decreases from 1 to 0. 

Next, as A increases between 180® and 270®, 
the revolving line passes through such j> 08 ition 8 
as OP'. Evidently M'P' is now negative, and 

MT' 

since OP is always positive we have nega- 
tive; i.e., as A incretises continuously between 
180® and 270®, sin A continuously decreases 
from 0 to - 1. 

Similarly, as A continuously increases from 
270® to 860®, sin A continuously iticreases from 
toO. 

Hence, the sine of an angle can never be greater 
than + 1 and never less than-1. 

16. Changes In the Value of cos A. 
Tile student can now verify for liimself that as 
A increases from 0® to 90®, cos A decreases 
from 1 to 0. As A incretises from 90® to 180°, 
cos A decreases from 0 to-1. As A increases 
frcmi 180® to 270° cos A increases from - 1 to 0. 
As A increases from 270° to 360® cos A increases 
fr<»m 0 to 1. 

Hence, the. cosine of an angle can nether be 
greater than -f 1 and never less than - 1. 

17. Changes in the Value of tan A. 

Referring to the figure of Art. 16, when A is 
0®, MP is zero, and OM is equal to OP. There- 


fore tan A, or - 


MP 


OM 


zero. As A 


BO that the 


/. cosec A = ■ 

«in A tan A 

Also, from (3) cot ‘A = , 

tan A 

other five ratios are now expressed in terms of 
Uii A. 

15. Changes in the Magnitude of 

sin A. As A increases from 0° to 360® the 
ma^itude of sin A clianges. Let OR be the 
initial line, and let OP trace out the angle A. 
Suppose ROP is one value of A. Draw PM 

i. to OR. Then sin A = 

01 


between 0® and 90®, MP continuously increases, 

MP 

while OM continuously decreases, hence, „ _ _ 

OM 

continuously increases. When A approaches 
90®, OM iKJcomes infinitely small, until, when A 
MP 

is 90°, becomes OP divided by an in- 

OM 

finitely small quantity, i.e., tan A is an in- 
finitely great quantity. Thus, between 0® and 
90®, tan A increases continuously from 0 
to X. 

Similarly, between 90° and 180®, tan A 
decreases from « to 0. Between 180 and 270°, 
tan A decreases from 0 to - x. Between ^0° 
and 360® tan A increases from - x to 0. 


Continned 
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ITALIAN “•S.lr 

IRREGULAR VERBS 
Third CotU^SAtion — continued 
Past Definite in at 

Aprire, to open 
Ind. Pres. — Apro, apri, apre, etc. 

P<ist Def. — Aprii (apcm), apri {aperae)^ aprirono 
(apcrsero). 

Past Part. — Aperto. 

Assalire, to assault 

Ind. Pres. — AssalgOf aasalisci and aasalu aasalcy 
assaliatno^ assalite, asaallscono and asanlgono. 

Past Def. — Assalii (assalsi)^ assail {cLssalse)^ 
assalirono (assdlsero). 

Sttbj. Pres. — Assidisca and assalga ; third person 
plural, assaliscano and assdlgano. 

Past Part. — AsscUito. 

Benediret to bless 
Ind. Pres. — Benedico^ benedict , etc. 

Jmperf. — Benedicevo and henedivo^ etc. 

Past Def. — Benedissi^ benediccsti, bcncdisse, 

bcnedicemmo, bencdiceste, benedlssero ; and benediit 
benedl^ benedimmo, henediste, benedirono. 
Pres. — Benedica, etc. 

^art. — Benedetto. 

Oerii nd — Benediccndo. 

Coprire» to cover 
Past Part. — Coperto [see aprirej. 

Costruire* to construct 
Ind, Pres. — Costruisco, etc. 

Past Def. — Costrnii, etc. (regular) {costriissi, 
eostrusse^ costrussero). 

Past Part. — Costmito {costruUo). 

Dire (Dicere), to say, to tell 
Ind. Pres . — Dico, diet, dice, diciamo, dite, dicono. 
Imperf. — Dicevo, dieevi, dircxxi, dicevamo, dicpvate, 
dicemno. 

Past Def. — Dissi, dicesti, disat, dicemmo, dicestc, 
dissero. 

Future — Dird, dirai, dird, etc. 


dicxino. 

dic'saero. 

Condit. — Direi, diresti, dirMe, etc. 

Past Part. — DeUo, 

Pres. Part. — (Dieente). 

Oertind — Dicendo. 

letruire, to instruct [see costruire]. 
Maledire, to curse [see benedirc and dtrej. 

OffHre (Offerire), to offer 
Ind. Pres. — Offro, offri, etc. ; (offerisco, offerisci. 
etc.). 

Past Def. — Ofjrii, offristi, etc. ; (offersi, offeree, 
offdrsero). 

Past Part. — Offerto. 


By Francesco de Feo 

Profferire, to offer 

Past Part. — Profferito and profferto [see offerire]. 

Satire, to ascend, to go up 

Ind. Pres. — Salgo, soli, sale, saliamo, salUc, 
salgono (salisco, salisci, etc.). 

Past Def. — Salii, aalisti, sal), etc. {salsi, salse, 
siHsero). 

Subj. Pres. — Saiga, saiga, saiga, saliamo, saliate, 
salgano. 

Imperat. — Soli, saiga, saliamo, salite, salgano. 

Past Part. — Sidiio. 

Scolpire, to engrave 

Ind. Pres. — Scolpisco, etc. 

Past Def. — Scolpii, scolpisti, etc. {sculsi, scuhe, 
sculsero). 

Past Part. — Scolpito {sevlto, scolto). 

Soffrire, to suffer [see offrire]. 

Exercise LV. 

1. Intesi picchiare, aprii, ma non vidi 

2. “ Che Iddio vi benedica,” disse la poveri 

3. Quando il signor N. ritomera in ufficio, gli diro 
che siete venuto. 4. Se mi avesto detto la verita, 
vi avrei perdonato. 5. Gli offrimmo cinqiiecento 
lire, ma non voile accettare. 6. Se non le displace 

il violino di cui le parlai I’altro giorno. 7. Di’ a 
tuo cugino che venga doinani da me, perch^ ho 
da parlargli. 8. Voi non potete cr^ere quanto 
abbia sofferto qiicH’ infelice ! 9. Questo jwjnte fu 

costruito quattrocento anni fa (ago). 

Esercizio di Lettura — continued 

Don Rodrigo era fin allora rimasto tra la rabbia 
e la maraviglia, attonito, non trovando parole ; 
ma, quando sent! intonare una predizione, s'aggiunse 
alia rabbia un lontano e misterioso spavento. 

Afferro rapidamente per ^U'ia quella mano ini- 
nacciosa, e, alzando la voce, per troncar quella 
deir inf^usto profeta-, grido: “escimi di tra’ piedi', 
villano temerario, poltrone incappucciato-. ’ 

OtiocifA v^QKrklA nna} oliiarA an/nitiAf af>rknrk in iin 


tanto tempo, associata Tidea di sofferenza c di 
niiciK^iv, viit;, » complimento, gli cadde ogni 
splrito d’ira e d’entusiasmo, e non gli resto altra 
risoluzione che quella d’ udir tranquillainente cio 
che a don Rodrigo piacesse d’ aggiungere. Onde, 
ritirata placidamente la mano dagli nrtigli del 
gentiluomo, abbassd il capo, e rimase immobile, 
come, al cad^r del vento, nel forte della burrasca, 
un idbero agitato ricompone naturalmente i suoi 
rami, e riceve la grlindine come il ciel la manda. 

Villano rincivilito ® ! ” prosegnl don Rodrigo, 
tu tratti da par tuo^. Ma rinn&zia il sMo'^ che 
ti oopro codeste spalle* di mascuzone", e ti salva 
dalle oarezze che si fanno ai tuoi pari, per insegnar 
loro a parlare. Esci con le tue gaml^, per questa 
volta*' e la vedremo.*’ 
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Cosi dicendo, addito®, con impero aprezzantc, uu 
iiscio*® in f^ccia a qiiello per cui drano entrati ; 
il padre Cristdforo chino il capo, e so n'ando'*, 
laaciando don Rodrigo a misurare, a pussi infurinti, 
il campo di batth.glia. 

Notbs. 1. get out of my way ; 2. you dolt of 
a friar ; 3. tamed boor ; 4. you are acting your 
natural part ; 5. habit ; b. j'our shoulaera ; 

7. scoundrel ; 8. you may go away on your own legs 
this time ; 9. pointed; 10. door; 11. went away. 

PROPOSITIONS 

Subjective Propositions. Subjective pro- 
positions are generally constructed with the con- 
junction and the verb may either be in the 
indicative or the subjunctive mood. Examples : 

DeUe volte awiene die gli uoinini pin 'imcifiei 
prdvocano (or ’provodiino) discordie. It hapjjens 
sometimes that the most }>eaceful men ])rovoke 
dissensions : E diiaro die at'cte (or abhiaie) ragione 
voi^ It is clear that you are riglit. 

But it is a rule to use the subjunctive : 

1. In dependence upon verbs indicating a senti- 
ment or an opinion, as: Mi displace, I am sorry; 
Mi duole, I regret; Mi pare. It seems to me; 
E rneglio. It is better, etc. Exaniphs : Mi 
pare die non ci sia niente aliro da fare, It seems 
to me that there is nothing else to do ; E ineglio 
che abhiate jKirlato cost. It is better that you 
have spoken so ; Mi dispiace die abhiate dowto 
aspettarc, I am sorry that you have been obliged 
to wait. 

2. In de})cndence upon a negative ])roj)osition, or 
a proposition having a negative meaning, as ; Non 
e veto die io t'dbhia detto questo. It is not true 
that I have told you this ; Earamente awiene che 
il dditto resti inipunito. It seldom hap})ens that crime 
remains impunished. 

3. When a fact is represented, not as real or pre- 
sent, but only as possible or future, as : Bisogna 
die ognuno lavori. It is necessary that everyone 
should work ; giusio die gli seolari diligenti 
siano premiaii. It is just that diligent pujnls should 
be rewarded. 

Subjective propositions may also be constructed 
with the infinitive, as ; Molto spesso accade di restare 
{die si resti) disillusi. It very often hap})ens that 
one is disappointed ; A" vietaio furnare {che si fumi). 
Smoking is prohibited ; E necessario pensare {die 
si pensi) alT awenire, It is necessary to think of 
the future. 

Objective Propositions. Objective pro- 
positions, like the subjective, are constructed with 
the conjunction che. We use the indicative when 
a fact is mentioned with certitude or conviction, as: 

Sono eenvinto che la cosa e cost, I am convinced that 
the thing is so ; Dico che il tutto i uguale alia somnm 
delle sue parti, I say that the whole is equal to the 
sum of its parts. 

But when a fact is mentioned as only possible — 
i.e., as an opinion, a doubt, a wish, etc. — the sub- 
junctive or the future of the indicative must be 
used. Exain[)kH : Spero che suo padre sia completa- 
rnente guarito, 1 hoi»e that your father is completely 
cured ; Mi duguro die iutlo ixtda (or andrd) bene, I 
wish that everthing may go well ; Credo che quesla 
volta dhbia detto il vtro, I think that this time he 
has spoken the truth ; Credo die pioverd, I think it 
will rain. 

The subjunctive must also be used when an 
obj^tive proposition depends upon a negative 
or intereogative pro]wsition, as: Non son sicuro 
che egli esegua i miei ordini, I am not nure 


that he executes my orders; Chi crederebbe che 
vi fossero al mondo delle persone simUi ? Who 
would believe that there are such persons in the 
world ? Io non credo che gli abhiate parlato, 1 do not 
believe that you have spoken to him. 

Note. After the verbs temere, to fear ; sospettare, 
to suspect ; badare, to take care ; ditbitare, to doubt, 
it was a rule to use the conjunction che followed 
by non {die non), but modem usage prefers to omit 
the non, in order to avoid ambiguity. Examples : 
Dubito die egli {non) arrivi in tempo, I doubt 
about his arriving in time ; Sospettammo che {non) 
ci volessero ingannare. We susix'cted that they 
i^ished to cheat us. 

But it is common to use che non in the expressions : 
Poco maned die non restassi bruciato, I came within 
very little of being burned ; Poco maned che non mi 
tagliassi nn dito, I very nearly cut my finger. 

Objective propositions are also constructed with 
the infinitive preceded by the preposition di, ns : 
Fi prego di coutinuare, I beg you to continue ; Ilo 
jxjura di prender freddo, I am afraid of catching cold. 

Note. After the verba voHre, pothe, sapere, 
dovere, fare, Insciare, vederc, ndire, sentire, the infini- 
tive is used without preposition, ns : Voglio dire tutto 
qnello die so, I wish to say all I know ; Non so 
■parlare tedesco, 1 cannot ajieak Oerman ; Fecero 
arrestare il ladro, They had the thief arrested. 

After some verbs, as tornnre, cominciarc, aiutare, 
mdtersi, aspirarc, etc, the objective infinitive is 
governed by the preposition a, as : Toma a scrivere. 
He resumes writing; Aiutdtemi a portarc qne^to 
tdvolo. Help me to carry this table ; Comineio a 
caplr meglio, I begin to understand l)etter; hi 
invitamnw a passare uno seitimana con noi. Wo 
invited them to s}>end a week with us. 

When the object is expressed by a noun or pro- 
noun it is often repeated by a pronominal particle, 
which gives more strength to the expression, as : 

Questo lo so, I know this ; Lo sbdglio Vho fatto io, 
I have made the mistake ; La faro io la giustizia, 
I will do justice. 

The partitive object preceding the verb is rcj)eated 
by we, as : Danari non te ne posso dare, I cannot 
give you any money : Di codesti consigli io non ne 
ho hisogno, I have no need of these counsels of yours. 

Note here the meaning of the following expres- 
sions, in which la is used as an indefinite object : 
Egli se la gode. He passes his life in enjoying him- 
self ; SeVe srignata. He has succeeded in getting out 
of it ; Non la vuole intinderc. He does not want to 
understand the reason ; Chi la dura, la vtnee. 
Perseverance always gains its end ; Me la pagherd. 
He shall pay for the trick he has played me. 

The verbs essere and stare, followed by the infini- 
tive jiroceded by the preposition per, indicate a near 
future, as : Egli sta per morire. He is at the point 
of death ; Egli e per uscire. He is on the jioint of 
going out; Eta per venire. He is just now coming. 

Conversazione 

Il suo amico ha parlato con I’avvocato ? 

Lui dice di si, ma io non credo che gli &bbia parlato. 

Se 6 cosl, gli scriverd io direttamente. 

Bisogna che gli scriva silbito, perchd la causa 6 
fissata per giovedi pW)Ssimo. 

Quanto crede che gli debba offrire ? 

Non saprei (I do not know), tutto dipendo dalfim- 
(K>rtanza delfaffare. 

Si tratta di ben poco, ma quando si ha da fare con 
gli avvocati non si sa mai dove si va a finire. 

Questo 6 vero; e se vuole un consiglio da amioo, 
cerchi di venire a un aceordo. 
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Key to ExERasE LIV. 

1. They appeared dressed in so strange a manner 
that we all' began to laugh. 2. We have bought a 
new sewing-machine. 3. The impression that ho 
received jErom seeing the man who had died for him, 
and the man killra by him, was new and un- 
speakable. 4. Give me something to eat, because 
1 am dying of hunger. 5. Your servant must be 


a good man ; I have always heard him praised by 
everyone. 0. I have not succeeded in under- 
standing a word of what he has said. 7. If it does 
not rain we will out too. 8. I never heard 
such a thing ! 9. The buttons of my shirts have 
all come off ; I beg you to sew them better next 
time. 10. I cannot understand why he has not 
yet come. 


Continued 


SPANISH By Amalia de Alberti & H. S. Duncan 


Commercial Letters— -continued 

Loudon. Londres. 

Messrs. Sres 

Malaga. Malaga. 

Dear Sirs, Muy Sres mios, 

I am in receipt of your Ho tenido el gusto de 

esteemed favour of , recibir su apb*« del 

and of the samples of asi como tambien las 
iron ore which you were muestras de mineral de 
good enough to send me. hierro que han tonido 
1 have ti^en good note Yds i bien mandarme. 
of what you say, and am Enterado de cuanto se 
quite prepared to be of sirven Yds decirme estoy 
service to you on the pronto k servir Yds 
recommendation of our dada la recomendacion 
mu tual friends Messrs, que se nos ha hecho de esa 
A.B.C., of Seville. respetable casa por los 

1 have had the samples mutuos amigos los Sres 
of iron ore analysed, and, A.B.C., de ^ villa, 
as you will see from the He hecho analizar las 
enclosed certificate of muestras del mineral de 
analysis, the result is the h ierro cuyo resultado 
same as that obtained on como verdn Yds por el 
your side. It is good certificado de analisis 
mineral, and of a Kind adjunto, concuerda con 
well suited to the re- el practicado en esa. Es 
quirementa of the W’elsh un mineral bueno y su 
ironfounders. close muy A proposita para 

The cost of the analysis estos fundidores de Gales, 
is £1 la, which 1 have El costo del analisis 
debited to your account, asciende d £1 Is. que le 
I readily accept the con- dejo cargado cn cuenta. 
ditions you mention for Son conformes los con- 
the sale of the consign- diciones quo Yd senala 
lucnts of ore, and, as I para la venta de cargo - 
am in constant touch mentos de su mineral y 
with the principal foun- como estoy en continuo 
ders of this country, as contacto con los princi- 
soon as you advise me pales fundidores do este 
that you are in a position pais, tan pronto me aviso 
to make consignments, Yd que est4 en disposicion 
I will attend to the neces- de haoer ombarques, me 
sary contracts and char- ocupar4 de. efectuar los 
tering. contratos y fletamentos 

Awaiting your reply, neoesarios. 

I remain, En la espera de sus 

Yours faithfully, noticias, tengo el gusto 
John Brown. de ofrecerme de Yds a to. 

S.S. q.s.m.b. 

John Brown. 

Barcelona. Barcelona. 

Don John Brown, Don John Brown, 

London. Londres. 

Dear Sir, Muy Sefior ntro, 

We enclose a letter of Aoompaffamosuna carta 
introduction from our de pres^tooion de nues- 
friends Messrs. T. P. tros amigos los Sres T. P. 
Co., of this city, with y Cia de esta plaza con 
whom we have had quienes nos unen buensis 
friendly business rela- relaciones comeroiales y 


tions for many years, amistosas desde hace 
Our object in writing to muchos afios. Nuestro 
you under the auspices objeto al dirigimos hoy 
of our said friends is to 4 Vd bajo los auspicios 
ask if you would be will- de dichos amigos es 
ing to open a credit for para suplicarlo tenga 
our account to the extent a bien decirnos si estaria 
of £5,000 for bills at 60 Yd dispuesto 4 abrirnos 
days in favour of Messrs, un erddito hosta la siima 
A. T. & Go., of New Or- de £6,000 y d favor de los 
leans, for consignments Sres A. T. y Cia de Nueva 
of cotton sent to us here. Orleans, mediante giros 
If you are willing, as a 60 dias vista, contra em- 
we hope you will be, to barques dealgodon a esta, 
undertake this transac* d nuestra consignneion. 
tion, will you kindly let us Si como espera mos, 
know your conaitions. esta Yd dispuesto a 
We have the pleasure admitiresta operacion, le 

to remain, agradeceremos se sirva 

Yours faithfully, decirnos que condicioncs 

habrian de regir. 

Con este motivo nos es 
grato suscribimos de Vd. 
atoe S.S. q.B.m.b. 

London. Londres. 

Messrs. , Sres 

Barcelona. Barcelona. 

Gentlemen, Muy Sres mios, 

I beg to acknowledge Correspondo a su apb*'* 
receipt of yoiu: esteemed del — de cuyo contenido he 
favour of the — , which quedado bien impuesto. 
1 have duly considered. 

Although this firm Aunque esta su casa 
does not usually under- no se ocupa do esa clase 
take business of this kind, de negocios, que por su 
which, from its nature, is indole son ma.s propiog 
more suited to a bank- de casas bancarias, es tal 
ing firm, yet Messrs, la recomendacion c|ue 
T. P. & Co. *8 recommen- nuostros amigos los Sres 
dation of your esteemed T. P. y Cia me han hecho 
firm is of such a nature de su respetable casa, que 
that I have no objection no tengo inconveniente en 
to opening a credit for abrir un cr^dito i>or 
your account to the ex- cuenta do Yds hasta 
tent of £6,000', in favour £5,000, h favor de los 
of Messrs. A. T. & Co. Sres A. T. y Cia de Nueva 
of New Orleans, upon the Orleans, en las condi- 
following conditions : ciones siguientes. 

Messrs. A. T. & Co. Los Sres A. T. y Cia 
will draw on me at 60 giraran & mi cargo 4 
days* sight to the extent 60 dias vista hasta dicha 
of the sum mentioned, 8uma,remitiendoseme los 
sending me the bills of conocimientos de em- 
lading for each consign- barque de oada partida 
ment of cotton on the de algodon en la misma 
same day as they nego- fecha en que se negooien 
tiate the bills. los giros. 

This firm will attend El seguro maritimo lo 
to the marine insurance cubrird esta su casa \x»r 
for your account, and cuenta de Yds y 8 dias 
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eight days before Messrs. 
A. T. & Co.’s bills fall 
due I will draw on you 
at three months at the 
current rate of exchange 
for the amount, plus the 
insurance premium and 
my commission of 1% 
(one per cent.). 1 have 
no doubt that these 
conditions will meet 
with your approval, and 
that our business rela- 
tions will be lasting and 
profitable. 

I remain, 

Yours faithfully, 
John Brown. 


antes del venciiniento do 
los giros, de los Sres 
A. T. y Cia de Nueva 
Orleans, girar^ & cargo de 
Yds y ii 3 meses fecha, 
al cambio corriente, jwr 
su valor m^ la prima del 
soguro y mi comision de 
1% (uno por oiento). No 
dudo que estas condi- 
eiones Ic seriln aceptables 
y eonfiando que nuestras 
relaciones comerciales 
scrjbi duraderas y de 
mucho proveeho me rei- 
tero con este motivo d sus 
ordenes ato S.R. q.s.m.b. 

John Brown. 


IDIOMATIC PHRASES 

Abrir la mono, to take bribes 
Alegrar las luceSy to snuff the candles 
Arnontarse el juicioy to lose presence of mind 
Andnndo d tiempoy in the course of time 
Andar en coplas, to be the talk of the town 
Andar ev dimes y direks^ to wrangle 
Aporrearse en la janUiy to strive in vain 
A puiio cerradOy with might and main 
Armar caballero, to dub a knight 
Armar tin lazOy to set a trap 
Arrintar el hombroy to lend a hand 
A siis anchaSy to l>e at one’s ease 
Bailar el pdadoy to have no money 
Bailar sin son, to be very eager 
Buscur d tientasy to grope 
Buscar citico pies al goto, to ])ick a (piarrel 
Cantar de planoy to make full confe.ssi(jii 
Cebar vn anztido, to bait a fish-hook 
Cenar d oscuras, to be stingy 
Coger la caUfy to run away 
Coger tina liehre, to fall in the mud 
Comer con ganOy to eat with a good apjietile 
Coniados sits alfUercSy to l>e dres.sed in one's l)est 
Contar paparrnckaSy to tell incredible tales; to draw 
the long bow 

Costar un ojoy to be very exf)ensive 

Dar d conocer, to introduce jicoplo to each other 

Bar d pesame, to condole 

Dar d trasUiy to let go to rack and ruin 

Dar en blandoy to succeed easily 

Dar /in, to end 

Dar los dias, to wish many hapyiy returns ” 

Dar mal rato, to cause uneasiness 
Dar una carcajaduy to burst out laughing 
Dar voces, to cry out 
De cmndo am ? since w'hen ? 

De socapa, secretly, under protest 
Dejar entre renglones, to forget to say something 
Dejar d siglo, to become a monk or nun 
Descabezar el sueno, to take a nap; “forty winks’* 
Krhar coche, to set up a carriage 
Ecluir el cuerjx) fwra, to abscond 
Echar la easa jsjr la veninnOy to be wild with de’ight 
El me ha puesto vn hierro, he has put me under a 
deep obligation 
En «c:o, without cause 
Es ciianto ca/>e, it is the last straw 
Eso ni me va ni me vienc, it is not my business 
Estar con cuidadOy to be anxious 
Estar de ver, to l>c worth seeing 
Estar mascando tierra, to be dead and buried 
Estar sin habla, to be speechless 
Hacer cuerpo presenlc, to put in an appearance 


Hacer la ciienta de la vieja, to count up on one’s 
fingers 

Hacerse d tonto, not to take notice 
Hacerse pedazos, to fall to pieces 
Ir chiticaUando, to creep on tip-toe 
Uevarse chasco, to be disappointed 
Mas que le pese, in spite of him 
Meterse d sabio, to pretend know^ledgo 
No poder parar, to be restless 
No poder tragar d alguno, to hate anyone 
No scr cojo ni manco, to be neither lame nor one- 
armed (in no way handicapjied) 

No tencr seso, to have no common-sense 

Pensar en los mvsaranas, to go “ wool gathering ” 

Perdido por una persovuy to be dee])ly in love 

Poner en secOy to change one’s clothes 

Poner gvstOy to show anger in one’s face 

Poner pics en pared, to put one’s foot doivn 

Probar mal la tierra, to prove a climate unsuitahle 

Qticbrarse la calteza, to ])uzzlo one's head 

Quedar sin novedad, to be w^ell 

Qiiejarse de vicio, to complain without cause 

Bt.pararen pvliUos, to take offence at trifles 

Bctenir las orejas, to grate on the ear 

Hamper la vjz, to train the voice 

Sacar la enra fxir otro, to defend another 

Salir d gntas, to have a narrow escape 

Seis anos d csta jxirte, six years to this time 

Her de corona, to be in holy orders 

jS'er muy hombre, to be very manly 

Sin ton y sin son, without rhyme or reason 

Son las ocho en piinto, it is eight precisely 

Teller mndui mosca, to be very rich 

Tocar la diana, to sound the reveille 

Toinar rahia, to get angry 

Volver casacfiy to become a turncoat 

ABBREVIATIONS 


Admit'^'’*" 

Administrador 

Trustee 

Afm-. 

Afecti.simo 

Yours truly (literally, 
most affectionate) 

Agt> 

Agosto 

August 

Apt'‘- 

A})ost61ico 

Apostolic 

Art" 

Articulo 

Article 

Arzbp" 

Arzobis)K> 

Archbishop 

B. L. P. 

Besa los pies 

Kisses your feet (at th • 
close of a letter 
addressed to a lady) 

C. M. B. 

Cuyns manos 
beso 

AVho kisses your hands 
(addre.ssing a gentle- 
man) 

C. P. B. 

Cuyos pies beso 

Who kisses your feet 

t’ap’**- 

Capitulo 

Chapter 

Ciipitan 

Captain 

Comp'- 

Corr^*‘ 

Cora pan ia 

Company 

Corriente 

(Current 

Dicb*^** 

Dicionibre 

December 


Doctor 

Doctor 

E. A. L. 

Estoy a los 

1 am at your disposal 

P. D. V-i 

pies do V'’ 

(I am at your feet) 

En" 

Enero 

January 

Exem" 

Excelcntisimo 

Excellency 

Feb"’ 

Febrero 

February 

Gen’ 

General 

General 

Igla 

Iglesia 

Church 

iftre 

llustre 

Illustrious 

111"*" 

Ilustrisimo 

Most illustrious 

Lbas 

Libras 

Pounds (weight) 

Maj‘«’ 

Majestad 

Majesty 

Novb"^ 

Noviembre 

November 

Ntro 

Nuestro 

Ours 

Obp" 

Obispo 

Bishop 

Oct’’"* 

Octubre 

Octol)er 



IM^MPCIIANTO 



P&gina 

Page 

S'- D« 

Sehor Don 

Mr. 

P.D. 

Posdata 

Postscript 

S.S.M.M. 

Sub Majestades 

Your Majesties 

Pp'*'* 

Proximo pasado 

Ultimo 

y A. A. R. R. y Altezas Reales Royal Highnc 

proc<*«*^ 

Procurador 

Lawyer 

S. S. S. 

Su Seguro ServidorYours very obedi 

Sept'^«* 

Reptiembre 

September 

S. S^^^* 

Su Santidad 

Your Holiness 

Ser***”^ 

Servidor 

Servant 

St»* 

Sehorita 

Miss 

Ser“*“ 

Serenisimo 

Most Serene 

gtiito 

Santisimo 

Most Holy 

Sig^ 

Siguiente 

Following 

gui 

Santo 

Saint 

g«r 

vSeftor 

Sir 

Ten^- 

Teniente 

Lieutenant 

gra 

Sttfiora 

Madam, Ladyship 

V. A. 

Vuestra Alteza 

Your Highness 


Stu'iora Doha 

Mrs. 

V. G. 

Verbigracia 

For example 


Spanish concluded 


ESPERANTO 


By Harald Clegg 


Participial Adjectives 

(Active Voice) 

From all EBpcranto verbs, 
whether transitive or intransitive, 
cointx)und tenses may be formetl 
by means of the various forms of 
the auxiliary e«/», and the par- 
tici])les. 

The auxiliary remains the same 
for each person, the participle 
alone agreeing with the subject in 
number. 

The present parti<5iple (active 
voice) is anta (sing.), aniaj (plural). 

The jiast ]>artieiple (active voice) 
is inta (sing.), intaj (plural). 

The future participle (active 
voice) is onta (sing.), ontaj (plural). 

In order to simplify the expla- 
nation of the participles, both ac- 
tive and passive, one pronoun 
( wi) and one verb (lavi) will be used 
throughout. N ine compound tenses 
can be formed by combination of 
the three active participles with the 
throe tenses of the auxiliary verb. 
(These participles may also be com- 
bined with eJiti, estns and tatu.) 

Mi efttas lavanta^ I am washing ; 
Mi fstas lavinta, I have washed (lit. 
I am having washed) ; Mi eatas 
Invonta, I am about to wash. 

Mi rstis latxitita, I was washing ; 
Mi estis lavinta, I had washed 
(lit. I was having washed) ; Mi 
♦ w/w /ufYmto, I was about to wash. 

Mi estos lavantUf 1 shall be wash- 
ing; Mi cfftos lavinta, I shall have 
washed (lit. I shall be having 
washed); Mi estoa lavonta^ I shall 
be about to wash. 

Mi e»tu8 lavanUit I should be 
washing; Jit estiie lavinta^ I should 
have washed (lit. I should be 
having washed) ; Jit estua lavonta, 

I _1 1 J 1. _ _ 1 A A- 1_ 


uOrV Jiijii; I VUVWlWf 

to be about to wash. 

The participles ore in reality 
adjectives, and when predicated of 
a plural noun or pronoun must take 
the final “j”: Ni eaiaa latfaniaj, 
We ore washing. The participles 
may also be used to qualify directly 


a noun or pronoun, in which case 
they accord with such noun or pro- 
noun both in number and case. 

Example : La tempo pasmta 
neniam rtvenoa ; la iempon venontan 
neniu aukoraii konas (Zamenhof), 
The time passed never will return ; 
the time to come nobody yet knows. 

Careful thought* must be used 
in constructing these compound 
tenses, and the exact meaning of 
the participle in reference to the 
auxiliary must be fully understood. 

When anta is used it indicates 
that the action is still in progress 
at the time indicated by the aux- 
iliary. 

When into, is used it indicates that 
the action was completed at the 
time indicated by the auxiliary. 

When ovta is used it indicates 
that the action is about to take 
place at the time indicated by the 
auxiliary. 

The student should compare 
these remarks with the foregoing 
table of the compound tenses, and 
at the same time note that the 
English auxiliary “ to have ” is 
always rendered by esti, the sole 
auxiliary verb in Esperanto. 

The compound tenses, though 
|ierha|)s appearing a little complex 
to beginners who have so far re- 
marked the extreme simplicity of 
the language, give a precise shade 
to the meaning whicn one wishes 
to render. In practice, neverthe- 
less, whenever the compound 
forms can be dispensed with, the 
simple tenses are used if they ade- 
quately fulfil the requirements 
of the sense to be conveyed. Thus 
the simple mi ktvoa may be used 
to signify I wash, 1 do wash, and 
1 am washing. 

which 

i ore impersonal do 
„L»t require the use of the indefinite 
pronoun as in English. 

Examples : Pluvoa^ It will rain ; 
Eataa tondre. It is thundery ; 
Mi penaaa. Ice netjoa morgafu I 
think it will snow to-morrow. 

The words “ it *’ and there ” 
in “ it is,” “ there is,” “ there 


are,” “ there was,” “ there will 
be,” etc., when used indefinitely, 

oixc; ucvci 

Examples ; Eataa neceae, It is 
necessary ; Eatoa aufire da tempo 
poate. There will be enough time 
later ; Eatia mvJUte da homoj tie. 
There were many people there. 

Other examples of similar 
usage arc ; Sajnaa al mi, ke , , . 
It seems to me that . . . . ; 
Okazoa kunaido. There will be a 
meeting (a meeting will be held) ; 
Se placaa al vi. If you please (If 
it please you). 

Suffixes 

A J denotes something made from, 
or having the quality contained in 
the root word. 

Examples: Bona, good; hona- 
JO, a good thing ; gram, im- 
portant ; gravajo, an important 
thing ; bovo, ox ; hovajo, beef. 

EBL denotes possibility (to 6e, 
not to do). 

Examples : Kredi, to believe ; 
kredehla, credible ; legi, to read ; 
legebla, legible. 

IND denotes worthiness. 

Example : Laiidi, to praise ; 
laAdinda, praiseworthy ; legi, 
to read ; leginda, readable. 

EC denotes an abstract quality. 

Examples ; Varma, w^arm ; 
varmeco, warmness, warmth ; 
fraio, brother, frateco, brother- 
liness. 


Vocabulary 


broa', toish 
bruatychest, 
hTjtast 
bruff, brute, 
pattle 

C'dgren*, disap- 
point, vex 
ren', chain 
defend', defend 
degd\ thaw 
dfon\ drown 

(V. i.) 

tacept", e x - 
cept 


faktur', invoice 
fold', fold 
flam', flame 


froat', frost 
fidm', lightr 
gren', com, 
hajl', hail 
(subst.) 
Idin', bend, in- 
cline 

konaist', con- 
sist 
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kanatant', con- 
stant 
Ian', wool 
melk', milk(v.) 
merit', merit, 
deserve 
ofend', offend 
ofnhrel\ u m - 
brclla 

ordon', order, 
com»iand 
'plac\ public 
square 
pluv', rain 
poUc', police 
polv', dust 
postuV, require, 
demand 
pretend', claim 
jmmp', pump 
(v.t.) 


regn', realm, 
kingdom 
regxU', rule (s.) 
rezuUat', r e - 
suit 

ripoz', repose, 
rest 

ru{l', red 
ruz', trick, ruse 
sahl', sand 
salut', greet, 
salute 
sam', same 
sav', save, rescue 
sen/', feel, per- 
ceive 

soif', thirst 
sol', only, alone 
spir', breathe 
fang', change 
trem', tremble 


Exercise XVI. 

(Note. Translate the coni- 

i )Ound tenses as they api>car in 
English.) 

It blows strongly outside. When 
he had folded (was having folded) 
the invoice and written his address 
on the envelope, he gave both to me. 
What strange weather it is to- 
day ! Sometimes it snows, some- 
times hails, sometimes lightens 


and thunders. One can never be 
certain about it. This chain has 
37 links, each one of (out of) gold. 
He does not like frosty weather, 
and is always hapiy when it com- 
mences to thaw. He was defend- 
ing. They are about to milk. I 
shall have changed (shall be hav- 
ing changed). We are not claim- 
ing. You will have saved. He 
was about to defend. I had offen- 
ded. They will have rested. I 
have ordered. She is breathing. 
Those who are about to die salute 
you. They have offended me. 
They were just going to save her. 
The" villager had milked her cows. 
The ix>liceinan is peacefully sleep- 
ing. I feel as though I am about 
to die. If I had had an umbrella, 
I could have visited you in spite 
of the rain. A gi*ain of dust had 
fallen into her eye. She was trem- 
bling, and could hardly breathe. 
If they luid known the rules, they 
would not have made the same 
error tw’ice. The blind man was 
about to fall into the flames, 
when that courageous |ierson saved 
him. 

Key to Exercise XV. 

Permesu, mi petjis, ke mi 
pasu ! Kia domago ke vi ne 
kaptis la krimulon ! Ciiij bonaj 
urbanoj renkontu min ci tie 

Continued 


morgau por ke ni kune portu 
nian peton al la rego. Akveregoj 
ekfalis de la plafono. Iru rekte 
gis kiam vi atingos la arbaron, 
kaj zorgu por eviti 6iujn vojojn 
kiuj kondukas maldckstren kaj 
dekstren. La penso pri tiu 
mizera avarulo kauzas al mi 
multan doloron. Ricevu, sinjoro, 
miajn plej korajn dankojn. 
Rigardu tiun insektaron. Estu 
paco en la mondo kaj sentina 
bonvolo en la koroj de homoj. 
6i estu tiel. Antau dek du 
jaroj mi fondis tiun ci grupon, 
kaj nun la membraro nombras 
tricent dek kvin. Bone, amiko 
mia, mi vin gratulas. Vi ciam 
sukcesu kiel antauo ! Kiel 
dolce odoras tiuj floroj ! Fajrero 
povas kauzi brulegon. Kvan- 
kam mi ne efektive konas ion 
malbonan pri tiu persono, mi 
tamen malkonfidas al li, sed 
preferas konservi mian propran 
opinion pri li nuntempe. Jen 
estas klubano, kin kolektas 
monerojn. Estas necese ke vi 
lernu parkere la tut an radikaron 
en ci tiuj vortaretoj. La muso 
rampis sur la korpo de la kapro. 
Kolektu (vi) la pinglojn kaj 
enx)aku ilin en la skatoleton. 
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SECTION I. VERBS 

Contracted Verbs. Verbs in a<o, fto, and 
oco arc contracted in the present and imperfect 
tenses. The following are the contracted tenses 
of Tifxdw, I honour ; I love ; and 

I manifest. 

Active Voice 


Present Indicative 


Ti/Jiw (for Ti/uLau) 

<pi\Q 

dyfXC} 

(for rt/xdets) 


hrjXoh 

Ti/JL^ (for Tifidei) 


dyjXoi 

Tifxdror, etc. 

ipiX^op 

drjXovTOP 

rLfidTOv 

^tXetWct 

BrjXr!^ 

rt/jLWfiev 

daXouAnk o. 

Bros' ^ \yj 

TlfMLTe 


^ruat'.y 

rifiCxTi (v) 

0tXo»Vt (fc 

br^(*') 

irut'M 

Imperfect IndiS^ 

trifnap {irifiaov) 

iiplXoVP ^ ' 

' yriXovv 

irLjxat 

^^tXetj V 

^B-fjiXovs 

iripo. 



iripdrov 

i<t»l\uTOP 

idyfXovrov 

iri/jLdrrjp 

itpiXeirriP 

^BmXoirrrjp 

iTlpCi)fJL€P 

i<t>iXovfi€P 

^S^ovfieP 

iTifmrf 

^<fnXtiT€ 

^BTfKHtpre 

iTlfxiap 

i(f>lXovp 

iB^Xok^ 


Present Sub j unctive 


Same 

tffiXw 

Br)\Cj 

as 

<f>iXris 

BrjXois 

Present 

tf>iXy 

OTfXoi 

Indicfitive 

(piXijTOP 

BrjXu)Top 


(PiXrjrop 

BrjXCrrop 


<ltlXw/Ji€P 

BrjXu)/J.iP 


tPiXrjre 

BrjXCijTt 


(plXuMTl 

Present Optative 

BT}Xu)(n 

(rifxaoifii) 

tfuXoifxi 

BtjXoiijli 

rtftys 

dfiXoif 

BtjXoU 

TlfKfi 

tfnXdi 

BTfXoi 

TlfJ^TOP 

tjilXOLTOP 

BrfXotTOP 

TlfKpTriP 

(fuXolTrjp 

BrjXoLTT]v 

TlfUfifXCP 

<fuXoifi€P 

BrjXolfxep 

TlflifiTC 

tfnXoire 

BnXolre 

rifUffep 

tfnXoUp 

Br}XoUp 

or 

or 

or 

Tifupnr {rifiaoirjv) 

(fnXotrjv 

BtfXolrjp 


tfnXolns 

BriXolrit 

rtfu^n 

ipiXolrj 

BrjXolr} 

TlfJufTfTOP 

i/nXolrjTOP 

Br}XolrfTOP 

riiufffrriP 

tpCXoi'firrjv 

B7)X0inT7)V 

rifjuf-qfuev 

TifjufiTfre 

<t>CXolr\lx€P 

BriXoinixtP 

^iXolTjTe 

BtjXoirire 

rifxifrfO’ay 

ifnXol-rjffar 

BrjXoLniffar 








PreaerU Imperative 


rl/jM 

<f>lX€l 

bi^Xov 

riixdrta 

t/nXelru) 

driXoirto 

rifJL&TOP 

^iXeiTOP 

driXovrop 

rifjLdrtop 

4>tX€lTiOP 

ByjXovruyp 

Tip&re 

0tXe<re 

SrjXovre 

rifidrurap or 

ipiXelTUHrap or 

BvXo&rumap or 

TlfA<Jl>PTU)P 

tfuXobpTiap 

BrjXobprwp 


Present Infinitive 

UfMV (rtjbidetj') ^CKuv hrjKovr 

Present Participle 

rifjMV, <4)<ra, Cty <pi\w¥, ou<ra, oOy ^t^Xcov, oOcra, oOu 
Passive ani> Middle 
Present Indicative 


TLpLWp.a.1 

(piXovfiai 

drfXovfiu 

Tipj. 

tp,Xfi 

dv\oi 

Tifidrai 

^fuXtirat 

S^Xovrai 

TipAaBop 

t/nXeiffBop 

Bri\ova6op 

TlfJMCrdoP 

^iXeiffBop 

Brj^ovcBop 

TifnafitBa, 

^iXobjjLcBa 

dnXoi>pL€Ba 

rifiOffBe 

iptXuffBe 

drjXovffBe 

rifAWPTai 

(fuXovPTai 

SrfXoupraL 


Imperfect Indicative 

iTi/JubfxrjP 

iipiXob/xi^p 

ibrfXovfxriP 

iri/jLib 

iifuXov 

cBrjXov 

^rtfiaTo' 

4<piX€iT0 

tdijXouro 

iripJoLffBop 

i4>tX€t<r$op 

ibrjXovffBop 

irifiidaBifP 

itpiXeiirBi^p 

^SrfXobffBriP 

iripubfieBa 

i<tiiXobfi€Ba 

^BTjXobfieBa, 

irifj.a(rB€ 

itpiXeiffBe 

ebrjXovaBe 

iri/MUPTo 

€<fnX0VPT0 

ibrfXouPTO 


Present Subjunctive 

Same 

4nXCjfjxu 


as 

<t»iXv 

B^Xol 

Present 

tftiXrjraL 

Brf^QTai 

Indicative 

</n\rj<rBop 

BriXQaBop 


<t>iXij<rBop 

br}Xu><rBoy 


ifnXfJjjjLfBa. 

drfXibpLcBa 


^iXifffBe 

brjXuKrBf 


<ffC\Cljpra.i. 

bnXwvrai 


Present Optative 

rifinpfiijp 

^iXolfirjP 

dTjXolflTJP 

TifUfiO 

^tXoto 

drjXoio 

rifupTo 

fpiXoiro 

Bti^oiro 

rifjLtpffBop 

<ptXoT<rBop 

BriXotrBop 

rifjupffBrfv 

tfuXolcB-tjp 

dijXoicBriv 

rifu^pL€da 

ipiXolp,€Ba 

dnXoifieBa 

TipLipsOe 

<t>iX<H<rB€ 

SrjXolcrBc 

npuppTO 

tjnXoiPTo 

driXoiPTO 


Present Imperative 

rifiC) {rifidov) 

0(XoD 

drjXov 

rifjidffBu) 

(piXeUrBu) 

BnXoiHTBuj 

ti/jAsBop 

ifuXeiaBop 

SnXovaBop 

Ti/jidaBtap 

ifnXtltrButp 

SrjXobaBwv 

TifjL&ffBe 


BrfXovaBc 

TtudaBwrap or 

^iXeUrBuHrap or 

BnXobsBujffap 

TipLdaBwp 

^XelaBtap 

BfjXoi'HrBufP 


Present Infinitive 

n/Aacr^ac 

ifnXeiffBai 

BnXovaBat 


Present Participle 


rifjutffi^yos, TJi Vt op Siij\oiffi(POSf % op 

Note. A few verbs in aia take 17 for a in their 
contracted forms ; of these the commonest are : 
tddif live ; thirst ; xeu'dw, hunger ; KPduff 


scrape ; ypdu»f rub ; give oracles ; and 

Xpdofiat, use. Thus, to live ; thou 

thirstest ; xp^sdai, to use. 

SECTION 11. SYNTAX 
The Accueative Case 

The accusative always depends on a verb, or 
on a verbal notion in a noun. It may denote : 

1. External object; 2. Internal object (in- 
cluding the accusative of result and the cognate 
accusative ; 3. Aim ; 4. Extent ; 5. Relation 
(including the accusative of the part affected, 
and the limiting accusative). 

1. External Object. This is the ordinary 
use of the accusative, to limit or direct the 
action of the verb — as : toOto TroLovficp^ We do this ; 
il TLarii aov ffitxutKl <re, Thy faith hath saved thee. 

An intransitive verb— -t.c., one whose meaning 
is complete in itself, may be used transitively 
by an extension of its meaning — e.g., \av6dpw, 
I lie hid ; I flee ; <l>6dp<tjf I am first. 

Thus, XavSdpovffi toi>j ^i^Xaicas, They escape the 
notice of the guards ; <t>e&yci t6p Trwripa^ He flees 
from (shuns) his father ; (from <f>edvu}) 

rbv They anticipated the storm ; 6ijlpv/jli 

roift Beobs, I swear by the gods. 

This accusative is frequent in expressions of 
emotion, a verb being understood — as : pt) top 
Ata, Yes, by Zeus ; pA t6p Ala, No, by Zeus ; 
01 *' rbp iiXiop, No, by the sun (I swear). 

2. Internal Object. The accusative repeats 
with more or less modification of meaning the 
idea given by the verb. Under this we have : 

(a) Accusative of Result — as : wyfiopds ipeis. 
You will give pain by speaking (lit. you will 
speak pains) ; fioBpbv C>pv^(y He dug a hole. 
With this may be reckoned the accusative in 
apposition to the whole sentence, denoting the 
result of the action of the verb— as : 'EM^vp 
fcrdpqf/jLsp, Mepe\l(p Xt/mjp TiKpdp, Let us kill Helen, 
(which will be) bitter grief to Menelaus. 

(ft) The Cognate Accujrative, noun and verb 
having a common stem — as : ^ovXds (iovXetkiPy to 
plan plans ; diroanfiacaBai diTXrjp diro<rrdaiPy to 
revolt a double revolt. Under this heading 
comes what is often called the adverbial accu- 
sative, where a noun, pronoun, or adjective is 
u^ed in the accusative case with an adverbial 
meaning — as : xpo^dirti', ostensibly ; Kat/nSv, oppor- 
tunely ; Iblap, in every way ; SUrfp, like ; 

xdpip, for the sake of ; tovtop rbp rpbTWy in this 
way ; t^Xoj, finally ; t 1, in what respect ; irpGrrop^ 
at fii^ ; rb \oit6p, for the rest ; obblp, not at all. 

Under the head of Internal Object must be 
placed the Accvsative Absolute^ usual wdth the 
participles of certain impersonal verbs— as : 
biop^ it being a duty ; i^6p, it being allowed ; 
wpoffijKOP, it being fitting ; dS^aPy it having 
been decided ; fierbr, jrapdp, bwapx^Py Ti%6py 
5€doypIPOPy elptfipApop (though it had been stated). 
K. r. X. Example : (i^bp elpifPiifP Ayeip) wdXefjMP 

alpipreraiy No one (when it is possible to have 
peace) will choose war. 

3. Accusative of Am, or “Terminus ad 
q[uem,^* after verbs of motion. In prose this 
is preceded by a preposition, such as rpbsy ft;, 

to, towards, against, etc. But in poetry 
it is found without a preposition — as : 
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Thou didst go to Thebes (Sophocles) ; xP^la rlt 
ire B€<r<ra\Qy vifiTeiy Some necessity sends 

thee to the land of the Thessalians. 

4. Accusative of Extent, (a) Extent of 

space — as : 5 ’ 17 IlXdraca rCiv (rradlous 

e^dofnjKoyra, Platiea is distant from Thebes 
70 stades, (6) Duration of time — as : V^pas 
fxovy (= from x^w) ^^dofi’ifiKovra, They 

worked at the mound for 70 days. 

5. Accusative of Relation, Respect, Re- 
ference, OR Definition, (a) Of the part 
adected — as : dXyct roh dSdvraSf He has a j)ain in 
his teeth ; ir6da^ ihKm, swift of foot (lit. swift as 
to his feet). (6) Accusative of Limitation, used 
in certain common words, as : fiiyedos (in size), 
dvofia (by name), yivoi, <pi>aiv — e.gf., dia^4p€i t^v 

He differs in nature ; "E\Xi;v^s €t<n rb 7 ^voy, 
They are Greeks by race. 

Double Accusative : 1. After verbs of 

making, thinking, finding, naming, appointing, 
etc.— as : crrpaTTjybv avrbv (dTrobeiKvvfu\ 

He appointed him general. 

2. After verbs of asking, teaching, concealing, 

taking away, clothing, unclothing, reminding, 
depriving, etc. — as: Btj^aiovs jfnyo-av (from 
aHw), They asked the Thebins for money ; 
jjii/j fie raDra, Do not hide this from me ; 

dvafUfivifffKeiv robs *A0rjpaiov y r^v (TVfifiaxtcLPf to 
remind the Athenians of the alliance. 

3. After verbs of doing anything to, or saying 
anything of a person — ^as : dpdv rivd n, to do 
something to someone ; ev Troiety nvd, to benefit 
someone ; 7 rXer<rro KaKd Trfp toXip rrotoOtriVf They 
do the most evils to the state. [Note. eP 
vpdffffuj means ; 1 fare M ell, not I do good to 
someone]. 

SECTION III. TRANSLATION. 

The student has now reached a stage when 
he may profitably begin to read some of the 
Greek authors. For his guidance a list of the 
most commonly read authors i.s here given. 
One or two books of a prose writer should be 
read before any works of the poets are attempted. 

Prose Writers. 1 . Xenophon (b.c, 430- 
354), historian, wrote “ Anabasis,*' “ Hellenics, ” 
“Cyropttidia,” etc. 

2. Thucydides (b.c. 471-400), historian, wrote 
“ History of the War between Athens and 
Sparta," in eight books. 

3. Herodotus, “the father of history” 
(b.c. 484-420), wrote a history of early Greece. 

4. Demosthenes (b.c. 384-322), orator, was the 
author of several magnificent speeches. 

6 . Plato (b.c. 429-^7), philosopher, disciple of 
Socrates, wrote * ‘ The Republic, ” ‘ ‘ The Apologia 
of Socrates,” and several philosophical treatises. 

Poets. 1 . “The Works of Homer,” the great 
epic poem of Greece (compiled B.c. 940-860), 
including the “ Iliad” and the “Odyssey.” 

2. .^scliylus (b.c. 525-456), 1 the great 

3. Sophocles ( ,, 495-405), Y tragedians 

4. Euripides ( ,, 480-406), j of Greece. 

JSschylus wrote “The Seven against Thebes,** 
“The Agamemnon,” “The Persee,*’ “Pro- 
metheus Round,*’ “The Eumenides,” “The 


Choephorie, ” “The Suppliants,” etc. Sophocles 
wrote ‘ ‘ CEdipus Rex, *' ‘ ‘ Antigone, *’ * ‘ Ajax, ” 
“Philoctetes,” “CEdipus Coloneus,” etc. 
Euripides wrote “Medea,” “Bacchw,” 
“Hippolytus,” “ Hercules Furens,” “Iphigenia 
in Tauris,” “Alcestis,” “Electra,” “Andro- 
mache,” “The Cyclops,” “Hecuba,” “Ion,” 
etc. 

6. Aristophanes, comic poet, (b.c. 448-380), 
wrote “The Clouds,” “The Frogs,” “The 
Knights,” “Plutus,” “The Wasps,” “The 
Achamians/’ “The Birds,” “TheEcclesiazusco” 
(“ Women in Parliament ”), etc. 

Xenophon's “Anabasis” is a good book to 
begin on, and after reading some of it the 
student might try a book of Thucydides. He will 
find Thucydides much harder than Xenophon. 
Not until he has read something of these 
authors should he try poetry. The best of 
the poets to begin on is Euripides (say, “The 
Medea”). 

Herodotus and Homer should be left till a 
little later, as they are earlier than the classical 
period, and their Greek is not “classical.” 
.^Eschylus is perhaps the most difficult of tlie 
poets, and to appreciate the works of Plato 
(except the “Apologia Socratis”) the student 
needs some acquaintance with philo 80 f)hy. 
A rough working knowledge of Greek history 
is essential, and Abbott’s “History of Greece” 
(Rivington), in two volumes, is recommended. 
Also the late Prof. Jebb’s “Greek Literature” 
(Macmillan, 1/-) should be procured. 

Students desirous of studying the New 
Testament in Greek are advised to procure one 
of the Gospels in “ White’s Grammar School 
Texts,” published by Longmans, Is. each. 

With regard to English translations of Greek 
author, among the finest are Jowett’s “ Re- 
public of Plato” and “Tliucydides,” .Tebb’.s 
“Sophocles,” Campbell’s “Sophocles” and 
“ iE^hylus” (World’s Classics Series), Butcher 
& Lang's “Odyssey,” and Lang, Myers, & 
Leaf's “Iliad.” The translations in Bohn’s 
series are literal, but hardly inspiring. 

Key 10 Translation (page 6096) 

Indian Rivers 

And at tliat time all the Indian rivers * were 
flowing both great and turbid and with a swift 
current; for it was the season of the year. And 
at this season the waters from heaven are carried 
down in heaps to the Indian land,* and the 
snows of the Caucasus (whence are the sources 
of many of the rivers) increase their water. 
But in winter they become small and clear to 
see and all passable, except, at least, the Indus 
and the Ganges. 

* For “ the Indian rivers ” Greek says either 
ol *lvdQi TTorafiot (the simple and natural order), 
or ol irorrafiol ol ^Moi (as here), or even irorafiol ol 
*Moi'; but not ol irorafiol 'Mo/, for that would 
mean “the rivers (are) Indian.” This latter 
is the predicative use of the adjective, the former 
being the attributive. 
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DEFORE considering tlie solar system in detail, 
^ wo must glance at the methods by which the 
successors of Copernicus ascertained its real move- 
ments and relations. Even after CoiHjrnicus had 
])er8UEded men — not without much opposition — 
that tne earth moved round the sun like the other 
])lanet8, nearly two centuries passed Ijeforc the 
actual laws governing planetary motion wore clearly 
understood. 

The Ftret Astronomers. Tycho Brahe 
(1546—1601), who was the first of the great prac- 
tical astronomers of modern times, made a series 
of wonderful and accurate observations of the stars. 
When we think that he had not the advantage of 
using a tele8co|)e, these observations were remarkably 
exact, and they provided the material on which the 
geniiis of John Kepler worked. Kepler (1571 — 1630), 
who was a pupil of Tycho Brahe, undertook to calcu- 
late from these observations how the planets ought 
to move round the sun in order, at all times, to hold 
the positions in which they were actually found. \Vc 
can nardly realise the many difficulties of this task, 
which Kepler carried out by what is know’n as the 
Method of Trial and Error. That is to say, he had 
the unwearied patience to w'ork out the consecpience 
of every possible law of motion which his fertile 
imagination could suggest. All that he knew for 
certain was that at certain times the various planets 
occupied such and such places in the sky. Ulti- 
mately, by the aid of the jicrsevcrance which 
amounts to genius, he was successful in dis- 
covering the true orbits and law’s under which the 
]>lancts move in them. Tliese laws, known for all 
time by the name of Kepler, are three in number. 

Kepler's Laws of Planetary Motion. 

1. The orbit of each planet is an ellipse, having the 
sun in one focus. 

2. As the planet moves round the sun its radius 
vector descrilH's equal areas in equal times. 

3. The square of the time in which each planet 
('oropletes its orbit is proportional to the culx? of its 
moan distance from the sun. 

These laws cannot be fully understood without 
some acquaintance with mathematics, which, of 
course, is a necessary prelude to all but the ntost 
elementary astronomical work. They may, however, 
be briefly explained for the comprehension of the 
non-mathematical reader. The ngure in the dia- 
gram [7] is an ellipse — what is known in popular 
language as an oval — which is symmetrical about 
the lino AB, known i\s its major axis. It has two 
foci, S and Sx* The fundamental law^ of the 
ellipse is that if we take any point P on it, and join 
this point by a straight line to the tw o foci, then the 
sum of these two lines SP and S,P is always the 
same — SP -f SiP = C. Tliis enables us to draw 
an ellipse in practice by fastening a piece of string 
to S and St with drawing pins, placing a i^cncil in 
the angle SPS,, and running it round, so as to 
keep the string taut. Kepler's first law' means that 
a planet always moves in an orbit of this shai)e, 
each planet describing a different ollii)se. 


The second law is rather less easy to under- 
stand. The raditta lector is the line joining the 
sun to the planet at any moment ; if we suppose 
the sun to he at the focus S, and P to be the planet, 
the radius vector at various positions of the planet 
will be represented by the lines SP, SPi, SPo, 
etc. If the position.^ Flf P etc., represent 
those which the planet occupies after equal periods 
of time — say, once a month — then the sectors of the 
ellipse bounded by each pair of lines, SP and SPj, 
SPj and SPj, will be equal. If a planet were to 
move in a circle round the sun, it is obvicus that this 
law w ould imply that it moved with a uniform speed, 
but since the curvature of the ellipse varies in every 
part of its course, so must the speed of the planet 
in order that its radius vector may describe equal 
areas in equal times. The planet will, in fact, lx* 
moving faster when it is near the sun, as at P, than 
when it is far off ffom the sun, as at P^. 

Kepler's third law shows that there is a definite 
numerical relation between the motions of all the 
planets, and that the time which each of them 
takes to complete its orbit depends upon its 
distance from the sun. We cannot explain in 
an elementary course why this relation should 
assume the particular form given to it in Kepler’s 
law. but the reader must take it for granted 
that this is a necessary consequence of the 
physical laws under which the planets move. 

The Discovery of the Telescope. The 

next great step in the history of astronomy was 
taken when the Italian Galileo (1564 — 1642) dis- 
covered the telescope about the year 1609. There 
is some dispute as to how far the discovery of the 
fact that two lenses placed in a certain relation to 
one another [see Physics, page 2901] would magnify 
distant objects, or bring them apparently nearer to 
the observer, was Galileo’s, but there is no doubt that 
Galileo w'as the first to apply this discovery to the 
study of the stars. His first telescope [8], which was 
about equal in power to the instrument which can 
now’adays be bought at a toy shop for two or three 
shillings, showed him that the moon was another 
world like our own, with mountains and valleys, 
rocks a*d volcanoe.s, plains, and apparently seas 
and rivers — though wo now know that this was a 
mistake. Galileos next discovery with a more 
|)owerful telescope was the existence of countless 
stars which were invisible to the naked eye. The 
Milky Way, for instance, proved to be no mere 
luminous haze, but an assemblage of myriads of 
small stars. The next fruit of the telescope was the 
discovery that the planet Jupiter had satellites — 
four little moons, which were to become important 
as being the first addition mode since history began 
to the numbers of the solar system. Lastly, Galileo 
discovered the wonderful rings which girdle the 
planet Saturn, and the existence of spots on the 
sun. The truth of these discoveries was fiercely 
assailed, and every schoolboy is familiar with the 
story of how Galileo was imprisoned by the Inquisi- 
tion, and forced to recant his belief in the new 
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science of astronomy. But Uic progress of truth 
has never been seriously chockexl by obstacles of 
this kind, and Galileo’s work served as the solid 
foundation of the vast and splendid fabric whi<*h 
has been reared by the labours of his followers. In 
addition to his jnirely astronomical work, he di«l a 
vital service to science by the discovery of the laws 
of motion, for which the student must consult the 
course on Physics [pages 35 and 422]. 

Newton and the Law of Gravitation. 
Tlie discovery of the telescope, in spite of the theo- 
logians, who wanted mankind to ])iit it to their 
blind eye, like Nelson at C/openhagen, soon elimi- 
nated the objections which were still urged to the 
theories of Copernicus and his successors. "Phe 
bounds of the solar system had been enlarged, 
the other planets had been discovered to Ikj worlds 
like our own in miniature, their motions had been 
clearly established, and astronomy had now got the 
length of forming a conception of the whole solar 
system, much as wo see it to-day, 
with the earth taking its place as a ^ ^ ^ 

minor planet and sharing the motions , 
of its fellows. But there wa.s still no / 

apparent reason in Nature for all j 

these wonderful and complex move- • 
menta. Kepler had determined the \ 
hotv of the planetary motions, and it x. 
remained for Sir bsaac New ton ( 1 (>42 — 

1727), one of the greatest names ii 7 kkpt. 
modern science, to ferret out the wln^. 

Newton, who was born in 1642 in a Lincolnshire 
village, showed an early genius for mathematics, 
and was .sent to Cambridge, where he devoted his 
life to this study. Much of his work, w'hich prac- 
tically resulted in the foundation of modern mathe- 
matics, will be found described elsewhere. We have 
here to deal only with the great service that he did 
to astronomy. The proldem of wdiat should make 
the planets move, as Kepler had shown that they 
did, in elliptical orbits round the sun, and hold 
their steady motion without variableness or shadow 
of turning, soon fire.sented itself to his wonderful 
mind as worthy of deep thought. In his own wonis, 
he intended his mind upon this problem for many 
years," and at last he hit upon the solution. I'he 
common story is that it was the sudden fall of an 
ap}»le from one of the trees in the orchard wIh'ic he 
was sitting one summer day, revolving this great 
problem in his mind, that led the truth to dash 
upon Newton, and it is 
quite possible that this 
may be so. It is often a 
.seemingly trivial {iccident 

that leads to a great dis- ^ , 

eovery, just as a solid 

fragment dropf>ed into a >*i»iece 

saturated solution makes it suddenly flash into 
crystals throughout. 

The Action of Gravity. It had long been 
known, of course, that the falling of bodies W'as due to 
their weight or gravity, and that this simply meant 
that they were attracted by the earth. New'ton did 
not discover the existence of gravitation, as is some- 
times erroneously said. What he did was to apply 
the well-known force of gravitation to the worlc of 
keeping the planets in their orbits. The first law 
of motion, which Galileo discovered and Newton 
enunciated as the basis of physical science, asserts 
that a body continues to move always in the same 
straight line unless it is deflected by some external 
force. All bodies which, like the planets, move in 
closed orbits must be continually deflected from a 
straight line by some constantly acting forc*e, 


romiH>tent to keep them moving obediently round 
the centre, or they w ould fly away for ever into the 
remote abysses of space. Newton was the fii*st to 
])erceive that the familiar force of gravitation, 
which brings a atone back to the earth after we have 
flung it away into the air, was also adequate to kee}) 
the planets from travelling on in straight lines. 

I’he rate at which a body falls towards the earth 
is always the same at the same part of the earth's 
surface, though it varies slightly as we go towards 
the poles from the equator Consequently we can 
calculate the distance which a projectile, starting 
with a given velocuty from the earth’s surface, 
will travel before it falls to the ground [.see 
pHvairs]. Such a projectile w’ill reach the earth 
from the highest point of its flight in exactly 
th(‘ same time as if it were allowed to fall 
from that point. But we know that the earth 
is a sphere, and its surface is everywhcio curved 
downwards from the straight line which is drawn 
^ tangentially to it. Sup])ose, now, that 

our projectile is fired along this 
\ X straight line with such a velocity that 
N. \ by the time it has fallen down 10 ft. 

V towards the earth it has reached a 

^ j point where the earth’s surface is 
/ curved 10 ft. downward from the 
direction from which the projectile 
was started. (%{irly, although it has 
7. KKPT.E^'s LAWS falleti fredy under the attraction of 
gravitation, it will be no nearer the 
earth's surface than when it started. By the time 
it has fallen another 10 ft. the earth’s surface will 
still have curved as far away from it, since the 
curvature of the sphere increases exactly at the 
same rate as the speed with w'hich the body falls 
to the ground. 

Thus our imaginary projectile, preserving its 
initial velocity, as it would do if there were no 
atmos])heric resistance to check it, w'ill also pre- 
serve its original distance from the earth, and will 
ultimately come back to the same ]>lace from which 
it started, after eoiiqfleting the circuit of the earth. 
If it is fired with a veloc’ity less than we have 
supposed, it w ill reach the earth sooner or later ; 
if with 0 velocity somewhat greater, it will travel 
.iway from the earth in a gradually widening spiral. 
But if the velmuty is rightly cho.sen, oiu* projecdilc 
will be<*ome a satellite wrpt^tually curding the earth 
at the same distance. It is, of course, imiK>ssible to 
^ try such an experiment, 

even if we could impress 
the necessary velocity 
u])on our ])rojectile — as, 

indeed, in days of modern 

artillery is not outside the 
range of possibility. The 
resistance of the air would entirely upset the 
whole experiment. But the planets, and even our 
satellite, the moon, are far outside the reach of 
such a minor consideration ; they^ move through 
the void of space, which is practically an absolute* 
vacuum and presents no resistance whatever to 
their movement. Newton was led by some such 
train of thought to ask himself whether the fact 
that the moon was constantly falling towards the 
earth and at the same time moving always forward 
with a definite velo<uty, might not suffice to account 
for its continuance in its orbit. 

The Law of the Inveree Square. By 

mathematically working out the consequences of 
Kepler’s laws of planetary motion Newton dis- 
<*overed that these laws im))licd that the force 
which held all the planets moving round the sun 
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must a foivc emanating from the sun and varying 
inversely with the square of the planet’s distance 
from that body. Having made tnis discovery, he 
looked round for a force which acted under these 
conditions, and was capable of producing the 
observed results. It struck him, as we have seen, 
that the well-known force of gravitation might be 
the force required, and he saw that this force would 
be quite able to keep a projectile circling the earth 
if it started with the proper velocity, and the resist- 
ance of the atmosphere could be removed. He then 
proceeded to extend this calculation to the moon. 

Why the Moon Circles the Earth. 
The moon is roughly distant from the earth by 
sixty radii of our planet. Therefore, if the law of 
gravitation is subject to the condition of varying as 
the inverse square of the distance, its intensity at the 
moon would be irirVu of its intensity at the surface 
of the earth. Now ex])eriment has shown that a 
body falling freely on the surface of the earth falls 
about 16 ft. in the first second. Therefore the moon 
ought to fall towards the earth at the rate of ft. 
l)er second. Newton then calculated whether, if the 
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moon fell constantly towards the earth at this raU*, 
its known vclo<Mty would keep it in movement, and 
always at the same distiuiee from the earth, like the 
])roje(dile which we have been considering. His 
calculation apparently came out wrong, and he 
laid the whole c(uestion aside for sixteen years. 

At the end of thali time ho discovered that his 
calculation had been based on an under-estimate of 
the size of the earth. He worked it out again W'ith 
the improved data which w'ere 8Up])lied by a new 
French measurement of the earth^s circumference, 
and he thus found that the great question was 
solved. The bill of the moon tow'ards the earth 
under the infiuenco of gravitation w'as exactly 
sufficient, when compounded with its own velocity, 
to keen it moving for ever in its orbit. New'ton at 
once aevoted himself to this investigation, and 
finally produced the first coherent explanation of 
the planetary motions. They are all subject to the 
law of gravit ition, which is thus enunciated : 

Kvery particle of matter in the universe attracts 
every other particle of matter with a force i>ro- 
portional directly to the moss of each and inversely 
to the square of the distance between them. 
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Universal Gravitation. So far as astro- 
nomers have been able to observe the behaviour 
of matter in the laboratory, in our own solar 
system, or in stellar systems situated so incredibly 
far away that the most powerful telescope is unable 
to show their components and light itself takes 
many years to bridge the abyss by which they are 
divided from the earth, this law has always been 
found to dominate material motions, and it is now 
the fundamental law of mathematical astronomy. 
It enables us to calculate the motions of all the 
bodies in the heavens, with the aid of a few observa- 
tions of their positions at different times. In this 
manner tables of the movements of the moon and 
planets can be prepared for any length of time in 
advance. The “ Nautical Almanac,” which is indis- 
pensable to the navigator, contains such a set of 
tables for the whole year, and the chief business of 
Greenwich Observatory is to prepare this almanac 
for publication years in advance. We shall see else- 
where how these tables enable the sailor to find 
his way across the seas [see Navigation]. The 
method by which they are calculated is very much 
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more complicated than any wc can explain here, 
since none of the planets moves under the simple 
influence of the sun’s gravitation and its own 
velocity, but they are all perturbed by their mutual 
attraction, and complicated elements are thus 
introduced into the calculation of their future 
pliK^es. * 

Celestial Measurements. The diter- 
miiiation of the places held at any particular time 
by the planets and the calculation of their orbit 
fall within the si'Ojx^ of matliematical astronomy. 
This it is quite impossible to teach in a brief course 
like the present, which merely aims at giving the 
student a rational idea of the mechanism oi the 
heavens. But without any but the most ele- 
mentary mathematics it is quite possible to give 
an outline of the principles which are involved in 
celestial measurements and computations. 

In the first place it must t>e understood that 
the astronomer begins by dealing, not with real 
places of the planets and stars, but with their 
apparent projections on the celestial sphere. Wo 
are accustomed to talk in popular language of 
the ” vault ” of the heavens, the ” arch^* of 
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the sky, and so forth. From the earliest 
man has had a notion that the earth was sur- 
rounded by a vast sphere on which the stars 
were fixed for his delight. The crystalline spheres 
of the early astronomers were but the develop- 
ment of this notion, which seems to come naturally 
to us as we look at the night sky. 

As a matter of fact, vro know nowa- 
days that the stars are very far from 
lK?ing symmetrically arranged on the sur- 
face of a sphere wliich has the earth, oi* 
even the sun, in its centre. Instead of ^ 

being ecpiidistant from us, as that hypo- ^ / 
thesis would involve, some of them are 
hundreds of times farther away than 

others^ and they Are airanged in what, so — i 

far as wo know at present, is an entirely 
irregular order. But ever since the 
dawn of astronomy it has been the 
custom to fix the places of both stars 
and planets with reference to this 
imaginary sphere. A little thought will 
make it clear that, if we ignore the 
cpiestion of the distances of the planets , 
and stars from the earth, we can fix their 
places and trace their motions just as 
well if w’e deal with their projections on 
a va^st imaginary sphere as if we dealt 
with the actual bodies themselves. This 
imaginary sphere is supposed to have the 
earth in its centre, and the regions into 
which it is map]x*d out for convenience I 

of reference correspond with the divisions | 

of terrestrial geography [lOJ. 

Measurements on the Celestial 11. si 

Sphere. The pair of globes which used d 

to form part of the furniture of every 
girls' boarding school ha\'e unfortunately gone out 
of use, and it is very rarely that an astronomical 
glol)e is nowadays seen. Vet a great deal of this 
part of astronomy can l>e learnt in five minutes by 
studying such a gIol>e, which otherwise takes a long 
while to de.scril>e. Tlie student may, however, take 
the ordinary geographical glola? and apply to it all 
that we are saying about the imaginary sphere of 
the heavens. It is well known , 

that the position of any ~ 

place on the earth can be ^ 

fixed absolutely by means of 
two, and only tw’o, measure- ^ y 
ments. These are called in < ^ / 

geography Intiiiuh and hmii- ^ j 

iudt. The former gives the ft 

angular distance of a town — 

from the equator, and the ("j f — j- 

latter its distance from a o — ^ — u — L — - — ^ 

fixed meridian, which in I 1 1 I 

p]nglish geography is that of VZl-— V 

the Royal Observatory at Jv— A — \ \IZI- 

(ireenw’ich. A moment’s ^ \ - 

thought will make it clear 

thut there cun only t)e one 

j)lace corresponding to any ^ 

given latitude and longitude. 

Sleasuremcnts of the appa- 
rent ])laee of a star or ]»lanet 

are made in exactly the 12. STELLAR 

same w'ay. 

The imaginary celestial sphere jlO] is divided, 
like the geographical globe, by great circles or mcri- 
diansy each of which passes through its two •pdes, 
'J'hese jjoles are situated where the axis of the earth, 
if indefinitely prolonged in both directions, would 
intersect the celestial Hjjhere, and so they occupy 
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the zenith of the terrestrial poles — “ zenith ” being 
the astronomical term for the point vertically above 
the observer’s standpoint. Every circle drawn 
on the celestial sphere which passes through its 
poles must be a great circle [see Mathematics], 
whkdi is the largest circle that can possibly be drawn 
on the surface of such a sphere ; and all 

J great circles are equal to one another. 

U’he celestial ex}iuUor is a great circle drawn 
round the imaginary sphere midway 
between the poles, and it, of coimse, is 
^ situated where the plane of the earth’s 
M equator, if indefinitely jirolonged, would 
intersect the celestial 8])here [9J. 

^ The Meridian. All these imaginary 

1 points and lines are definitely fixed in the 

sky with relation to the earth. But every 
place on the surface of the earth has its 
own celestial meridian, whicdi is a great 
circle drawn on the celestial sphere through 
the poles and the horizontal points which 
lie due north and south of the oliserving 
station. The rotation of the earth causes 
this meridian to make a complete revolu- 
tion of the sky in twenty-four hours. 
In the course of this revolution it passes 
over every visible star ; butforeonvenien(^e 
we usually speak of these stars as cross- 
ing the meridian, which we consider to be 
fixed as it ap|)oars to our senses, though, 
of course, this is only a way of speaking, 
and no astronomer forgets for a moment 
I that the reality is just the reverse of the 
- ~ ^ apparent fact. If we are going to set uj) 
REAL an astronomical observatory, the first 
K thing that we have to do is to determine 

the exact position of its ])roper merklian 
— or, in other words, to mark the ])()int due south 
of it. The next thing is to determine its terrestrial 
latitude. 

The latitude of a ])la(T on the earth is measured 
by the number of degrees l)c*twet*n it and the 
equator. As the qu/idrnnty or quarter of the great, 
circle or meridian interccj»ted between the poles and 
the equator, measures 110”, w’e can, if we like, 
^ express the position of our 

> station with equal accuracy 
by measuring its polar dix- 
tancCy wdiich is obtained by 
subtracting the latitude 
from 90° ; it is merely a 
(piestion of convenience 
whi(ih measurement we use 
^ 19). Bearing in mind that the 
celestial sphere is Him|>ly a 
> reproduction of the terres- 

trial sphere on a larger scale, 
'■ we shall see that the point 
on the celestial sjdicrc which 
is the zenith of our stand- 
])oint has the same relation 
to the celestial pole and 
eipiator as the observing 
station has to the terrestrial 
ones. Talking of the zenith 
introduces us to another 
SASUREMENTS very important great circle 

on the celestial sphere — that 
of the horizon. The horizon, in popular language, 
is the limit of our vision at any particular yilace. 
But the astronomical horizon is more exactly 

defined as a great circle distant f)0° from the zenith. 
If we are at sea, or on one of the fiats of the 
Fen district, or a similar plain, the apparent 
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horizon and the Astronomical horizon i)rnctically 
coincide. 

Determining Celestial Altitudes. A 

glance at the diagram [9] will now bring out 
some interesting relations between these various 
points and cirmes on the celestial sphere. The 
altitude of any point in the heavens is measured by 
its distance in degrees from the horizon, and its 
zenith distance by the number of degrees between 
it and the zenith ; the altitude, of course, can always 
be obtained by subtracting the zenith distance from 
90®. When we are observing the altitude of any 
star, we usually find that it varies according to the 
time when we look at it. There is one exception to 
this rule, and that is the Pole Star, which seems to 
the naked eye always to be at the same 
altitude. Asa matter of fact, its altitude does 
vary slightly, since it does not occupy the exact 
celestial pole, but makes a very small circle 
round it. The celestial pole is the one point 
in the sky which always remains at the same 
altitude. Evidently it must do so, because it 
is the end of the axis on which the real rota- 
tion of the earth and the apparent revolution 
of the celestial sphere are pm'^ormed. 

The actual north celestial pole is not marked 
by any star, but it is easy to find, because it is 
the centre of the circles 
which all the stars 
ax)pear to describe in 
twenty-four hours. Its 
altitude is found in yirac- 
tice by measuring the 
. latitude of any con- 
venient circumpolar star 
when it crosses the 
meridian above and be- 
low the pole, and the 
average or mean of these 
two altitudes will ob- 
viously give the altitude 
of the polo. A glance at 
the diagram will make 
it clear that the altitude 
of the pole at any yiar- 
.ticular place must bo 
exactly equal to the 
latitude of that ]>lace. 

Thus, at the north j)olo 
of the earth the alti- 
tude of the celestial 
I)ole is 90® ; in other 
words, it coincides with 
the zenith ; at the 
equator the altitude of 
the celestial polo is 
zero, and thus it lies on 
the horizon. As we go 
north from the touator 
the north celestial polo 
gradually comes into sight, and rises higher in 
the sky ; . at London its altitude is about 61 A®. 

Stellar Measurements. Two measures, ns 
we have seen, are enough to fix a place on the earth's 
surface, and they will similarly fix the position of a 
star in the sky. There are various ways in which 
these measures may be taken. We might measure 
the altitude of a star at the moment when it crosses 
the meridian to the south of the pole, and the time 
at which it crosses the meridian. We might 
measure the distance of the star from the celestial 
equator, and its distance from any fixed point on 
that equator, and thus determine its celestial 
latitude and longitude. We might measure its 
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distance from the zenith, or its altitude, and its 
distance from a fixed point on the horizon, whicdi 
is known as its azimuth when measured from the 
south point. 

This would be an inconvenient system, because 
such measurements would be continually chang- 
ing with the diurnal rotation, whereas the ‘angular 
distances of an object from the celestial pole 
and from a fixed point on the celestial equator 
are constant. 

Right Ascension and Declination. 

The measurements by which an astronomer usually 
fixes the place of any star arc known as its dedinn- 
tion and its right ascension [121. The declination of 
a star is its distance in degrees north or south of 
the celestial equator ; for convenience it is 
always written with the sign + if north, and 
— if south of the equator. Declination cor- 
responds precisely with the latitude of a place 
on the earth, as right ascension does with its 
longitude, but the words latitude and longitude 
in astronomy are a])X)lied to entirely different 
sets of measurements — which is rather incon- 
venient but cannot be helped. 

The right ascension of a star is the angular 
distance between the great circle passing 
through that star and the i>ole, and another 
great circle passing 
through the pole and a 
fixed point on the celes- 
tial cijuator which is 
known as the vernal 
equinox. Eight ascen- 
sion is always reckoned 
from the equinox, whicJi 
is zero, completely round 
the eqtiator, which is 
divided into 360®. As 
the celestial sphere ap- 
|)arently makes one 
comi>lete revolution in 
24 hours, the meridian 
will pass over 15® of the 
celestial equator in every 
liour. It is usual, for 
convenience, to reckon 
right ascension not in 
degrees, but in hours, 
minutes and seconds. 
One hour is equal to 
16®, one minute of time 
to 15 minutes of angular 
measurement, and one 
second of time to 15 
seconds of angular 
measurement — thus cx - 
pressed in symbols : 

I hr. ---=15®, 1 min. =15 , 
1 SCO. =15\ As the posi- 
tion of a jilace on the 
earth is given by saying that it is situated in 
latitude 51° 30', longitude 0°, so the position of 
a star like Sirius is given by saying that its right 
ascension is 6 h. 40 m. 42 sec., and its declination is 
Ifi® 35'. 

There is used in practice a very convenient 
method of determining the right ascension of any 
star. If we know the time at which the imaginary 
point on the celestial equator known as the vernal 
equinox crosses the meridian of our observing 
station, and then observe the time at which the 
given star crosses that meridian, the interval of 
time between these two events will always give the 
right ascension of the star. Similarly the declination 
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of a star can easily be found by measuring its 
north polar distance^ or the number of degrees 
which divide it from the north celestial pole. If 
this distance be loss than 90°, the declination of 
the star is got by subtracting it from 90°; if it be 
greater, the declination is obtained by subtracting 
90° from the north polar distance and prefixing a 


which it crosses the meridian : the hour then shown 
on the sidereal clock will give its right ascension. 

The Ecliptic. There is one othei* great cirtjle 
of the celestial sphere which is of importance. This 
is the ecliptic, or great circle in which the sun appears 
to travel [see 10]. It is really, of cour8t% the circle 
in which the plane of the earth's orbit intersects 


minus sign. 

The Measure- 
ment of Time. Astro- 
nomy, as we have seen, in- 
troduces us to a measure- 
ment of time which differs 
somewhat from that in 
ordinary use. The oi'di- 
nary day of twenty-four 
hours is simply the {)eriod 
in which the earth com- 
jiletes one revolution, as 
measured by the a])pa- 
rent movement of the 
sun. But since this motion 
is not <juite uniform, the 
real solar day differs in 
length by nearly a minute 
at different times of the 
year. There is no such 
difference in the )'*eriod of 
the carth'.s rotation, which 
is the most absolutely 
uniform measure of time 
that we know. We ust* 
consecpiently what is 
called mean solar timt’, 
which is a measure of 
this rotation. But we 
have already seen that 
the earth completes its 
ap])arent revolution in 
rather less than a day — to 
be exact, in 23 hours 5G 
minutes 4*09 seconds. This 
sidereal day is the interval 
of time whicli elap.ses 
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the celestial 8])here. The 
poles of the ecliptic are 
the two i>oints 90° distant 
from it. The ancient 
astronomers usually de- 
fined the places of the 
heavenly bexlies by their 
celestial latitude and 
longitude^ measured re- 
sj^ectiv'ely north or south 
of the ecliptic, and along 
the ecli))tic from the 
vernal eejuinox. These 
measurements have now- 
adays given ])lace to the 
more convenient system 
of right ascension and 
declination. 

The Transit 
Telescope. Wc now 

come to (‘onsider the 
instruments by means of 
which astronomers mea- 
sure the ])osition of tht‘ 
stars and }>lanets. The 
telescope is an essential 
adjunct to this work, but 
it is not used in this 
instance to magnify the 
celestial object, as is the 
v.aso in other branches of 
astronomical work, but 
sinn^Iy to define its posi- 
lion with the greatest 
possible accuracy. Before 
the teloscojK* was in- 
vcntcvl astronomers could 


l>etweeii tvro succe.ssive passages of the same star only determine the a])parent position of a star by 

across the meridian of a place. It is easy to under- pointing a straightedge t<» it as nearly as possible, 

stand the difference between the solar and the They achieved a wonderful degree of atiouraey with 

sidereal day when we notice that it amounts to the instruments mafh* on this principle, but it was 

exactly om^ day in a year, 'file sidereal day is only the invention of the tcles( 7 opt‘ wbieli rendered 

jneasured by the rotation |)erifKl of the earth. *Biit possible the achievements of modern astronomy, 

the earth not merely rotates, it also revolves round The telescope is now' used by astronomers in exaetiy 

the sun in a yearly orbit. In the course of this the same way as the surveyor uses the theodo- 

revolution it completes one additional rotation lite — in order to give y>rc(usion in getting the exact 

on its own axis, rherefore the earth direction of the object. The held of the 

makes /^dy about 3(>r>| rotations in a I telescope used for this purpose is 

year with regard to the sun, whilst it I \ divided into a numl>er of })arts by the 

with regard to the stars. / I \ finest possible threads of Ht)ider’K web. 

This is wdiy the sidereal day is shorter / i \ which are arranged so that two of 

than the solar day by about part. — \ them intersect in the exact centre of 

The Astronomer*s Clock. I / tJ'c tield [15]. When the image of the 

One of the most essential pieces of \ / star or jdan 't is made exactly to coincide 

apparatus in an observ'atory is a clock \ / with this intersi'ction, we are sure that 

set to kee]) sidereal — not solar — time, the tele8no|ie is yminting absolutely to 

and so regulated that it points to \ its apparent plac^c. 

0 h. 0 m 0 secs, at the moment when 16. .y TELESCOPIC 'i'hc transit instrument [13], which is 

tlie vernal equinox crosses the meridian. FIELD the one chiefly used for the dclermina- 

1 his clwk fll] IS always divided into tion of stellar places, consists of such a 

twenty- four hours, to avoid the inconvenience of telescope with a lens 10 in. or 12 in. in diameter, 
having to say morning or afternoon. For the same It is fixed up on the diameter of a large circle, 

reason astronomers divide the solar day into twenty. known as i\\ei transit cireje^ whose circumfertmee 

to^ hours, beginning at noon so that the hours after is divided into 360° and their fractions. This transit 

niidnight arc known as 13, 14 etc. With the aid instrument is set up in the observatory so that the 

of thi^ clock the right ascension of any star can be plane of it« circle coincides wdth the plane of the meri- 
immediately found by observing the instant at dian. The telescope is mounted on a horizontal 
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axis, so that it is free to swing up and do^^n iq 
this vertical plane, but cannot move out of it. The 
central thread in its field is so adjusted that it 
precisely coincides with the meridian, however the 
instrument may be turned on its axis. The greatest 
precautions are taken to insure absolute rigidity 
in the mounting of a transit instrument, which 
is usually placed on a very massive block of 
masonry so as not to be affected by local tremors 
of the earth. 

Finding Stellar Places, When it is 
desired to observe the meridian passage of a star, 
the telescope is turned by means of the graduated 
circle to the known altitude at which the star 
culminates. The sidereal clock stands also beside 
the transit instrument, beating seconds very 
audibly. When the star is almost due, the observer 
begins to count the seconds from the beginning of the 
last minute. As it flashes into the field of his tele- 
scope, and hastens across the threads, he estimates the 
exact moment at which it crosses each of them, 
usually five or seven in number, and by taking the 
average of all these readings he gets the precise instant 
at which the star has crossed the central thread, 
or the meridian. In modern practice the electric 
chronograph is called to the astronomer's assistance, 
and by merely pressing a button as the star crosses 
each wire the time is registered with greater accuracy 
than was possible under the old method. The time 
of meridian passage, when various minute corrections 
for the error of the clock, the observer’s ixjrsonal 
equation, and so forth have been applied to it, 
gives the right ascension 
of that star. 

The transit instrument 
can also be used to mea- 
sure the declination of a 
star. As a matter of 
convenience, what is 
measured is not the star’s 
actual declination, but its 
zenith distance. The field 
of the telescojH? contains 
a horizontal spider line 
[15 AB] as well as the 
vertical ones used in re- 
cording transits. This line 
is movable by a screw. 

When the star whose 
declination it is desired to 
observe is approaching 
the meridian, the tele- 
scoiK) of the transit 
instrument is pointed as 
nearly as possible to its 
place, and as the star 
rushes across the field of 
the tcle8co]X) this horizon- 
tal lino is adjusted so that 
it bisects the imago of the 
star just as it crosses the 
meridian. By means of the graduated circle attached 
to the telescope the angular distance between the 
star and the zenith can then be measured 
accurately, and if we know tne latitude of the 
observing place it is a simple calculation to find 
the star^ declination [15J. There are many other 
forms of instrument, all consisting of a tclescoix^ in 
conjunction with some means of measuring its 
changes in direction, which will bo found fully 
dcs(5ribed in such a textbook as Air. G. F. 
Chambers’s “ Astronomy.** 

The Telescope. The telescope is an essential 
part of most astronomical instruments, and must be 


briefly described, though for fuller details the student 
is recommended to consult the course on Optics and 
page 6126. The telescope has two functions in astro- 
nomy. One is to enlarge celestial objects by collect- 
ing into one focus the rays received on its lens or 
mirror. The other is to ascertain the exact place 
of a stellar object by enabling us to bo sure that 
our instrument is pointed exactly towards it. The 
former function of the telescope is chiefly employed 
in studying the moon, sun, and planets, and the 
latter in studying the stars. Telescopes are of two 
kinds, reflecting and refracting. The former brings the 
rays of light to a focus by means of a concave mirror, 
the latter by means of a convex lens. Galileo’s 
original telescope was a refractor, and the most 
powerful modem telescopes are built on these lines. 

The Achromatic Refracting Tele= 
scope. The reflecting telescope was introduced by 
Sir Isaac Newton on account of the great difficulty 
which existed in his day in obtaining large discs 
of glass sufficiently pure and homogeneous to 
form the lenses of large telesco|)es. This difficulty 
has now been practically overcome, and lenses 
as large as 4 ft. in diameter can be constructed 
-with great accuracy. The lens, however, has an 
essential im]ierfection from which the concave mirror 
is free. Ordinary light consists of a great many 
rays of different colours and of different degrees of 
refrangibility. The concave mirror brings these 
all to a focus at the same point, whereas the glass 
lens does not, and consequently the early refracting 
telescopes gave blurred images, which became 
less distinct as the lenses 
were made larger, and th? 
distances through which 
the different rays were 
deflected increased. 

This difficulty has been 
largely obviated since 
Dollond’s discovery of 
the achromatic lens, which 
^'s made up of two lenses 
of different kinds of glass. 
The modern refracting 
telescopes give images 
almost as clear as the 
reflecting telescopes, and 
they have practically 
superseded the latter. 
For all purposes of 
mathematical astronomy, 
which deals with the 
motion of the planets 
and stars, little or nothing 
is gained by increasing 
the size of the telescope 
beyond 10 in. or 12 in. in 
a]ierture. The gigantic 
telescopes [14J which are 
made nowadays for such 
observatories as can afford 
them — generally tlirough the munificence of 

millionaires like Air. Lick and Mr. Yerkes — are 

designed for the use of the physical astronomer, who 
endeavours to find out the conditions which exist 
on the surface of the various planets, and to 
discover the constitution of the sun and its 
brother stars. 

Photography and the Telescope. 

Nowadays the photographic camera is largely used 
in conjunction with the telescope as a supplement to 
the eye of an observer. The photographic plate 
is capable of recording impressions which are far 
too faint and illusive te be recorded by the human 
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rye. If one very lon^^ at the same object 

the eye grows fatigued, whereas the photographic 
plate never wearies and continues to aeemnulafc 
information from the successive rays of liglit whicli 
are allowed to reach it, often for many hours 
at a time. In this way a great many new celestial 
facts have been discovered, such as the existence 
of the vast nebula which envelops the Pleiades, and 
is quite beyond the reach of the most powerful 
telescope in the hands of a human observer. The 
light rays whh^h have most effect upon the 
photogra])hic plate are almost invisible to the eye, 
and, consequently, sjiecial photographic teleseo|X*s 
are now made with the lenses so curved that these 
actinic rays arc brought by them to an exact 
focus in preference to the rays of longer wave length 
by which normal vision is conducted. The latest 
survej^ of the heavens has l>eeii 
made by means of a niiml»er of 
s'inilar photographic telesc*oj»es 
[16], erected at observatories in 
all parts of the world, wliieh have 
succeeded in charting Honndhiiig 
like thirty million stars. 

The Spectroscope. After 
the telescoiK», the instrument which 
is of greatest value to the moflerii 
astronomer is the s]X?ctroseo]K‘. It 
is by means of this marvellous 
instrument that we have been 
enabled to analyse the constitution 
of the sun and the far-off stars, 
and to satisfy ourselves that the 
universe is everywhere com])oscd 
mainly of the same chemical 
elements which are found upon the 
earth. In its simplest form it 
consists merely of a telescope and 
a ])ri.sm. Newton discovered more 
than 200 years ago that when ordi- 
nary sunlight was passed through a 
glass prism it was split up into a band of colours 
'see Frontispiece opposite pige gradually 

shading off from red at one end through orange and 
yellow and green to violet at the other. For a fuller 
explanation of this fact the course on Optics must 
be consulted ; it is enough to say here that it means 
that light consists of vibrations or waves in the 


ubicpiitous ether, winch vary merely in length, flight 
of one particular W'ave-length is always associated 
with the sensation of a particular colour when it 
falls upon our eyes, and white light is a mixlurc of 
a great numl)er of rays of all possible w^ave-lcngths. 
'.rhe action of the spectroscope is 8im])ly to analyse 
the light which falls upon it from a distant ohjeel 
into a regular series of wave-lengths, each of which 
is ns-'Ognisablc by its particular colour and also 
by its place in the 8'pe.tirnm, as the colour band 
showTi by the prism is called. 

Spectrum Analysis. The first great step 
in s|)eclroseopic analysis was taken when Kirchlioff 
and Bunsen discovered, in the early part of the last 
• entury, that a heated gas gave out light rays of the 
same wave length as those* which it absorlK‘d w'Ikui 
e)rdinai*v w hite light W'as passed through it. White or 
solar lignt is made up of rays of 
very various wave-lengths. But 
these do not form a continuous 
series. When we examine this 
solar light with the aid of a 
spectroscope, W'c see that the long 
band of variously coloui*ed light, 
into wdiich it is draw'n out by the 
train of prisms, is crossed from end 
to end by a .series of dark lines, 
varying in width. Each of these 
dark lines, of course, is sim|>ly the 
negation of liglit at this particular 
]»laee in the" s])CH*trum. Something 
lK‘twecn us and the luminous IkkIv 
of the sun has stop])t*d the ray of 
light whose wave length would 
make it visible at the jiariicular 
spot in the syiectrum where a dark 
line occurs. 

If we apply the s|icctro.scope to 
analyse the kind of light wliich wo 
produce in the laboratory by heat- 
ing some clement until it iKioomes 
incanele.sccnt, we find that we get an entirely 
different kind of spectrum, wdiieh consists of a few 
bright lines. If a piece of sodium is held in the 
flame of a Bunsen burner, and looked at through 
(he sj)eetrosco|X", w'c see a few bright yellow* 
lines, whereas, when iron is similarly treated, the 
spectrum consists of several hundred bright lines. 
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It is further found by experiment that the 
8:iine element, when reduced to the condition 
of incandescent gas, invariably makes its pre- 
sence known by the appearance of the same 
series of bright lines. Consequently, the sj)ec- 
troscopc affords a simple and conclusive test of 
the presence of any particular element in a body 
which is hot enough to be reduced to the con- 
dition of an incandescent gas. 

This is the physical state of all 
the visible stars, and the reader 
will now begin to see how it is 
possible for us to detect the 
chemical constitution of such 
stars. When we turn the 
s][X5ctrosco]>e upon a star, 
though it l)e so far away that 
its light may have taken 
hundreds of years to reach 
us, and see the bright lines 
which characterise the sjk'c- 
trum of hydrogen blazing out 
in their unmistakable ]iosi- 
tions, we say at once that the 
atmosphere of that star must 
consist of white-hot hydrogen, 
and so on with all the other elements which have 
been discovered as existing in stars. 

Selective Absorption. But the dis- 
eovery of what is called whet in abmrptio)}. by Kirch- 
liofT and Bunsen carries us a stc)) further. Wlitui a 
white-hot solid body is examined with the s]M*ctro- 
sco|)e, it invariably gives what is known as a con- 
tinuous R]X'ctrum, in which there are no dark line.s, 
but the colour shades 
off uniformly from 
one end to the other. 

'rhe spectrum of t he 
sun and many of the 
stars is of this 
character, with the 
addition of the 
numerous dark lines 
which have already 
been mentioned. 

Kirchhoff and Bun- 
sen disco v’^ered by 
cx]X'riment that if 
light from an inean- 
deseeiit solid body 
were passed through 
a, volume of gas, 
that gas absorbed 
exactly the same 
kind of light Mdiieh 
it would emit if it 
were hot enough to 
shine by its own 
light. Consequently, 
if we find that the 
spectrum of a par- 
ticular star is a 
continuous sjx'ctrum 
crossed by a. series of 
dark lines which cor- 
respond in munber 
and position to the bright lines which form the 
sjwctrum of incandescent hydrogen, we c;an say 
at once that the star consists of a glowing solid 
body encompassed by an atmosphere of hydrogen. 

As a rule, stellar R})ectra arc much more com])li- 
oatod than this sim])le example, and we lind in such 
a^^tra dark lines which prove the existeiieo of a 
large number of elements in the atmospheres of 


those remote orbs. It will now l>c seen how the 
spectroscope is able to tell us of what elements 
the stars arc composed. Its use affords the basis 
for a very important branch of astronomy known as 
astrophysics, and some of the facts deduced from it 
will be explained later. 

The Equatorial Telescope. The large 
telescopes which are used for studying the physical 
condition of the stars and 
planets are mounted in 
Iieculiar fashion which must 
here he explained. We have 
seen that the telcsco[»C8 used 
for measuring the position of 
the stars are mounted in such 
a vray that the star to which 
they are pointed apjx^ars to 
rush rapidly across their fi(‘ld. 
and only a llceting glimpse 
can l)e had of if. This, of 
course, is due to the fact that 
the teleseojK' shares the earth’s 
rotation. But when it is 
desired to watch a star or 
planet through the greater 
part of anight, it is necessary 
to have some method of keeping it constantly in 
the field of the telescope. The larger the teIescojx‘ 
the more dews it exaggerate the apparent motion 
of the star, and to (iontinue to move it by hand 
so as to keep the star in its field of vision would 
be quite impossible in the ease of the huge 
telesco]')es with which the most important work of 
this kind is done. This difficulty is obviated by 

what is called an 
eqiiat /rial mount ing 
1141. 1’he essential 
part of this is an axis 
pointing with great 
neeuraey towards 
the celestial north 
pole, and borne on 
the top of a solid 
pier of masonry : 
this is knovm as 
the polar axis. 
Through a socket on 
the end of this axis 
passes another axis 
at right angles to it. 
known as the de- 
clination axis. 

The teleseo}>e is 
rigidly attached t<' 
the npjicr end of 
the dci'lination axis, 
and balanced by a 
WTight at its other 
end. so that it has 
no tendency to turn 
round on the polar 
axis. The polar axis 
is attached to 
system of clockwork 
which makes it turn 
slowly round from 
east to west at the rate of one revolution in twenty- 
four hours. As the earth com plctes a revolut ion from 
west to east in the same period, the one movement 
exactly neutralises the other, and if the telescope l>c 
])ointed at any celestial object, by turning it on 
the declination axis it will continue to follow 
that object so long ns the clockwork is kept in 
motion. 



19. SUN-SPOTS AND GRANITT.ATTON OP 
sun's surface 

(IMmtojrraphecl at Mciulon Observatory by 
M. Janssen. From “ Knowledge”) 



20. PHOTOORAPTT OF THE SUN, OCT. 22ND., 1905 
(By E. W. Parlow, P.R.-\.S., from “ lvnowle»lge ”) 
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All that the observer has to do, when ho haa 
once fixed his tcleaco|)e in the proper direction, is 
to move from time to time so as to keep his eye 
at the eyepiece of the telescope, which appears, of 
course, to be revolving with regard to him. It is 
with tiiese two instrunicnts — the transit circle and 
the equatorial telesco^, supplemented by the spec- 
troscoi)e and the camera when necessary — that by 
far the greater part of modern astronomical research 
is carri^ out. The transit circle provides the data 
for mathematical or descriptive astronomy, and 
the equatorial, with the spectroscoj)e and camera, 
provide the data for jiliysical astronomy. 

We shall now pass on to a general account of the 
solar system, as its mechanism and constitution 
have been revealed by the use of such instruments. 

The Solar System. The solar system 
consists of a central star, the sun, round which 
there revolve eight major jdancts with their satel- 
lites, a swarm of noirly six hundred minor planets 
or asteroids, and an nnknowm number of comets 
and meteorites. The planets are divided for con- 
venience into two groups of four each. The inner 
plai.ets in order are Mt/cury, Venus, Earth, and 
Mars ; the outer planets are Jupiter, Saturn, 
Uranus, and Neptune. The minor planets, with only 
one exception yet knowTi, occupy the space between 
Mars ami Jupiter. The only planets which have no 
known satellites are ^Mercury and Venus ; Earth 
has one — familiar to us all as the moon ; Mars 
has two ; Jupiter, seven ; Saturn, ten ; Uranus, 
four: and Neptune, one. All the planets move 
round the sun in elliptical orbits, which are not very 
far from being circular, whereas the comets and 
meteorites move in extremely eccentric orbits, 
some of which are strongly susjiected not to be 
ellipses at all, but hyf)erbolic curves which carry 
them aw'ay for ever into space after a visit to the 
sun. The follow'ing table shows the diameters, 
masses, distances from the sun, arid i)eriodical 
times of the eight major planets. 
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The Immensity of the Sun. The great 
luminary W'hich warms, lights and rules the solar 
system is, like the majority of its fellow stars, a 
gigantic bubble. In other words, it is a glolxj 
of glowing gas, which is nowhere solid, though the 
immense pressimo w’hich must exist in its interior 
probably causes this gas to assume there a density 
greater than that of any solid which we know. The 
sun apyiears to human vision as a brilliant globe 
of a little more than half a degree in diameter. 
It is about the sane apparent size as the moon, 
since the s.ze of the sun is to that of the moon very 
nearly in the same proportion as their relative 
distances from the earth. In reality, however, 
the sun is a gigantic orb, so huge that if the earth 
were at its centre the whole orbit of the moon wou’d 
lie well within its circumference. The diameter 
of the sun is about 860,500 miles. If the sun 
were represented by a globe 2 ft. in diameter, 
the earth on the same scale would l>c the size of a 
large i)en, less than a quarter of an inch in diameter. 


The mass of the sun is about 332,000 times that 
of the earth, but its specific gravity is only about 
a quarter that of the earth — 1‘41 if that of water 
be taken as unity. The mean distance of the sun 
from the earth is about 92,900,000 miles ; but as 
the earth's orbit is not circular but elliptic, this 
distance varies by about 3,000,000 miles, being 
smallest in January, and greatest in July. 

Solar Movements* The sun rotates on 
its own axis just like the earth, as has been dis- 
covered from the fact that the spots on its surface 
invariably cross its disc from east to west. It 
comxJetes a rotation in 25^ days. The apparent 
period of the sun's rotation as seen from the earth, 
however, is 27 i days — the difference being due to 
the fact that the earth is constantly moving 
round the sun in the same direction in which the 
latter rotates. 

The sun appears to move round the earth in a 
plane which is inclined to the plane of the earth’s 
equator at an angle of about 231°. This jilane is 
known as the plane of the ecliptic^ from the fact that 
eclipses only hapyx^n w'hen the moon is crossing it, 
and the angle which it makes with the y)lane ,of 
the equator is called the diliquity of the ocliyitic. 
This angle is obviously equal to the sun’s maximum 
declination, or distance from the celestial equator 
in June and December, at which times the sun is 
respectively north and south of that equator 
as viewed from our latitudes. The two opywsitc 
jwints in which the great circle of the ecliy)tic crosses 
that of the celestial equator are known as the 
equinoxes^ because when the sun y>a8ses these y)oints 
on March 21st and September 21st, day and 
night arc equal in length. The two ywints in the 
ecliptic which are equidistant from the equinoxes 
are called the solstices^ because when it reaches 
them on ifuue 2l8t and December 21st, the sun 
appears momentarily to stand still, and therejifter 
reverses its motion in declination [IT]. The y»lnne of 
the ecliptic is really the plane of the earth’s orbit. 

Precession of the Equinoxes. It has 
been known for more than two thousand years 
that the equinoxes do not remain constantly at th(5 
same point in the ecliptic, but that they are slowly 
moving westward along it. They complete the 
circle in about 25,800 years, so that since Hi]>parchijs 
discovered this movement in 125 B.c., about one- 
twelfth of it has been descjribed. Consecjuently, 
as wo shall see directly, the Zodiacal signs no longer 
corresyjond to the constellations after which they 
were namcxl three thousaml years ago, but each of 
them has drifted into the next constellation. This 
movement, known as the precession of the equinoxes, 
is due to the fact that the earth’s axis does not 
remain strictly parallel to itself, but travels round 
the outside of a cone, just like the axis of a sleeping 
top [ 18 ]. Consequently the y)lanc of the earth’s 
equator, and of the celestial equator, is continually 
changing ; and, as the ecpiinoxes arc simply the 
points at which the equator intersects the ecliptic, 
they must change too. One result of this is that 
the" celestial jM)les are also changing ; they move 
in small circles round the yjolcs of the ecliptic. 

The present Polo Star hapy^ens to be close to the 
celestial north y)olc ; hut in the lay)8e of many 
centuries the latter will move away from it, and 
other stars w^ill he known as Pole Stars. About 
14,800 A.D., the brilliant Ve^ will bo sufficiently 
near the Pole to become the Pole Star. 

The Zodiac. The belt of the sky which occu- 
pies 8° on each side of the ecliptic is called the 
zodiac, and it is within this belt that the moon and 
the chief planets confine their movements, since none 
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of tlmir orbits is inclined to that of the earth hy 
more than 8°. Zodiac, whhdi circles the 

celestial sphere, is divided into twelve signs, each 
of which occupies 30°, and roughly coincides with 
a constellation. The following lists give the signs 
f)/ Zodiac, with the seasons in which the sun 
passes througli each of them : 

Spring: Aries the Ham ; Taurus the Bull ; Clcmini 
the Twins. 

Summer ; Cancer the Crab ; Leo the IJon ; 
\'irgo the Virgin. 

.\utumn : Lil)ra the Balance; Scor))io the 

Scorpion ; Sagittarius the Archer. 

Winter : Capricornus the Goat ; Aciuarius the 
Water-bearer ; I’isces the Fishes. 

Owing to the precession of the eijuinoxes, the .signs 
of the Zodiac do not now correspond witli the con- 
stellations of whicli they bear the names. Thus the 
sign Arie.s, in which the sun is seen on March 21.st 
as it passes the vernal equinox, with which the 
solar year begins, i.s now in the constellation of 
Pi.sc(*s, and in the course of the next 23, (KK) years 
it will move steadily backward through the con- 
stellations until it returns to tlie Ha in, where it 
stood when its name was first given to it. 

The Sun’s Photosphere. The bright 
visible surface of the sun is known as the photo^ 
sphere 1 20J, or spheres of light. It probably consists 
of a vast sheet of incandescent clouds floating in 
a less luminous atmosphere, and it is intensely 
brilliant for the same reason ns the mantle of an 
incandescent gas burner, because of the intense 
temjKTature to which it is raised. It is not easy 
to cslimato the actual brightness of this photo- 
sphere, but the most powerful electric light which wo 
are able to produce looks absolutely black when 
projected against it. The teinfXirature of the 
photosphere cannot be measured with any exact- 
ness, but it is certainly greater than any which wo 
can atttiin on the earth, being at least 6,000° C. The 
temperature of the suiTs interior must undoiibtedly 
be very much higher than that of its surface, 'fhe 


photosphere examined through a telescope is not 
hom(»geneou.s, but consi.sts of a darker background, 
s])rinkled over with rice grains or granules, which 
are much more brilliant [19]. The rice grains are 
usually about 500 miles in length, but here and 
there are drawn out into long streaks known as 
filaments or willow leaves. Th(‘ surface of the sun 
is mottled here and there with brighter S|X*ck.s and 
patches called faculm. 

Sun>spots. The most interesting fact about 
the photosphere is the existence in it of sun-spots^ 
which vary greatly in size, number, and duration [ 19, 
20, and 21 J. Sometimes these spot.s are exceedingly 
numerou.s, so that hardly any part of the equatorial 
belt of the sun i.s free from them ; at other time.s, 
hardly one is to be seen. Some of them seem to 
a}>])ear and di.sap])ear again w'ithin the s]mce of twn 
or three days : others |)ersist for months at a time, 
and it is by means of these persistent spots tha t the 
])erioda of the sun's rotation has been measured. 
The smallest spots visible through our teleseojK^s are 
only abotit 500 miles in diameter, whilst the largest 
may be seven or eight times as big as the earth. A 
typical spot consists of a central part, called the 
nudms^ surrounded by a border, the penumbra, 
which is intermediate between the dark c^entre and 
the surrounding brilliance of the ]>hotos]>here [21]. 
TTio penumbra surrounding a group of spots has 
Ikhmi known to Ixj as much as 150,000 miles in 
diameter, and spots of this size can be seen W’ith the 
naked eye, wdien the sun is viewed through a cloud 
or piece of smoked glass. 

The real nature of sun-spots is still disputed, but 
there is little doubt that they arc .something of the 
nature of whirlpools or storms in the photosphere, 
ft has been discovered from a long .st'ries of observa- 
tion.s that the number of spo s visible on the 
surface of the sun varies through a period of about 
11 years. 1905 was a year of si n-spot maximum, 
ana in 1912 the number of .sun-spots will probably 
have sunk to a minimum, rising again to a 
maximum about 1910. 
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Various attempts have l»een made to trace the from the solar surface. It varies greatly in form 
iniluence of the spot cycle on terrestrial meteor- from eclipse to eclipse, and its changes appear to be 
oiogy. There is little doubt that it has some in some way connected with the numwsr of spots 
influence of this kind, because the development of a visible on the sun. The spectroscope shows that 
large sun-spot is invariably aocompaniea by elec- it consists of glowing gas, chiefly foronmm, but its 
tricul disturbances on the earth. It is practically extreme rarity is proved by the fact that comets 

certain that the np])earance of a large number of have passed right through it, as in 1882, without 
sun-spots on the sun's photosphere indicates that any apparent (checking of their motion. There is 

the sun is in a condition of abnormal activity, but goo<i reason to suppose that its luminosity may }>e 

we can hardly go further than that yet. «n electrical phenomenon, somewhat analogous to 

The Chromosphere and Prominences. the Aurora Borealis. 

Above the photosphere of the sun lies an atmosphere The Heat and Energy of the Sun. 

called the chromosphere, which is probably about The sun has tw^o great functions in our system. 

10,000 or 12,000 mUes in thickness. Tliis ** sphere of The first is, as we have seen, to keep the i)lanots 

colour ” is so called because it is of a brilliant scarlet moving in their orbits by the power of ite gravita- 

hue. We do not usually j^rceive it, because its tional pull. The second is to supply heat and light 

light is usually drowned in tlie intense radiance of to those planets. As far as the earth is concerned, 

the photosphere. But on the rare occasions when there can be no question that the existence of life is 

the sun is eclipsed by the passage of the moon made possible entirely by the radiations which reach 

between it and the earth, this scarlet chromosphere us from the sun. If it were not for them, the 

suddenly flashes into sight when the photosphere is earth w'ould be a sterile globe, with a temperature 

hidden.* The spectroscope shows that it is chiefly approaching absolute zero, on which not only the 

composed of incandescent hydrogen, mingled with water, but even the air would be frozen solid. The 

helium and calcium vapour. quantity of heat which the earth receives from 

The lower portion of the chromosphere is known the sun in a year is sufficient to melt a sheet 

ns the reversiva layer, because w'hen the spectro- of ice 200 ft. thick over the earth's w'hole sur- 

scope is turned upon it during an eclipse at the face. Every square foot of the earth receives 

moment of totality, all the dark lines w'hich usually annually enough energy from the sun to raise a 

cross the solar spectrum suddenly flash out in weight of 100 tons to the height of a mile. As 

brilliant colour against a dark background. This the sun is radiating heat in all directions alike, it 

means, as we have already seen, that these dark is calculated that it must be giving out continuous 

lines are due to the absorption of light, of the W'ave energy equal to nearly 120-hor8e power for every 

lengths corresponding to each of them, by the square yard of its surface. How is this immen.se 

lower portion of the cliromosphere. It is from these output of energy kept up? We know^ from the 

lines that w'e deduce the existence of a large geological record that it has been going on, at the 

number of terrestrial elements in the sun, of w hich very least, for 10,000,000 years, and there is no 

the most important arc hydrogen, helium, carbon, visible sign of its diminution. The old notions that 

iron, copper, silver, tin, lead, .soclium, potassium, the .sun derived it.s heat from any form of combii.s- 

silicon. zinc, calcium, magnesium, aliimmiuni, tion, or that it was merely an intensely hot body 

|)ossibly oxygen, and a numl>er of less common which was gradually cooling off, are quite inadequate 

metals. There is good reason to sup]X)se that all to account for this marvellous expenditure of energy, 

the other terre.strial elements are pre.sent in the When the Sun will Solidify. 1'he 

sun, but as yet their existence has not been estab- true explanation is undoubtedly that given by 

lished. It is po.s.siblc that some of them arc not Helmholtz and Lord Kelvin, that the sun is a 

really elements, and arc dissociated by the intense gaseous glolx* wliich is continually shrinking as it 

heat of the solar atmosphere. loses heat. It is not possible to explain WM'tliin our 

When the sun is obscured during an cclijise, a limits why this shrinkage should keep up the .sun’s 

number of fiery sc*arlet clouds or prominences [see temperature, but it is physically certain that it 

Frontispiece opposite page 6241] are seen projecting would do so, just as the fall of a clock weight or the 

from its edge. Since 1868, when the s])tv trosco|X" head of water in a reservoir has the power of doing 

was first turned uy)on these objects, it has lx*en work [see page 315]. The shrinkage of the sun 

known that they are clouds or jets of incandescent means that its outer parts are steadily falling 

gas, chiefly hydrogen and helium, '^Hicy have l»e€*n tow’ards the centre, and in this process they give 

known to rise as much as lOO.OfK) miles from the out sufficient energy to keep up the solar radiation, 

sun’s surface, with a veloc’cy which may lie as great An annual shrinkage of 300 ft. in the solar diameter 

as 250 miles per second. These prominences can 1m* is amply sufficient to supply this energy which the 

se^n actually springing up and changing form, and a sun gives out as heat and light. There is no doubt 

very ingenious adaptation of the 8pectrosco|)e, wdiich that such n shrinkage is actually taking place. As 

we owe to Ixxjkyer and Janssen, enables us to study yet, it is impossible to apply the test of measurc- 

them even when they are quite invisible to the eye. ment, since it would need about 10,000 years for 

The Corona. The outermost appendage of the resultant change in the Run’.s diameUT to bo 

the sun is the extrona. It has been known from very jxjrceptible to our most accurate micrometer, 

remote antiquity as a wonderful halo or crown of The time will undoubtedly come in the history of 
light which surrounds the sun at the moment of the sun, as it has already come in that of tlie inner 

eclipse hut is quite invisible at other times, even planets, at which its surface will begin to solidify, 

to the eyes of science, though there is reason and from that moment its emission of heat and 

to believe that before very long wc may be able to light will begin very seriously to diminish. But at 

study it also at any time that we choose. Its the most moderate computation that time is at 

nat^ure is not yet fully understood, though we least 5,000,000 years ahead of us, and wo need 

believe that it is some kind of extremely tenuous not be seriously alarmed about this particular form 

atmosphere which stretches out for millions of miles of the Day of Judgment 

Continued 
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By Dr. C. W. SALEEBY 


PHILOSOPHY is a great and noble word, which 
* means the love oj wisdom. In the primitive 
sense there are none but the basest few \vho 
may not humbly call themselves philosophers. 

But, of course, we know that the term philo- 


sophy is now employed in a specnal sense. It is 
used in order to indicate a special department 


of knowledge or inquiry, and it is this depart- 
ment w^hich w'o must first of all seek to define. 


Biology is (^oncomod with life, astronomy with 
the star's. What is philosophy concerned with ? 

Now% it is certainly true that there have Irecn 
professional jrhilosophers w'hos(‘ works from first 
to last have amounted to nothing more than 
mi‘re woi'd- jugglery or verbal gymnastics. Their 
books may have " an elegant appearance, they 
may be apparently intelligible or apparently 
unintelligible ; Init in the upshot, as other 
writers soon show', there has been nothing said 
about anything wlmtever, excei>t merely words. 
It is not by the word-jugglers however, that 
philosophy inust be judged. Its proper subject- 
matter is not words but realities of some kind ; 


and the business of man's mind is with realities 


— urgently and necessarily. 

The Problem of Philosophy is the 
Nature of Reality. Indeed it is just precisely 
the nature of reality that philoRO])hy is concerned 
with. Phrased in popular language, its desire is 
to get to the bottom of things. Looking around 
him, man finds many appearane(‘S stars and 
stre(d mud,*' plants and children — whilst he is, 
at the same time, conscious of his own self, to 


which all that is outside it appears. What, then, 
he asks himsidf, amidst all tins diversity and 
change and magnitude — what is the inner nature 
of all these things, or of w’hatcver they represent 
or are ])roduced by ? The problem of philosophy, 
then, is the nature of reatitf/ or the nature of being. 

In comparatively recent times a sj)ecial wwd, 
which may l)e novel but is not difficult, has been 
invented in order to do away with the former 
confusion of names, and that word is ontology — 
which simply means the science of l)eing. It 
was high time to introduce such a w’ord, l)eeause 
what with such terms as philosophy, meta- 
physics, logic, epistemology, and a host lx\sidt‘a, 
confusion w’as Ix^ooming worse confounded : and 
it is confusion that is flu? pre-eminent danger 
of the philosopher. At least one of these words 
must, how'cver, l)e noted here, and that is the 
word metaphysics. Metaphysics is a famous 
old name of scarcely less antiquity than 
philosophy itself. It was apparently coined 
by the followers of Aristotle, the greatest 
pupil of Plato, who was the greatest 
pupil of Socrates, as a general term for the 
subject-matter of the treatise which their 
master composed after his “Physics.” Meta- 


physics simply means after physics. Evidently 
there is no particular virtue in the term, w hicli 
explains nothing, and may be and has been 
defined in many very varying senses — including, 
for instance, what we now mean by “ logic.” 
At the present day, however, tin? l)est rule to 
make is to leave the word out of one's 
vocabulary altogether. So far as the search for 
tnith is concerAed, it is of much less than no 
use at all. 

The Question at the Root of all Philo- 
sophies. We shall content ourselves for the pre- 
sent, then, with the use of the famous old w'ord, 
in its Ixist recognised meaning of the search for 
reality, or we may define it as the cjuest of truth — 
meaning by that not merely the i)ractieal truth 
concerning the facts around us, but the ultimate or 
final truth of those facets and of the facts of mind. 
But, pray, w'hat is the distinction l)etw'een the 
practical kind of truths on which w e daily act. and 
ultimate tnith or absolute truth ? In what sense 
ean anything be more true, more thoroughly 
true, than the ordinary faets which w'e observe 
in the behaviour of matter around us ? This 
simple and very j^ertinent question is at the 
root of all philosophies wdiatever, and w’c must 
do our l>est to answ’or it. There is a well- 
recognised name, indeed, for the doctrine w liich 
asserts that truth, as w'e think w^e know it, is 
absolute truth, and that things arc wdiat they 
8tH‘m. We may call this doctrini' ci'ude realism. 

B(*yond all question this is the oldest of all philo- 
sophies. It is the unformulated philosophy of a 
child, and, indeed, of anyone who has never 
thought about the subject. To a child, or to such 
a man, there can be nothing more real than the 
reality of — let us say — a chair. It is a thing that 
can be seen and felt, and “seeing is believing.” 
A chair is plainly a chunk of reality. Tilings arc 
«is they appear to us; there is no more of them 
than apjHWs to us ; and wdiat w'e see is simply 
what is there to see. Mind is conceived as a thin 
sort of matter, and the tjuestion of the relation 
bt^tween mind and matter is never asked. 

Cbaotism.** On this view in its earlie.st 
form man lives in a chaos ; all around him is 
infinite multiplicity and variety, w hich cannot be 
resolved into anything more simple. As to any 
lelations that may exist lietween the mind or 
minds to whkih these objects are presented and 
the objects themselves, crude realism asks no 
questions. 

But, as we may readily believe, this earliest 
of stages is very soon passed. Howev er 
various the facts of Nature, it very soon becomes 
evident that there is at least some degree of 
relation between them. An unsupported stone 
falls not once or twice only, but alw^ays. The 
sequence of day and night and of the seasons. 
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the apparent movement of the sun, the growth 
of crops — these all display some degree of order 
and hints of interdependence. So unmistakable 
is this that it had to be recognised long before 
the birth of science, the business of which is to 
discuss the relations between the phenomena 
of Nature ; so salient are these relations that 
the mind must recognise them directly it begins 
to think at all. Thus, whilst all other con- 
ceivable philosophies, one may suppose, have 
been held by men, there is at least no record 
of any philosophy that might go by the name 
of Chaotism. \\Tiatever else is uncertain, the fact 
of order around us cannot be gainsaid. 

The Idea of Order. Now surely we 
have already made a discovery of capital im- 
portance. Here, at any rate, is something 
which is so palpable that, however various men's 
minds or temperaments, their age or place or 
training, they must light upon it the very 
moment that they begin to think at all. There 
have been many philosopher who declared 
that there is no external world, many to say 
that if there is an external world we can know 
nothing of it, some to say that mind is only an 
accident, looking on at the matter which pro- 
duces it — but never yet was there any philosophy 
that did not admit, to some extent at any rate, 
this idea of order. The order is outside us, 
say some thinkers ; there is nothing whatever 
outside us and the order is m ithin us, say others ; 
the order only applies to some things, say the 
savage and the su])erstitious ; order is universal, 
says the thinker — but none of them will deny 
the existence of order at all. Men have sub- 
scril>ed to every philosophy but Chaotism. 

No^^', once the mind has lx*gun to recognise 
traces of order here or there, it has a way of 
going a little further afield, in order to see how 
far this principle may be traced. The whole 
history' of science is a history of the ever 
widening demonstration of the existence of 
order, and it is the profound belief of all men 
of science to-day that order is universal. As a 
matter of fact, however, philosophers have not 
waited for, let us say, the perfecting of meteor- 
ology in order to assent to the proposition that 
order is universal. Those who have contributed 
anything at all to the history of thought have 
always believed that the order which we can 
recognise is indicative of order everywhere. 
Some have said that the order is without the 
mind, some that it is within the mind, but at 
any rate, it must be a general truth. 

The Simplification of Things. Now', 
philosophy is a most difficult and arduous study, 
yet we may at least credit it with having 
simplifit^d our ideas of the world. Let us take, 
for instance?, what we commonly call matter. 
As w'c know, science has lately simplified our 
varying notions of varying kinds of matter, 
and has presented matter to us as one thing — 
whatever its real nature be — which presents 
itself to us under various forms. Later still, 
science has told us that this one thing may bo 
expressed in terms of yet another thing, still 
more general, which we call energy. But 
philosophy has not had to wait for these con- 


clusions of science. Kecognising signs of ordei , 
and believing them to be indicative of universal 
order, philosophy has long anticipated science 
by regarding the external world as essentially 
a unit. Now', this is a great and most desirable 
simplification. It would be long ere we reached 
our goal, which is the heart of things, if we had 
first to make a specific examination of every 
object without us, every object that we can lay 
our hands upon, and every object that no hands 
can be laid upon. But philosophy has long ago 
agreed upon this, at leasts — that the exterior 
wwld, despite its apparent multiplicity, may 
be looked upon as a unit. The w orld w^e live in — 
whatever that phrase really means — is not a 
chaos but a cosmos. Science is every day more 
clearly proving that this is true, demonstrating, 
or beginning to demonstrate, its truth, where 
hitherto it had to be taken on trust. Hence, 
what was a most warrantable inference even 
for the first philosophers is a still more w'arrant- 
able inference for us. We proceed, then, in all 
further discussion, to speak of w'hat is without 
us — the “ universe," the “ cosmos," the “ ex- 
ternal world " — Jis one thing ; we may speak of it 
as “it" and not as “them." Now', this is really 
a magnificent simplification of things ; and, from 
the point of view' of philosophy, the great service of 
science is that the more she advances the more does 
she afford warrant for this great simplification. 

The External World. But though this 
constitutes an incalculable advance upon any 
supposition that we live in a higgledy-piggledy, 
it leaves us with abundance still to think 
about. It still affords room for differences of 
Opinion which are profound and irreconcilable. 
Let us see, if possible, what forms these differ- 
ences may take. The first opinion as to the 
external world is that which the phrase itself 
expresses. It is the opinion of common-sense 
and of crude realism. It is also the opinion of 
philosophers more tidvanced than these, but 
it is denied totally by a school of thinkers who, 
in their various forms, may be called idealists, 
and w'ho regard w'hat we call the external world 
as having no existence apart from mind. 

But let us agree, for the present, at any rate, 
that there is this external world, whether it 
be the whole fact or only an aspect of the fact. 
The doctrine which denies its existence may 
here Ik? leit out of account. There still remains 
a great issue which goes right dow'n to the 
dt^pths of our subject. This is the issue between 
crude realism, which >)oldly asserts that things 
are what they seem, and the doctrine or doctrines 
which assert that the external world, as we 
know it, is not wholly known to us. And here 
there may occur to the reader the question which 
really does begin at the Injginning : What do 
we mean by know'ing ? 

The Criticism of Knowledge. For, 
after all, before we assert anything wo should 
begin by ascertaining how we come to know 
it, in what sense we know' it, what are the 
conditions and the limits, if any, of our know- 
ledge. Certainly, knowing cannot be an absolute 
and perfect process as practised by us, since the 
results differ in every case, and furthermore, 
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we are each of us well aware of facts within our- 
selves that affect the measure and the quality 
of our knowledge. Plainly, therefore, all kinds 
of philosophising are premature until we have 
ascertained something about the instrument 
which we mean to employ. In what sense do 
we know anything, and to what extent ? 

The Great Work of Kant. Now, this was 
the great work of Immanuel Kant (1724-1804), 
and it is one of the most amazing facts in the 
history of thought that the doing of his work 
should h ave been left for so long. 1 1 is because the 
great work of Kant constitutes a criticism of men's 
thoughts and of the conditions of their thinking 
that it is generally described as the “ critical 
philosophy.” A somewhat uncouth word has also 
been employed — and is, indeed, now found in- 
dispensable — in order to indicate the study with 
which Kant chiefly conceraed himself. This w’ord 
is episte^nology^ from tlie Greek wonl episteme 
(knowledge). Just as biology, then, is the science 
of life, so epistemology is the science of know- 
ledge, the science or the department of philosophy 
which concerns itself with the knowing process, 
the (umditions, the limits, and the validity of 
all that we know’ or think that wo know. 

Now', there is one school of philosophers who 
have no use, so to speak, for any theory of know- 
k^dge. Epistemology offers them no difficulties and 
no prolrlems. Tliese are those who it?gard the ex- 
ternal world iis the creation of our minds. But for 
the rest of mankind this question of the validity 
of our know'ledge is supremely important in its 
philosophic implications. Certainly we know 
something of, or concerning, the external world. 
Daily life demonstrates that. Wliatever a man 
may call himself or wish to be called, he cannot 
1 k^ an absolute sceptic. Absolute scepticism is 
not t/o be found even within the walls of a lunatic 
asylum. A man may have many delusions, and 
they may all be ridiculous, but he will still retain 
a practical belief in gravitation. 

The Value of Empirical Truth. There 
is, then, at any rate, some kind of validity in our 
knowltKige. We act on the assumption that an 
un8upf>orted object will fall, and we are found to 
l)e right. So far, very well. There is at least opcm 
to man some proximate, practical, working kind 
of truth. There may be more, but, at any rate, 
there is empirical truth, the word empirical 
meaning experimental or dependent upon experi- 
ence. You know that under the present con- 
dition of things the sun will rise to-morrow’. 
That is an empirical truth, demonstrated to bo 
true by experience. Now, before we go any 
further, let us at least attempt to do justice to 
empirical tnith, for it is too much ' oomtHl, 
jierhaps, by professional philosophers. ^ 

llie physical life is not the whole of it ^ nor the 
most of it, nor the best of it ; but for the most 
and best of life the physical life is at least neces- 
sary. Contempt of the body can evidently bo 
pushed too far. Now, so far as this physical or 
bodily life is concerned, in point of fact, we 
by empirical truth. As we look at it, it may be a 
most grotesque parody of the real truth. Critic- 
ally considered, it may be worth very little or 
nothing for the purposes of philosophy ; veiy 


often it may have led men ludicrously astray in 
their search for reality — but whatever defects 
it may have, whatever charges may be levelled 
against it, yet, at any rate, it is in virtue of our 
practical recognition of empirical truth that we 
men and women live. Even the philosopher who 
decries it is daily dependent upon his daily recog- 
nition of it ; otherwise, any one of a hundr^ 
occasions in the course of a single day would put 
an end to his life. Empirical truth may not be — 
indeed, it certainly is not — the whole truth, but by 
it wc live our physical life. Many men have lived 
and died and worked and suffered and achieved 
and sung with the aid of empirical truth alone. 

We Have Enough Truth to Live by. 
Tile great fact of human life, indeed, is that 
men can and do live by empirical truth, proximate 
truth, relative truth — call it what you will. It 
is much more than doubtful whether Shakespeare 
had what the Germans call a W eUanschavning, or a 
consistent view of the world. It would be quite 
impossible to ascribe any philosophy to the 
greatest men and women in history. Even the 
kings of thought, after devoting all their lives 
to this study, have commonly confessed them- 
selves baffled. Absolute truth may or may not 
be beyond the ken of man ; it may or may not 
have been attained by any in the past ; wc may 
protest, if we please, against the nature of things 
for hiding itself from us — but most certainly it 
might retort that we have enough to live by. If 
human history demonstrates anything at all, it 
certainly is that even such light as is afforded to 
the simple-hearted is abundant for the living of 
worthy and even of glorious lives. 

This is not, of course, to deny the truth of the 
great saying that “ man cannot live by bread 
alone,” but it is to deny totally that what is 
technically called philosophy is in any sense 
whatever a human necessity. The search for 
the deepest deep may be, and is, both valuable 
and fascinating, and w ell worthy of the fine striv- 
ing that distinguishes the human mind, but it 
is not required to reveal the vital realities, as, for 
instance, that vital reality which St. Paul called 
the greatest thing in the world. 

Truth and the Search for Truth. 
These are the realities by W'hich we live, and they 
can be no more real to the profoundest philo- 
sopher than to the child on its mother's knee — 
though truly they may be less so. Certainly the 
man wjjo neglected love and duty in order to 
search for remote truth would be convicted as no 
lover of wisdom and as blind to hci‘, even when 
face to face. It is such considerations, also, that 
enable us to understand the full meaning of the 
famous assertion made by another great German 
philosopher, Lessing. He said that if God offered 
him truth in one hand and the search for truth in 
the other hand, it was the search that he would 
choose. At first sight this seems meaningless 
and monstrous, for pray what should give the 
search for truth its meaning or purpose but the 
possibility of finding her ? Yet Lessing was 
profoundly right. Ho knew that the truths by 
which wo live have already been given to us ; he 
knew that one of these vital truths is the necessity 
to strive. That is why he desired to be given the 
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search for truth. He knew also that that abso- 
lute tnitli which philosopliers seek, whatever 
her attractions, is assuredly not necessary to 
salvation. Human histoiy denies on every page 
the doctrine that no one but a metaph 3 rsician is 
entitled to a religion ; and all the philosophers of 
the past are but humble scholars at the feet of 
the child who risks its life in order to save 
another from the flames. 

The Truth that is Essential. In a 
word, empirical tmth — as, for instance, gravi- 
tation — suffices for the physical life, and 
the super-physical life is nourished by truths 
which may be hidden from the wise by 
their owti vain imaginings, and yet revealed to 
babes and sucklings. Compared with either of 
these, philosophical tnith is a thing of little 
moment. If, some day, there were revealed 
to us the nature of ultimate reality, the know- 
ledge would not aflPect in one jot or tittle the 
ordering of our daily lives. The philosopher of 
that date would have the same difficulty as all 
philosophers of the past in bearing toothache 
patiently — as Shakespeare hinted. Nor, on the 
other hand, w'ould this revelation be of the 
smallest moment for the moral ordering of life. 
Such words as justice, love, and duty would find 
nothing added by it to their significance. 

So much, then, for the value of ordem of truth 
other than philosophic tmth. We must remember 
that the realities which vitally concern us are the 
realities of life and experience, and not the realities 
with which ontology seeks to deal ; otherwise, 
wiiere, after so many failures, should we be, and 
w hither would there be any prospect of our going ? 

Having said so mucli. Jet us return to Kant's 
criticism of knowledge, and let us observe the con- 
clusions to wiiich he was led. They were briefly 
these : Our knowledge of the external world is 
limited and conditioned by the limits and con- 
ditions of our owm minds ; it is knowledge, not 
of reality but of appearances. The reality which 
lies behind those apiK'arances must be in its essence 
not dissimilar to the perceiving mind itself. 

What is a Phenomenon ? The opposed 
words which K.int employed were phenomenon 
and noumenon. This word phenomenon, which 
is so familiar to us, is one of the most valuable 
and important words in philosophy, since it 
expresses for all tho.se who know its meaning 
one of the most important ideas in philosophy. 
In vulgar use the word means anything that 
is out of the w'ay or wonderful, and wo apply 
the adjective phenomenal to anything which 
we wish to signalise as extraorainary. But 
these employments of the word are most un- 
Aviwe and unfortunate. The adjective pheno- 
menal should be absolutely confined to its proper 
philosophic use of describing anything that has 
the charjicler of a phenomenon. We shall see 
in a moment how^ convenient the word may be. 
A phenomenon, then, is literally an appearance 
or something that apj)ear8, and whenever we use 
the word we are to associate with it in our minds 
the idea of a something which, though hidden 
from us, and not apparent, is yet the reality, 
the self, or the thing-in-itself, lying behind the 
appearance or phenomenon, which is all that 


w'c can directly know. There is, then, on this 
terminology the real or the noumenal, and the 
apparent or the phenomenal. Our knowledge 
is only of what appears to us, and is therefore 
only phenomenal knowledge. (The reader will 
contrast this proper use of the word with the 
ordinary misuse of it.) Nothing is further from 
being suggested than that there is any opposition 
or contradiction between the real and the 
apparent — l^etween the thing-in-itself and the 
thing as it appears to us. We are freely entitled 
to argue, in so far as W'e may, from phenomenon 
to reality. Merely it is asserted that our know- 
ledge of reality must always be inferential, and 
can never bo immediate or direct. 

The Limitations of Knowledge. Now 
if the Kantian criticism of knowledge be valid 
— and w^e are about to see reasons for thinking it 
so — if it be true that our knowledge of the external 
world is only relative, the most serious conclu- 
sions must be faced. Here, again, is a case where 
the idealist escapes all our difficulties. To him 
the external world is just “ such stuff as dreams 
are made off.” and there is nothing behind 
phenomena, wliieh are of the mind's own making. 
But if wo class ours(‘lves as realists, believing 
that something conosponding to what we call 
matter really exists, then observe what the 
Kantian criticism involves. We can know matter 
only by its ap|)earancc8 or attributes. That 
which stands under matter — the mdtstance of 
matter (a great philosophic word being used in 
its great sense), wo can ne\’er know ; for we are 
aware only of the changes which its attributes 
produce in us. W'hat we understand by science, 
then, is all phenomenal knowledge, and no more. 
It is a science of appearances, of the “ co- 
existences and sequences betw een phenomena ” ; 
it is not know ledge of being or reality. This is 
by no means to say that phenomena are incon- 
sistent with that which underlies them, or that 
if immediate knowledge of reality were vouch- 
safed to us it would be found to give the lie to 
our phenomenal know ledge. 

The Limitations of Science. Ever 
since the publication of the critical philosophy, 
all but very shallow and soon-forgotten thinkers 
have found themselves compelled to admit that 
in positive science, as it is called, there can be 
found no final answer to the world riddle. This 
is by no means to deciy science or to question 
the immense practical value of science — its 
services as a source of intellectual interest, and 
its facts as directly related to human life ; it is 
merely to recognise the basis on which science 
rests and to which she is confined. Positive 
science cannot give a positive answer to any 
ultimate questions, but only to phenomenal 
questions or questions regarding phenomena. 
It was John Locke, one of the greatest of Kant's 
predecessors, who, in his “Essay Concerning the 
Human Understanding,” defined the impassable 
barrier to our scientific knowledge. He showed 
that we have .no innate ideas, and that we are 
dependent for all our knowledge and aU our ideas 
upon aenscUion, in the first place, and, in the 
second place, reffection on previously gained 
sensations. His famous conchision was ; 



“ Nothing is in the mind that was not first in the 
senses.” Now, this assertion in itself is not 
equivalent to the assertion that all our knowledge 
is only phenomenal. It might be that, as some 
of the Greeks supposed, sensations were due to 
faint copies of objects — ghosts or emanations — 
which were given off by them and entered our eyes. 
But, as we aU know, that very naive idea has long 
ago been superseded, and the nature of sensation 
has been, in some measure, elucidated. 

We Know Only Ourselves. The 
question, observe, is as to the nature of sensation, 
not as to its range. Our knowedge, of course, 
is imperfect so far as the range of sensation is 
concerned ; our eyes appreciate only a narrow 
portion of the compass of a certain type of 
ethereal waves, our ears only a few octaves of 
those waves which, if audible, we term sound, 
and so on. But the really vital matter is not the 
range or extent of sensation, but the kind and 
degree of validity that must be attached to such 
sensations as we do obtain. The beginning of 
all that we know and all that we can conceive 
consists of changes in our own consciousness. 
We may make many inferences from these 
changes, and undoubtedly these inferences 
may be commonly justified by results. Never- 
theless, at bottom, we know nothing more or less 
than changes in ourselves. When you look at 
this page you are aware of a change in yourself, 
a change in your consciousness, and nothing 
more. At first sight this may seem a somewhat 
startling way of stating the facts, and yet it will 
bear continuous thought, and only seem more and 
more valid. Here, in the admirably clear words 
of Lewes, is the reply of Kant and Locke to the 
dogmatist, after they have investigated the 
elements of thought : 

“ But this Understanding can never know' 
liiings per se. It is occupied solely with its own 
Ideas. It perceives only the Appearances of 
Things. How would it be possible to know 
Noumena ? By stripping them of the forms 
w'hich our Sensibility and Understanding have 
impressed upon them — t.e., by making them cease 
to be Appearances. But to strip them of these 
forms we must annihilate Consciousness ; w'e 
must substitute for our present Sensibility and 
Understanding a faculty or faculties capable of 
perceiving Things per se. This, it is obvious, we 
cannot do. Our only means of communication 
with Objects are precisely this Sensibility and 
this Understanding which give to Objects the 
forms under which we know them.” 

The Philosophy of Idealism, The philo- 
sophy called idealism may seem to each of us to 
be the very last thing that he could conceivably 
believe, yet it is interesting to observe how, again 
and again, the idealist thrusts his voice into our 
argument. At the stage which we have now 
reached, for instance, we have the voice of 
Berkeley, who overhears us saying that “ all we 
are aware of are changes in our own conscious 
ness.” ” Can you not see, then,’\he w’ould say, 
“ that what you are aware of and what you have 
admitted that you are alone aware of, is all that 
is ? Material things have no objective existence 
— no existence outside yourselves ; the external 
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world which you persist in postulating as the 
noumenon or substance, the attributes of which 
cause changes in your consciousness, is a figment 
of your imagination. You put together in your 
mind certain attributes, such as form and colour 
and extension, shall w'e say, and then you 
invent something in which they subsist and 
which you call matter. But this is a creation 
of your mental act, and nothing more.” 

“ Verily,” as David Hume remarked, “ these 
are arguments which admit of no answer and 
produce no conviction.” But at least let us try 
to understand them, and to respect them. They 
cannot be answered, as Dr. Johnson foolishly 
thought, by kicking a stone. Their conclusion 
is absolutely incredible, but they have never yet 
been answered at all. 

Scepticism. So much for one solution of 
our difficulties when we come to criticise the 
conditions of knowledge. Apart from it, how- 
ever, we seem to find ourselves landed in 
scepticism. Here, again, is a philosophic term 
which, like all the rest, has been used in 
many senses, and, as in the other cases, we 
must try to get from the word its full value. 
The doctrine of Kant, that our knowledge can 
only be phenomenal, is, of course, a form of 
scepticism. That is evidently a proper use of 
the word. There is happily passing from currency 
its emplo,\Tnent to indicate someone who, for 
instance, doubted the truth of the story of the 
manufacture of Eve. Whatever we do, let us 
at least .see in this word a purely philosophic 
term without any moral or theological implica- 
tions of any kind. 

The Kantian doctrine, then, we have said, is a ^ 
form of scepticism, but we must clearly dis- 
tinguish it from, for instance, the classical 
scepticism, or even from that of Hume. The ‘ 
sceptics of the antique w orld did not distinguish 
between the possibility of a science of phenomena 
and the possibility of a science of noumena 
or a science of being. Reflecting upon the 
limitations and conditions of our knowledge, 
and especially on the impossibility of discovering 
any absolute test of truth, they felt themselves 
compelled ta deny the validity of all our know- 
ledge w'hatsoever. 

The Absurdities of Absolute Scep- 
ticism. But some indication of the absurdity 
to which such an attitude leads us may be 
found i|^ such a remark of the sceptics as this : 
“We assert nothing — no, not even that we 
assert nothing.” Such must be the absurdities 
in which absolute scepticism lands itself, and 
there is a world of difference between it and the 
position of Kant who said that “ the under- 
standing w as not treacherous, but limited ; it 
was to be trusted as far as it went, but it co%M 
not go far enough ; it was so circumscribed 
that philosophy was impossible.” 

It is this relative scepticism, or this renuncia- 
tion of scientific dogmatism, this formal assertion 
that science deals only with proximates, appear- 
ances, or phenomena, that characterises the 
greatest thinkers of to-day. It is, of course, a 
form of agnosticism, or, rather, agnosticism is a 
form of it Here, ^ again, is a word to which 
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moral implications have l>een attached, but these 
we must here ignore. Now let as recognise at 
once that this renunciation of the right to dog- 
matise works out in more ways than one. 

Agnosticism. For the moment let us assume 
that the preceding arguments are all valid, and 
let us see what follows on this assumption. First 
of all, certainly, there follows the explicit 
limitation of the range and rights of science. 
That limitation is extremely unwelcome to 
c(?rtain students of science, and is very com- 
monly ignored by those who confine their study 
to the material sciences alone. On the other 
hand, this agnostic assertion of science regard- 
ing her own powers is extremely welcome to 
those who were distressed or disgusted at the 
claims w'hich certain people used to make for 
science not so very many years ago. Everything 
pure and lovely and of good report, every belief 
that contained a vestige of beauty or of hope, 
the basis for everything and anything that made 
life worth living at all — these, we were told, 
must be abandoned. They were condemned by 
science, the all-knowing, and must away. This 
dogmatic position was held for some decades 
of the nineteenth centur 3 \ though not by its most 
illustrious men of science. The complete renun- 
ciation of any right to dogmatise on ultimates 
has naturally enough brought great relief to 
those in whose eyes it seemed as if the dry light 
of science, claiming to illuminate human life, 
would succeed only in charring and blackening it. 

But this is by no means all. It might well have 
been foretold that when, of two rival schools of 
dogma, one was found to declare that, after 
all, its knowledge was only relative, and its be.st 
dogmas were symbols, the opposing school should 
count the recantation as almost equivalent to an 
admission of its set of dogmas. 

Dogmatism. It would be idle on a serious 
page to ignore the all-important historic fiict of 
the controversy between scientific and theo- 
logical dogma — a controversy which became 
so acute in the second half of the nineteenth 
century. But if we are to endeavour to be 
impartial we must be consistent with our 
criticism of knowledge. The honest man of 
science, for instance, will candidly admit that, 
owing to the fundamental structure and cir- 
cumstances of the human mind, his knowledge 
is not ultimate, but relative, his dogmas are not 
literally true, but merely tentative symbols — 
all his knowledge, in short, only of the relative, 
only of phenomena, only of the surface. “ But,” 
he will go on to say to his adversary, “ you, my 
friend, are in the same boat ; you cannot have it 
both ways. You make many assertions of a 
striking character, not merely as regards the 
spiritual world of love and duty w'hich you and I 
alike can know directly, but also regarding the 
world of sense and phenomena. The conditions of 
knowledge for me, so far as the w’orld of 
phenomena is concerned, are also the conditions 
of knowledge for you.” 

In the light of such imbecile phrases as the 
“ bankruptcy of science,” it is w^ell, perhaps, for 
us to state this aspect of the question. Having 
done so, let us go on to observe the consequences 


which have followed the application of the critical 
method to that which is by far the oldest, the 
most popular, and the most plausible of all philo- 
sophic systems — the system called materialism. 

As has happened so often before in our 
reading, here Ave come upon a w'ord to which 
improper meanings and innuendoes have been 
attached, more especially by those whose own 
philosophy, if it were to be examined, would 
be found ludicrously materialistic. By sonu' 
curious set of sequences, the word materialism, 
which is properly a technical term of philo- 
sophy, has come to signify, in popular usage, 
nothing more nor less than Mammon worship. 
How this should have come about really does not 
matter at all, except that in part it has un- 
doubtedly l)een due to the odium theologicum. 
At this late day, perhaps the best that we can 
do is to employ qualifying adjectives which will 
enable us to distinguish between two totally 
unconnected things — practical materialism and 
the philosophic doctrine called materialism. 

Materialism. The confusion of terms is 
perhaps of lessening consequence since material- 
ism as the name of a philosophic doctrine is no 
longer of any current value. The doctrine which 
was formerly called materialism requires to be 
renamed energism in its new^ form, as we shall 
see. Meanwhile, let us ask what the doctrine is. 
The philosophic doctrine known as materialism 
asserts that all reality, everything that exists, may 
be finally and completely expressed in terms of 
matter or “ matter and force ” or “ matter and 
energy ” or ” matter and motion.” As a working 
hypothesis this doctrine has never been so 
widespread and so generally accepted as it is to- 
day. It is interesting to note, however, that it is 
quite definitely, in these days at any rate, the 
philosophy of the half -educated. It would Ire 
very difficult to name any great living thinker 
who is a materialist, and it would be impossible 
to name any professt’d student of psychology 
who subscribed to this doctrine. Nevertheless, 
its importance as a system of thought cannot 
be over-estimated, and we must study it most 
carefully. We shall have to note, also, that 
materialism is noAv taking a somewhat morci 
refined and subtle form in consequence of recent 
advances in the physical sciences, and that in this 
form it certainly gains both in plausibility and 
in importance, for it will now be found to make 
an appeal to many people whom the cruder 
materialism would have repelled. On the other 
hand, it loses weight with people of less mental 
calibre. Let us look at the history of this subject. 

The Father of Materialiam. Material- 
ism may claim as its first parent one of the 
most illustrious men of the antique world, 
Democritus of Abdera (about 460-360 B.C.). 

Beyond a doubt his was one of the greatest 
minds in history, not only in its actual con- 
structiveness but also in its seminal or seed- 
bearing quality. His ideas, taken up by other 
men, have maide a dozen great reputations that 
have lasted from antiquity until to-day. Yet 
of all his great sayings there is, perhaps, none 
greater than this, “ We know nothing really, 
for the truth lies in the depths.” This is a 
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profound epigram which his followers, as is 
the manner of followers, have too often for- 
gotten. The vaguest part of his philosophy 
was certainly that which concerned itself with 
mind, and he does not seem to have been con- 
sistent in this respect. This is a characteristic 
of all materialists — if, indeed, we are absolutely 
warranted in calling Democritus such. At one 
time he certainly taught that “ the body was 
made up of material atoms, the brain as well ; 
the mind is a function of the brain, and for him 
the soul was the mind. It was made up of fine 
smooth, round atoms, similar to the atoms of fire ; 
these are the most mobile of all ; penetrating the 
l)ody, they give rise to the phenomena of life.” 

The Essence of Materialism. Among 
his fellow countrymen Democritus found suc- 
cessors. Empedocles, for instance, working 
upon the idea of what his master was the 
first to call “atoms,” wrote of the “loves and 
hates of the atoms,” a doctrine which, as we 
must see, regards the atoms — that is to say, 
the phyTsical — as the ultimate reality, and the 
psychical as a mere attribute or function or 
property of it. This is the essence of materialism ; 
that mind is an attribute or property of not- 
mind, or, to phrase it in the older terms, that 
mind is a function of matter. 

The most illustrious of the materialists after 
Democritus himself is the Roman poet Lucretius 
(about 95-52 b.c.). His great work was a long 
|K)em, “ Concerning the Nature of Things,” in 
which he expounds the principles of Democritus, 
transmitted to him through the writings of 
Epicurus. The poem is absolutely unique in litera- 
ture ; it is a poem not merely in form but also in 
substance, one of the most truly poetic, elevated, 
and l»eautiful poems that have ever been wTitten. 
.A line in it — directly due to Democritus — was des- 
1 ined, after some 18(K) years, to generate the idea 
of the nebular origin of the solar system in the 
mind of a Teuton-Scot named Immanuel Kant — 
liiinself one of the greatest but one of the least 
poetic of men, destined also in later years by his 
criticism of knowledge to destroy the whole edifice 
of materialism at its very foundations. 

Truth in the Dark Ages. Not long after 
the time of Lucretius, the life and thought of 
Europe were obscured in the thousand years of 
darkness. There were no great thinkers: truth, 
or even error seeking for the truth, had ceased to 
grow ; nothing was achieved, nothing was learnt ; 
materialism and all other philosophies might 
never have come into being. Then at last 
men awoke from their horrible sleep, and the 
breath of life was found to be not wholly extinct 
in the mind of man. It was not until the 
nineteenth century, however, with its wonderful 
unifications of scientific knowledge, that material- 
ism really came to the fore again as a philosophic 
doctrine. It is fair to say, however, of the great 
materialists of the gener^ion that is gone, as it is 
probably fair to say of Democritus himself, that 
they did not really regard materialism as the 
whole truth. They also realised that “ truth lies in 
the depths” even though, short of that, every- 
thing, including even the facts of mind, seemed 


to be explicable in terms of matter and motion. 
The most notorious materialists of the nine- 
teenth century w'ere very far from being the 
greatest, and they certainly renounced any such 
doctrine as that truth lies in the depths. Some 
of their names may be noted. 

Some Materialist Ideas. The first of them 
wjis Feuerbach, who will long be remembered tis 
the author of the saying, “ Man is what he eats.” 
Closely following him was Carl Vogt, whose 
name in its turn will be remembered for his 
saying, “ Thought stands in the same relation 
to the brain as the bile to the liver or the urine 
to the kidneys.” Then Moleschott coined the 
famous phrase, “ Without phosphorus no 
thought,” leading him on to the conclusions 
that thought is a movement of the matter of 
the brain and that “ without matter there is 
no force, without force no matter.” Then there 
came the exceedingly celebrated work ■ of 
Buchner called “Force and Matter” {Kraft 
und Staff). It is the most famous of all material- 
istic treatises, and its date of publication, 1855, 
is worth noting. Many of the so-called material- 
istic assertions of that book are now commonly 
admitted. Our concern here, however, is not 
with them, historically important though they 
were, but with his assertion that mind, “ like 
light or heat, electricity or magnetism or any 
other physical fact, is a movement of matter.” 
His own words are that psychical activity is 
“nothing but a radiation through the cells of 
the grey substance of the brain of a motion 
set up by external stimuli.” This involves the 
doctrine that your consciousness of yourself, 
your self-consciousness, is a material motion. 

This is evidently the most ludicrous asser- 
tion that can lx? made ; but that is materialism — 
which w’e are about to analyse more closely. 

The Newer Materialism. There are 
really good reasons why the w ord “materialism ” 
is ceasing to have any but historical interest. 
One such reason, certainly, is the confusion of 
the word w'ith certain moral issues in a w'holly 
irrelevant manner. Yet another, and a still 
more important, reason is that in the present 
state of science the w'ord does not at all express 
any form which can be assumed by the doctrine 
for which the word stands. What materialism 
really means is that the external w'orld is the 
only reality, and that the psychical is a more 
or less Mcidental property of it. But the word 
as it stands says more than this, for it suggests 
a purely scientific proposition — namely, that 
the external w’orld can be resolved into matter. 
Buchner himself, at the last, besought his followers 
to abandon the word “materialism ” and to sub- 
stitute “ monism ” for it, his reiison being the very 
proper one that “ a philosophy not of matter as 
such, but of the unity of force and matter, is not 
materialism.” Nowadays we substitute the word 
“energy” for “force,” and then the criticism 
holds — indeed, it much more than holds, as 
we shall see. Biichner’s advice has, indeed, been 
followed, and the word “ monism ” has come to 
succeed very largely the older term. The word 
is important, and we must examine its uses. 
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INFECTIOUS ILL-HEALTH 

subject of infectious ill-health has been 
* treated from a hygienic ])oint of view in some 
detail. What is said here will be su]>i)lementary 
to the consideration already given to the subject 
in the Health articles. 

Typhoid Fever. Cliolera and smallpox have 
been fully treated. In tyjdioid fever, we have a 
disease that runs for tliree to four weeks or more. 
It is generally preceded by a fortnight of weakness 
and depression, and then the t<‘in]>erature rises to 
103'\ and the diarrhoea begins. There is often a 
slight rash on the stomach. The tliird week is the 
nxrst critical. Tlie ulcers in the intestines are then 
at tlicir worst, and if they perforate through the 
walls, death ensues. There is often delirium and 
extreme weakness. There may be hemorrhage. 
About one in six dies of exhaustion. In this disease 
skilled nursing is essential, as well as medical care, 
and nothing but liquid food must be given until the 
temperature has been normal for one week. (Ireat 
care is needed in convalescence, as the heart is 
always much weakened, and for a month or two 
after there should l)e no violent exercise or strain 
of any kind. 

Diphtheria. Diphtheria has also been spoken 
of as regards its causes. It is an e])idemic and 
]K)isonous sore throat tliat starts gradually. The 
local inflammation is severe, and the temjwrature 
rises to 102®. The membrane, that forms like wash- 
leather, may extend down the throat or up the nose, 
and produces great difticulty of breathing and 
sw'allow'ing. There is great weakness, and deatli 
often occurs from exhaustion a.s from suffocation. 
Hecovery is very slow. The great j>rinciple is to 
supjTort the strength in every ]»ossibIe w'ay, so as to 
enable the body to fight n victorious battle. Of 
course, the patient is kept in lK‘d, and the air must 
he kept w'ann and moist. A skilled doc-tor and good 
nurse are needed, and in bad ease.s the injection of 
antitoxin is the most effic-icious remVdy. In 
eonvalcscenee, very generous diet and bracing air 
is needed. 

Measles. Measles is an infectious catarrhal 
fever, w'ith a crimson spotty rash. In the (ierman 
variety there is more sore throat and less rash. 
AH the mucous inembrane.s are inflamed, and the 
sneezing and coughing distribute the infection 
through the air. It is most contagious at the 
beginning of the disease, when the catarrh is acute ; 
the eyelids are red and swollen. The eruption 
appears on the fourth day, ancl lasts four days, and 
is in the form of red dots arranged in crescents. 
It often affects the eyes and ears jKTinanently, and 
hence care is required in all bad cases to avoid this. 
Medicine is not ujuch needed; a l^ecl in a warm 
room, well isolated, with mild milk diet, is required. 

Typhus and Scarlet Fever. Typhus 
fever is so rare now in this country that it need not 
Ik* described, nor must it be confounded with 
typhoid fever, which is still common. Scarlet 
fever or scarlatina is an infectious fever in which 


the skin hecomes scarlet from a very minute erup- 
tion, wliieh starts about the second day and 
snb8ide.s about the fifth. The throat is inflained 
and very sore. Like measles, it is (common in 
c-hildhood. hut is more dangerous and leaves worse 
results Ijcliind it. Tlie fever rises higher, and tlien* 
is special danger of inffammaiion of tlie heart aiul 
kidnej's. After the rash has subsided the old 
skin begins to peel off, either in fine dust, like bran, 
or in larger pieces. This is a slow' ))rocess, and 
sometimes takes six weeks, as the bits of skin spread 
the infection everywhere : the ]>atient has to be 
most strictly isolated until it is quite eomjileted, the 
toes being always the last to be affected. 

In simple cases, a w'arm room, light food and 
free action of the skin by w’arm drinks is sufti- 
•rient. When the peeling l>egins, tlie skin should 
Ik* oiled to ))revent the particles from Hying about. 
As soon as the temjierature is normal good nourisb- 
ing food is required, and after all is over a month 
or so of convalescence is needed. A doctor should 
always be called in to watch the heart and kidneys. 

Chicken-pox. Chh^ken-pox would be a trifling 
com plaint were it not that the rash, wjiieh consists 
of large scattered vesicles, few' in number, tend to 
form large and unsightly scars w'hich, W'hen they 
occur on the face, are most disfiguring. Every care 
should be taken to prevent the face Ix'ing marked, 
but little other treatment is required. 

InDuenza. Influenza has been s]K)ken of 
pretty fully in the section on Health. It is 
enough liero to impress the fact that the weakness 
caused by the disease is out of all pro]x)rtion 1o the 
a])parent severity of the attack. Every care should 
be taken to avoid chill, es|)ceially after the attack is 
over. This is the time when fatal pneumonia may 
readily l)e set up and dcatli ensue. I'he nervous 
system often suffers severely after this disease. 

Erysipelas. Erysipelas is a contagious 
disease that, as a rule, attacks some wound or 
sore in the skin. It produces great redness and 
swelling, and in the head it is very dangerous. 
The ]>arts affected should lie either treated W'ith 
))ouItice8 or ice cloths, and the strength kej)t uj» 
and all chills avoided. 

Relapsing and Remittent Fevers. Ke. 

lapsing fever runs very high, up to 107°, with 
remission caused by profuse jK^rspiration, which 
lowers the temjicratiire. This generally occurs on 
the fifth or seventh day, and then for an equal 
length of time the patient appears quite W'ell, wjien 
the fever returns as l>efore, but for a aliorter 
jieriod. There is no sjiecial treatment. 

Remittent fever is a malarial one dne to the bite 
of a gnat, and i.s somewhat like relajwing fever, but 
the fever does not wholly abate, but only lessens, 
and that only for a few hours. Quinine is of great, 
efficacy here. 

Mumps. Mumyis is a higlily infectious diseaso 
that attacks the glands at the angles of the jaw', 
with acute pain and swelling. There is fever, and 
a difficulty in taking any solid food. It is common 





in children, and lasts about a fortnight. Poulticeo, 
warmth, and light diet are needed. 

Whooping-cough. Whooping-cough is an 
infectious disease of ^Idhood consisting of violent 
mroxysms of coughing. It lasts about six weeks. 
There is a spasm of the bronchial tube and a feeling 
of suffocation. Fresh air is good. In severe cases 
a doctor should be seen. It lasts from four to eight 
weeks, as a rule, and causes great weakness. 

The other infectious diseases, such as plague, 
yellow fever, anthrax, glanders, tetanus, etc., are, 
fortunately, sufficiently rare in this country not to 
reqiiiro special mention. 

Finally, one may say that the infectious diseases 
are theoretically all preventable, and moat of them 
are so, practically; and while with regard to treat- 
ment, if the case be mild, simple rest in bed till well 
is the main thing. In the severe cases, and those 
with complications, medical care is essential. 

NERVE DISEASES 

We now reach a class of di.sease that is of unusual 
interest, as with the increasing complexity and 
pre.ssure of life it is getting; more and more common ; 
so common, indeed, that it is probable that there is 
no one who reads these pages whose family is 
wholly free from it. 

The worst is that there arc not only a large 
variety of nervous diseases, but, as the nervous 
energy is really the driving jiower of all the complex 
organic machinery of the various systems of the 
body, when it is deficient in force it is quite jwssible 
there may be no definite disease. And yet there is 
such a general lowering of the activity and force 
of all parts of the organism that it amounts to a 
condition far more distressing than many diseases. 
This nervous debility is very common in minor 
degrees amongst many who work hard, all who 
w^orry, and more who idle ; and yet it i.s only when 
it is very severe that it is recognised as a disease 
and called neurasthenia. 

We will briefly glance at the leading organic 
diseases, and then at those which are functional. 

Neuritis. This is a rare disease when it 
consists of inflammation of the nerve trunks, but 
as an affection of the minute nerve endings (peri- 
pheral neuritis) it is fairly common. There is a 
great feeling of numbness, together with pain in the 
part affect^, which may be a limb or some part of 
the body. When it affects the body it is often 
called liarprH. It throw's out a cup of small pearly 
vesicles over the course of the inflamed nerve often 
like a gird’ * Inlfway round the body. These are 
intensely painful, and last a week or more. In 
neuritis we got little or no general fever, but the 
affected ]>arts must be protected and the patient 
got into good general health. Neuritis often arises 
from some form of nerve |K)ison, particularly 
arsenic. Hot fomentations and water dressings 
arc often needed, and some faradic electricity is 
useful in resi-n;- the sensation of the affected part. 

Apoplexy. Apoplexy is a sudden state of 
insensibility brought on by a clot of blood in the 
bruin or the rupture of some blood -vcasel. It is 
therefore common in elderly or plethoric |X?ople, 
where the blood pressure is too great, c" the arteries 
too weak. High living, sedentary habits, short 
necks, and obesity also predispose to it. The 
])ationt becomes suddenly unconscious, and paraly- 
sis of one side (the opposite to the part of the brain 
nffecte^ often follow's; or death mav ensue at 
once. The respiration is slow, the body clammy, and 
froth appears at the mouth. All clothing should 
be loosened, and cold water applied to the head; 
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great care is needed in giving anything by the 
mouth, and enemata are often useful. It is, of 
course, necessary for a doctor to deal with the case. 

Meningitis. Meningitis is an inflammation 
of the membrane covering the brain. It is most 
dangerous, and when tubercular, as in consumptive 
people, rapidly fatal. It is common in children, 
and may arise in its simple form from a blow or 
fall, or ear disease or sunstroke. The symptoms 
are fever, great pain, twitchings, delirium, squint, 
and, when it extends to the upper part of the 
spinal cord, retraction of the head. Medical advice 
should be sought at once. The brain itself may be 
inflamed. 

Encephalitis. The symptoms are similar to 
meningitis, with vomiting and convulsions. The 
disease is fatal. 

Chorea or St. Vitus Dance. This is a 
disease of childhood, with irregular movements 
and twitchings due to some brain disturbances. 
The child should be isolated, well fed, and kept 
quiet and restful until the disease is cured, w'hich 
generally takes several weeks. A doctor is needed. 

Insanity. Insanity may spring from a variety 
of causes, the chief of which is hereditary. If acute, 
it is c^^ mania ; if partial, monomania ; if nerve 
weakifll^ dementia ; if the intellect is absent, 
idiocy. The best treatment is removal from all 
exciting causes with plenty of distraction or occu- 
pation, healthy surroundings, good plain food, and 
plenty of sleep. 

Diseases of the Spinal Cord. Diseases 
of the spinal cord are either paralysis or spasms of 
various parts of the body, according to the region 
of the cord affected, or the inflammation of the cord, 
with agonising pain over the spine. As a rule, spinal 
diseases are incurable, and though they do not 
threaten life like diseixses of the brain, they often 
cause lifelong misery. 

We now turn to the functional nerve diseases, 
which we will consider in more detail, inasmuch 
as they are more common and easier to understand 
and treat than the organic diseases of which we 
have been speaking. 

Headache. Headaches fall naturally into two 
great classes, those inside and those outside the 
skull. We will first of all consider the causes and 
varieties of “ external headaches ” — headaches due 
to something wrong betw’een the skull and the skin. 
In every case this “ something wrong ” is a nerve 
or nerves ; all external headaches are, therefore, 
e.ssentially neuralgias, or nerve-pains. Frequently 
they are across the forehead, less often ^they are at 
the back of the head ; somoiimes, again, they may 
include “ tic ” or faceache, and involve the nerves 
of the face. Sometimes, again, they seem to start 
from the ear as a centre, and play more roxmd the 
side of fhe head. 

These headaches are not generally caused directly 
through study, but are duo either to general ill- 
health, or to some local chill or inflammation. A 
tight hat, pressing as it does severely on all those 
scalp-nerves, is often the cause ; great bunches of 
hair coiled u]i behind is another. A cold east wind 
blowing on the forehead is another. They may 
spread from other nerves ; toothache or earache, 
for instance, may cause this headache. 

These are the headaches where local applications 
are very good, such as menthol, crystal and 
ointment, cold and heat, many liniments, and, if 
the car be affected, a single drop of chloroform on 
cotton-wool. 

One particular form of tliis headache seems to 
take exactly half of the head or face, beginning 
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with a disturbaiK'O of the eycsijjht, and going on 
to violent sickness, often accompanied with a 
terrible pressure. 

In headaches of this iiitonsit}" sleep is a panacea, 
and it can generally be obtained naturally or 
artiticially, the former l)eing of course the best. 
We will consider means of best producing this 
later on. 

Neuralgic Headache. Let us always 
remember that in these neuralgic headaches, heat, 
]>rot>erly applied, will always sulxlue surface ]uun. 
For instance, for a neuralgic headache that will 
not yield to other remedies, put the kettle on the 
fire, and a basin on the table, with two squares 
of flannel. Pour boiling water on them, and then 
nip one up by the corner, and drop it in a towel fixed 
by one corner round the leg of the table, or anything 
else, and then twist away at tlie other, wringing 
the flannel dry. Put this on the head, and imme- 
diately seize tlie second piece, wring it, and now 
taking oflF the tii*st })iece, and drop])ing it in the water 
(kept boiling) put it on the head. Xow’ take the 
lirst piece out of the water again, wring it, and j>la<‘e 
it on instead of No. 2, and so on without ceasing, 
and in a few minutes the pain will be sulxlued. 

lict ns now* think of the larger subject of true 
internal headaches, commonly arising from too 
little or too much blood circulating in the brain. 

Internal Headaches. Some people have 
very little and very poor blood in the body — not 
enough to be everywdiere at once ; so if tliey study, 
it goi's to the head and leaves the feet cold, while if 
they eat, it goes to the stomach and leaves the brain 
bare, and brings on a headache. It is indeed difficult 
for anyone effectually to use body and brain at the 
Riimc time. 

Headache from deflcicncy of blocxl in the brain 
may Ik? recognised by its lx*ing at the top of the 
head, by )>allor, by dizziness, and frecpiently by 
noises in the ears. Those are the headaches liene- 
lited by slight stiimilants — strong tea or coffee, 
hot soup — anything, in short, which increases 
the circulation ; also by lying down with the head 
low*. Such people should also sleep with the head 
low*. 

The opjx>site state is when (he head is too full of 
bluod. the face flushed, the temples throbbing, the 
]»:iin excruciating, and the jiatient unable to bear 
a strong light or miich noise. This is a ** splitting 
hcadaclie, " and seems to l>e all over the Iiead. 
It is brought on in those who have plenty of blood 
by worry, by too much study, by irregular or too 
rich livinfir by gout, and is often accomjmnied by 
})alpilation of the heart and dys)K*pKiH. ^lustard 
foot-baths are \'ery good in these cases. 

Bilious Headaches. We all recognise a 
bilious headache with its weight across the forehead, 
its spots before the eyes, its feeling of naii.sea, and 
the intense and instant relief when at length 
sickness comes on. Of course, such a headache in 
a weak or sickly ]>erson is much intensified, 

A fourth variety arises from j>ressure or disturb- 
ance of the nerve substance of the brain itself. 
It is a dull, heavy pain, sometimes .splitting in 
character, and sometimes with dim sight. It 
generally reaches from the forehead right on to the 
top of the head. Here again, strong light and noise 
are much disliked. 

Amongst other causes, it is brought on by a 
long raiiwa}" joumev, the vibration of which has 

I M’oduced innumerable slight concussions of the 
>rain, and altogether shaken it f)retty considerably. 

A good meal will sometimes relieve it, sleep at 


other times, or the mustard footbatli again ; but 
in many cases nothing will do but medical advice. 

Yet another headache seems to spring from sheer 
exhaustion. It is a headache all over the head, 
and is relieved by a good meal and cessation of all 
brainw'ork. Strong coffee w ith a biscuit will relievo it. 

In the aged headaches are common from defective 
circulation in the brain arising from changes in the 
blood-vessels consequent on age. They are luird to 
cure, and hard to bear. Slee]) also is not easy 
to obtain in advanced age, and probably the best 
remedies are gentle stimulants ; if too strong tliej^ 
become dangerous. 

How to Prevent Sleeplessness. Sleep 
is such a cure for most head troubles that one or 
two hints as to how* to best obtain it may fittingly 
close our remarks on this painful sjibject. 

A cold bed is often a great hindrance to sleej). 
('otton sheets instead of linen, and in cold weather 
a warming pan. will frc(iuently make all the differ- 
ence l)etween a good and a bad night. 

Cold feet, again, are another fertile cause. These 
can lx? best cured by having, just before going to 
bed, two basins, one of very hot, aiul the other of 
(‘r»ld wat-er, and (rntting a foot in each, then crossing 
them and putting the warm foot into the cold W'ater 
and vice versa. I'he constant change violently 
stimulates the circulation. If, then, a ])air of 
fleecy sleeping socks he drawn on, no slcc]>ing 
draught w^ill probably be needed. 

If you wake in the night, and lie awake, getting 
lip in the cold and taking a turn, and then returning 
to the w'arm bed w'ill often ])roduce sleeii. 

If the body is too hot, an arm or a leg left outside 
the clothes wull low'er the tem]>erature. 

Fresh air is a truer and better so])orific than 
poisoning with carbonic acid gas. nierefore sleep 
with the window oiien and the door shut. 

If the head be hot or throbliing. lie with the head 
high, and, if necessary, wrap the logs round w'ith 
w^et clothes covered w'ith waterjiroof. Tliis is an 
excellent plan. 

Hunger and Sleeplessness. Hunger is 
a common and iinsiis|>ccted cause of sleeplessness 
and also of headache. People dine at six or seven, 
and have nothing more till nine next morning. 
Others dine at one or two, and have a cu]) of tea 
and a slice of bread-and-butter at seven, and 
nothing till next morning. These jh'ojiU* go to lied 
hungry and lie awake. A sufficient su|)j)cr at a 
reasonable hour — a chop, or a fiowl of hot hread- 
and-milk, or a plate of oatmeal (lorridge — will make 
all the difference, and in drawing the blood to the 
stomach will enable the brain to rest. 

Another cause of sleeple.ssness is brain excitement 
late at night. The brain gels so full of blood that 
it cannot rest. Here the remedy is obvious. 

Functional nerve disea-ses generally are, as a rule, 
little understood, and meet with little synijiathy. 

Listen to tlie usual treatment of a nervous case. 
When one of these vi(;tims to hyfiochondria, who 
are commonly called maladvs iwaginainwi, has 
recourse to medicine for the relief of pain, or some 
other disturbance, he is usually told it is of no 
iiiiportanee ; that he is fanciful, and some anodyne 
is carelessly prescribed. Tlie patient, wdio is really 
suffering the pain he has suggested to himself, feels 
convinced that his malady is not knowm, and that 
nothing can be done for him. I’he idea that his 
complaint is incurable becomes intense in proportion 
to his high opinion of the physician’s skill ; and thus 
the patient, who was siiffciing from the painful 
affection suggested by his mind, often goes away 
not only nnciired, but incurublc. 
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A disease due to the imagination m not necessarily 
an irmgina/ry disease, but may produce various 
functional and even organic disturbances. A wise 
ph^ician once said : '' If a man is so ill as to say he 
is ill when he is not ill, he must be very ill indeM.” 
The diseases groujxjd under the heads of nemas- 
thenia, hysteria, and so on, are real in origin and 
effects, and formidable in their nature ; and it is 
high time that the ridicule, the offspring of ignorance, 
with which they have been so long surrounded, be 
entirely done away with. A nervous invalid is a far 
greater sufferer than a man with a broken leg ; 
nut wo are content to dismiss the former as “ omy 
hysterical,” and more sympathy and less contempt 
is often felt for a drunkard than for a neurasthenic. 

Nervous t^ople are the very salt of the earth, 
and the leading in every profession are drawn from 
their ranks. They are men with brains that thrill, 
that feel, that arc quick in action, firm, clear, and of 
high organisation. It is the nervous men that rule 
the world, and it is the children of those people who, 
inheriting the nervous organisation of their parents 
without having their safety-valve of hard work, 
form the bulk of our nervous sufferers. At the same 
time, just as a man can get gout from too little food 
as well as too much, so we have a large class who are 
ill from too much work and worry, instead of too 
little. The nervous diseases among this class far 
outnumber all others. 

A Disease that is on the Increase. 

Neurasthenia is the general result of overstrain of 
the nervous temiwrament, and is said to be on the 
increase, the growing tension of life being quite a 
sufficient cause. Constant brain irritants in the 
ideal centres, in the shape of small but peri)etual 
worries, render the other nerve centres as morbidly 
sensitive as a constant 8 ucce.s 8 ion of slight needle- 
pricks all over the body would the terminal sensory, 
nerves. The manifestations of the early irritant 
stages of neurasthenia are numerous. rh3r8icully 
they may include constant movement of the body 
and face, sharp cough, hoarseness, quick breath, 
starting and pal])ilation, timidity, irritability, 
melancholy, and a dread of being alone or in a crowd. 
If neglected, it may end in hysteria or organic 
disease. 

Referring to the thi'ee divisions of the brain, the 
cause may be said to bo largely the result of want of 
control by the upper over the middle district, whi 
may be due to inherent weakness or to exhaustion 
from overwork or worry. The constant movement 
characteristic of this condition is in itself a sign of 
weakness in the higher centres. A baby is always 
in motion. As we grow' older we get (piieter, and 
the man with the strong brain only moves for a 
definite purpose. Repose, not movement, is a 
sign of brain power. 

The further stage of nervous de‘?iiity is a still 
worse disorder, ft is the manifestation of nerve 
exhaustion rather than irritation. It is the f equent 
result of excesses of all kinds. It is characterised by 
7>hy8ical weakness, mental lassitude and apathy, 
occasionally varied by a false and capricious, but 
evanescent, energy. It is often combined in varying 
degrees, as would naturally be supposed, with ner- 
vousness. In both of these disorders the first step 
in treatment is to seek out, and, if possible, remove 
the cause. Skilled treatment of a special character 
is, as a rule, needed. 

Hysteria. Hysteria is a nerve disease of a 
different nature altogether, though it may be the 
result of the preceding disease, or may arise from 
any sudden mental or physical shock; or it may 
spring from hereditary causes, as we have already 


seen. The disease is most common in the spring, 
when the nerve system is least balanced. It often 
consists in the distinct manifestation, or perfect 
simulation, of disease not merely in irregular oodily 
or mental action. In hysteria proper there is no 
intent whatever to deceive, and it must carefully be 
distinguished from malingering, which is a direct 
attempt at fraud, and for which no contempt and 
ridicule can be too severe. 

Hysteria is, on the contrary, a rejil and most dis- 
tressing disease. It is common in the under and 
overworked, in the badly trained and imperfectly 
educated ; in boys from ten to fourteen, in girls 
from sixteen to twenty-five. Over-education and 
subsequent idleness combined are fertile causes. 
It is often found in jwople otherwise strong-minded 
and clover. 

Hysteria is so common that in many classes of 
ailments it is the general cause, organic disease being 
the exception. Sir B. Brodie states that four- 
fifths of joint disease among the upper classes arc 
hysterical, and one-fifth amongst the lower. 

Hysterical Symptoms. Amongst other 
symptoms of hysteria may be included sharp cough, 
spasms, convulsions, and choking from a ball rising 
in the throat. The spasms may be of any muscle, 
as of the chest, producing difficulty of breathing ; 
or of the arm, or leg, or finger, or toe, producing 
tcni|K)rary or permanent contraction of the part. 
The convulsions or hysterical fits are violent, and 
are greatly aggravated by any notice or sympathy. 
The patient falls without hurting herself, and the 
fit rarely occurs w'hen there are no bystanders. 
Nevertheless, the hysterical convulsion is not a 
sham. It is generally preceded by the feeling of a 
swelling in the throat. 

Hysteria also simulates every known disease, 
including tumours, deafness, blindness, dumbness, 
paralysis, 8 t. Vitus dance, and so on, and is capable 
of prancing, curiously enough, the highest tempera- 
tures of fever. 

The first thing in treatment, of course, is to 
ascertain that the disease is hysteria only. This is a 
most difficult thing to verify in such patients, and 
nothing is more common than to find a disorder of 
the mind treated as a disease of the body. If there 
is, however, clearly no organic disease at the 
bottom, then the case must be one arising from 
nerve disorder, the cause of the nerve disorder being 
either physical or mental, or often a combination of 
both, the brain being, of course, wholly dei>endent 
for healthy action on good blood. 

The Course of the Disease. A vicious 
circle is often kept up in these cases which it is 
absolutely essential to break. They begin, it may 
lie, with loss of a))jietite from some slight cause. 
This, in these cases, leads to disordered thoughts, 
and the^dea of disease begins. This, again, makes 
the appetite still more capricious : the thoughts, 
therefore, get still worse, and so the body starves 
the brain, and the brain the body, and the emaciated 
patient having, probably enough, first of all worn 
out her friends, sinks at last into her grave from 
sheer exhaustion. 

The first thing, obviously, is to remake, as far as 
possible, the vitiated body and brain with fresh flesh 
and blood and nerve ; and then, when we have put 
the patient into the best possible bodily health, 
we .shall have cured the physical cause of the 
nerve disorder, at any rate. Then, or even simul- 
taneously, anv mental and possibly moral, cause 
must be deliberately, scientiiieally, and syste- 
matically attacked bv the careful substitution of 
good Inbits of thought and action for bad. This 

6263 



ILL-HBALTH 


is done mainly by suguestion, but without any of 
the doubtful and unpleasant accompaniments of 
hypnotism. 

Cure by Suggestion. It is important to 
remember that when the brain is restoi*ed to health 
by good nerve tissue and healthy blood, it can be 
made by suggestion to exercise as healthy an influ- 
ence over the body ns ]>reviously it exercised a 
harmful one. If ideal centres can produce ideal 
diseases, surely the rational cure is by first bringing 
these ideal centres into a healthy condition, and then 
making them the means of curing the ideal disease. 
Mental disease requires and can ultimately be cured 
by, mental medicine. Tonics, in helping to build 
U]) the new flesh and blood, arc, of course, valuable. 

Electricity, projx^rly apjflied, is also a thcrai>eutic 
we can seldom wholly disjiense with ; and the 
reason of its value is obvious when we consider it 
is the moat ix>werful agent that we possess for 
direct action on the nerves. 

Jf the case be a severe one, it must be withdrawn 
from all its surroundings during the cure ; and 
afterwards, if these were bad, it must never return 
to them again. 

DISEASES OF SPECIAL SENSES 

In (lonsidering, as we will now do briefly, diseases 
of the special senses, we will at first confine our 
attention to diseases of the eye. 

Squinting. Squinting is often caused in 
children by short sight, and sometimes by over 
brain pressure. It can often be remedied if treated 
early enough. If allowed to persist, the sight soon 
deteriorates in the squinting eye. If an ojKration is 
required, it is a safe one, and, as a rule, successful 
Styes. A stye is an inflammation of the root of 
the eyelashes. It ean sometimes be cut short by 
pulling out the inflamed eyelash and touching the 
part with caustic or carbolic. Hot fomentations are 
also good. An ingrowing eyelash should l>e pulled out. 

Cold in the Eye. ^If the cold, or conjintrtiv’ 
if is is severe a doctor should be consulted. In any 
case, the patient should remain indoors, and bathe 
the eye with warjii water in which alum has lieen 
dissolved in the T)ro}X)rtion of half a teasj)oonfnl to 
a large jugful. It is very dangerous in these cases 
to use any old eye lotion, as incurable blindness 
may result. 

The ophthalmia in inflamed eyes of children is 
extremely contagions, and should Ijc cured at once. 

For a “ black ” eye, hot fomentations, or bathing 
with spirit and water, tincture of arnica or hazeline, 
is l)Ost. 

If anything gets in the eye, rub the sound eye 
well, and the dust will often fall out of the other. 
Never rub the injured eye. Drawing the ii|)jK*r 
eyelashes over the lower often wif>es the dust out. 

Myopia. Myopia is short sight, resulting from 
the eyeball being too long, so that the rays of light, 
instead of coining to a focus or jxiint at the retina, or 
back of the eye, come to a focus in front of it, and 
by the time they reach the retina have separated 
again and produced a blurred image. 

This w corrected by concave glas-ses, which, 
by separating the rays of light, prevent their 
converging so soon and bring them to a jioint 
on the retina, giving a sharp, clear image. 


Hypermetropia. This is short sight from 
exactly the opposite condition. It is very common 
among children, and leads to bad squinting. In 
this case the eyeball is too short, and the rays of 
light have not time to get to a focus on the retina, 
hut would come to a focus behind it. The image 
in this case is also blurred. 

Owing to the power we have of making the lens 
in the eye rounder, we can make the focus the right 
length by a strong muscular effort This, however, 
not only tires us, but as the same nerve that supplies 
the muscle of the lens also supplies the muscle that 
moves the eyeball inwards, this gets contracted too, 
and thus, in the effort to obtain clear sight, children 
produce an internal squint. 

The projier way to treat this condition is evidently 
to wear conr>ex glasses, which, by bringing the rays 
of light together more (jiiiekly, enable them to get 
to a focus in the short eyeball without any strain. 

Cataract. Cataract is an opacity of the lens 
of the eye. It is one of the most curable of serious 
eye diseases, and in China and India the ot)eration 
is often })erformed successfully many times each week 
by young English lady student and others. It 
consists in making a small slit in the side of the 
cornea, through which the opaque lens is slipped 
out. Of course, to see properly afterwards, glas.ses 
of prosier convexity must be worn to take the })lace 
of the missing lens. 

Presbyopia. This is a hardening of the lens 
from old age, and generally begins to come on at 
45 or 50. For reading, and any use of tlie eyes that 
make it necessary for us to alter the shape of the 
lens, w hich has become difficult, great relief is found 
in w'caring slightly convex glasses. 

We must now turn to diseases of the ear and voice. 

Deafness. Deafness is generally the result of 
re]ieated and neglected colds. Heware of juitiing 
dro)is in the ear without medical advice, or of using 
sharj) instruments. Medical advice is alw^ays 
required in these cases, and also in all discharges 
from the ear, which, however, may be gently 
w^ashed aw'ay with a syringe and a little Condv’s 
Fluid. 

In cases of abscesses in o." behind the ear early 
advice should l)e sought, as in neglected cases the* 
inflammation may extend to the membranes of the 
brain and produce fatal meningitis. 

Vertigo. Vertigo may almost be called a 
disease of the ear, as it isde|)endent on a disturbance 
in the semicircular canals. 

Noises in the ear are most distressing. They may 
be caused by the pressure of wax on the drum of 
the ear, b\it as a ru’e are the result of same chronic 
trouble the in internal ear, and are incurable. The 
best plan is so to improve the general health that 
the noises can be endured. 

The Voice. The voice, too, is often in trouble. 
Ill sore throats and laryngitis it is reduced to a 
whisper, and the loss of voice often iiersists long 
after the cause has disapjieared, particularly in 
nervous people. 

Sometimes the loss of voice is not from any finch 
cause, but is due to paralysis of one of the vocal 
cords, or some pressure on them from a new growth. 
Persistent loss of voice not due to colds or «oro 
throats should at once be seen to by a medical man. 
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l!h»huoyancy of each half of a pontoon is 7,0001b., 
immersed up to the gunwale, of which 1,000 lb., 
2,500 lb., or 3,500 lb. (light, medium, or heavy) is 
taken up by the weight of the bridge itself. 

Bridges with Boats or Barrels. Roaia 
can be used instead of pontoons. The best way to 
test their buoyancy is lo load thorn with men 
down to the safe limit; the weight of men, and 
hence the buoyancy, is then known. 

A rule of thumb for infantry in fours is given. 
The number of unarmed men that the boat will 
safely hold (with 1 ft. of gunwale above water) 
divided by 4 equals the central interval between the 
boats. At the same time, the width of waterway 
between piers must never be less than the width of 
one pier. 

In other respects, boats are treated just like 
pontoons, the only difficulty being the fixing of 
saddles to transmit the weight of the bridge to the 
boat. This should be done by upright struts to the 
keel, or cross-pieces across the gunwales. If two 
boats are to be joined together in one pier, place 
them stern to stern [5]. 

Barrels or casks can be used, lashed to long spars 
to form piers ; good watertight barrels will rarely 
be found in sufficient quantities to be of any prac- 
tical use, except for shore ends. 

The buoyancy of a barrel = 5 C-L ~ ir, where C 
is the mean circumference of the barrel in feet, L is 
the length in feet along a stave, exclusive of the end 
projections, and w is the weight of the barrel in 
lb. (usually neglected). Only nine-tenths of this 
result should be taken in practice. Another rule 
of thumb is buoyancy in lb. contents of the 
barrel in gallons x 10. 

Barrels are made up into piers by lashing, bung 
upwards, to spars, as shown in 3 and 6. These 
piers are treated in the same way as pontoons. 
The lashings must be made tight. 

Shore Ends. If the water-level be fairly con- 
stant and the banks be quite low, the baulks of the 
inshore bay may rest on a timber sill bedded in the 
ground : if the banks are high, an approach road 
will have to be cut through. The slope of this 
and the end bay must never exceed 1 in 7. 

In tidal waters, shallow near the banks, the inshore 
piers may be allowed to groimd, provided that the 
I in 7 slope is not thereby exceeded, and that the 
bottom will not injure the pontoons. For this purpose 
barrels arc preferable, and should always be placed 
near the shore if there arc both barrel ])icr8 and 
]>ontoon8 in use in one bridge. If the 1 in 7 
slojw would be exceeded by this method, owing to 
the steep slope of the river-bed, a long gangway 
may be used. The bridge would thu*; be available 
for infantry, although impassable for animals except 
at high tide. A better arrangement is got by the 
use of tre.stie-piers, which float at high water, and 
have their length arranged so that when the tide 
falls they ground in succession, taking the weight 
of the bridge off the boats on to themselves [11], 
These trestles can bo improvised. The service 
Weldon trestle is carried for shore ends, having a 
transom which can be raised or lowered by a 
differential chain tackle as the tide varies. The 
superstructure is the same as for x>ontoons. If 
the river is too deep for the use of trestles at all, 
the question becomes very difficult. No de^ite 
suggestions can be given, but the site should be 
avoided if possible. 

A very rapid method for forming a two-plank 
bridge for infantry in single file is shown in 7 and 8 ; 
anchors are required os for all other floating bridges. 


or each barrel may be secured by lashings to a 
cable stretched across the river. 

Pier heads can be made with service pontoons, 
one to two bays being pushed out from the shore, 
and properly moored. 

A flying bridge consists of a large boat, or pontoon, 
or barrel raft set at an angle to the current, made 
fast with a long cable to some fixed point, such as 
another boat, moored in the middle of the stream 
well above the proposed point of crossing. By 
attaching the cable to the raft by a sling in a 
suitable place, the current wdll force the raft across 
the river [10]. 

Strength of Spars. The strength of rectan- 
gular spars may be calculated thus for cross breaking : 
Let w be the weight per foot run on the spar, I be 
the distance in inches between the points of support, 
and h and d the breadth and depth of the oaulk 
available for use {timber ^ ordinary /Zr), then : 

^ X 1200 X bd ‘ 


For example, to test a timber baulk 3J in. x 
6 in. ; how much will it carry across a gap of 
15 ft. 9 in. ? 

Substituting in the formula, we have : 


w X 189- 12 

■ 8 6 ^ 


1200 X i X 6- 


.'. w ~ 70 lb. per foot run. 

Therefore, if required to carry infantry in fours 
at 500 lb. per foot run, eight baulks will bo used. 
Compare the fact that five of the proi^er Kauri 
pine pontoon baulks will suffice. 

For round spars, let I) = the mean diameter; 
calculate as for a rectangular beam, taking b and d 
as equal to B, and multiply the result by ,*^(5. 

Trestle Bridges. The simplest form of 
bridge in most cases, and the only one for railway 
work, is the trestle bridge. The river must necessarily 
not be too deep. Figure 12 shows a simple framed 
trestle for railway work ; modifications of this, 
subject to loads given above, w'ill do for road 
bridges. 

The governing factors in design are the need for 
rapid construction and the nature and paucity of 
materials and labour available. 

Sleepers on the bridge should be placed 1 ft. to 
2 ft. apart, or closer, so os to distribute the weight. 

Stringers^ or rail-}>earers, extend from one trestle 
to the next ; the length of timber available for 
these will usually determine the spacing of trestles. 
Timber baulks, rails, rolled steel beams, or trussed 
timber beams may be used ; any number of stringers 
are permissible ; for timber baulks, the number is 
usually fom: placed two under each rail. Try to 
get stringers long enough to span over two trestles, 
and let them break joint on alternate tre^itles. If 
there is only a single stringer under each rail, use 
a bolster to get a l^aring [ 14 ]. 

Stringers should be given a 1-in. check over 
trestle cap, and be spiked, bolted, or dogged to it. 
Timber baulks are suitable up to spans of 15 ft. 
to 20 ft. Four 12 in. x 12 in. baullu will do for a 
15 ft. spacing of trestles for all locomotives at low 
speeds. The sleepers are spiked to the stringers. 

Rails are good for short spans (such as broken 
culverts), laid close together side by side ; the ends 
of the rails should he embedded in the ground 
under the permanent way, if jjossible, at each side 
of the gap. Five rails (steel, 56 lb. par yard) under 
each rail will carry all engines over an 8 -ft. gap. 

To calculate timber stringers, consider the heaviest 
pair of engine wheels as placed at their centre, and 
let their weight bi W on each wheel in lb. 
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Ihen, using same S 3 rmbol 8 as given above, 

W xl _ 1200 hd‘^ 

4 6 

For example, let the span be 15 ft. Let 7 tons 
be the heaviest wheel load. Then, siibstitiitiiig 
7 X 2240 X 16 X 12 1200 hd ^ 

4 “ O' 

/. = 3428. 

Assuming that two baulks will be used, then hd^ 
for each = 1714 = 12® (nearly). Therefore, two 
baulks 12 in. x 12 in. will do under each wheel. 

Trestles. Framed trestles are made in one 
pane] up to 20 ft. to 30 ft high fl2]. Above this, 
make them in two panels — that i.s, with a horizontal 
member half way up, and a double set of cross- 
bracing. A convenient spacing for trestles is 15 ft. 
The posts maybe 12 in. x 12 in. or 10 in. x 12 in., 
the cap 12 in. x 12 in., and the sway bracing 9 in. 
X 3 in. or 12 in. X 3 in. The cap is drift-bolted, or 
dogged or spiked to the po-^ts. Dogs are bars of 
iron 18 in. long pointed at the eiv\<, and bent round 
into a flat U-J shape ; they are ariven into adjoin- 
ing baulks of timber to hold them together. 

For trestles up to 6 ft. high, use four vertical 
posts ; above 6 ft. the outer tw'o should slope ; 
the inner two should be underneath the rails. 
There is no need for sway bracing for trestles 
under 12 ft. high. Place the trestles in position 
with their tops ns nearly level rs possible; the 
exact levelling up should be done by wedging after 
the stringers arc in position. The base of trestles 
must be anchored against a serious rush of water. 
When the bottom is soft, trestles are sometimes 
built on piles ; these would be cut off level after 
driving. They are slow and rarely used. Figure 
21 shows a trestle pier bridge over the Zand River, 
South Africa. 

Crib Piers. A substitute for a trestle is a 
crib pier, made by piling 8lce])er8 crosswise on toj) 
of each other. These crib piers are very wasteful 
of sleepers, but are quickly erected by a party of 
infantry ; a very large number of men can bo 
employed at once carrying the 8leey>er8. '^Ihey 
l)1ock up a lot of waterway and must be filled with 
stones and spiked if required to resist a serious flow 
of water. For erection in water, construct the lower 
rtion on shore, spike it together and floor in the 
ttom ; float it off to the right place and sink it 
by filling with stones. The maximum height for 
crib piers is 25 ft., and they are most useful for 
crossing dry gaps on land. 

All bolts should be about J in. diameter ; drift 
bolts are | in. square or round iron with a head 
at one ena ; they can be made on the spot with 
a field forge. 

Smooth bolts hold better than jagged in timber, 
and round have 25 per cent, more bolding power 


than square. The holding pull of a roimd bolt in 
fir is 300 lb. per square inch of surface of the bolt. 

All bolt holes should be bored ^ in. smaller than 
the bolt. 

The best foundation for a trestle on rock is got 
by cutting the rock level, or making it up with 
concrete. 

On ordinary soil, rest the sill of the trestle on a 
platform of sleej^ers cut in half. 

On sand, put in a long, low crib pier of sleepers, 
floored underneath. For mud, j>ile8 are necessary. 
Where the water may cause scour, surround the 
base of all trestles or piers with piles of large, 
loose stones. 

— Pqj. ^ where t!»c 

wawr IS luu ueep lor a trestle bridge frame I 
may be convenient. 

Figure 13 shows the remains of a demolished arch 
and a single lock bridge in position. Two heavy 
frames are made, one on each bank, and w'hen 
good footings have been obtained, they arc lowered 
forward until they meet and lock as shown. The 
trestle on the right is slightly narrower than that 
on the left, so as to lock inside it. A transom is 
placed across and road-bearers arc laid with chesses 
or planks on top in the usual way. Calculations 
for road -bearers are the same os for pontoon 
baulks, exce])t that they are usually round. Such 
a bridge is suitable for a 30-ft. gap and is very 
rapid if made by skilled labour. 

For bigger spans up to 50 ft., a single sling bridge 
can be used, as shoum in 17. There are four 
gaps of 12 ft. 0 in. for the road-bearers to span. 
The great difficulty w'ith these bridges is to get 
good footings for the base of the trestles, and they 
require very large spars of good quality. 

Tension Bridges. For* spans of 00 ft. and 
upwards, a tension bridge is more suitable ; its 
strength largely dci)ends on cables, which are easy 
to transport. 

A strutted tension bridge is shown in 20 for 
100 ft. span and a roadway 0 ft. wide in the clear : 
if required for a smaller span one set of ties on each 
side of the centre can be omitted, which w^ll reduce 
the span to 78 ft. The loads on all transoms exce]>t 
that at the centre are carried by the tension of a 
pair of ties and the compression of a pair of struts. 

The central transom is carried by a pair of ties. 
The height of the pier at each abutment should 
not be less than one-fourth the span. The vertical 
frames are made as in 16. The uprights may be 
made of two spars, one shorter than the other 
with the toi» transom resting on top of it. 



24 . TRESTLE BRIDGE, ZAND RIVER, SOUTH AFRICA 


MILITARY KNOmeCRINQ 


The frames are raised with back struts, and back 
guys are fixed to the anchorage. In loam, anclioragcs 
may consist of one large or three smaller buried 
logs ; they should be placed well back from the pier ; 
three 10-in. logs, 15 ft. long, would suffice if 3 ft. 
below gi-ound. 

A tackle from the head of each frame is used for 
pulling out the struts of the opposite abutment 
into position ; the ties are secured to the transoms, 
and the roadway is laid outwards from both banks. 
Steadying guys should be brought from the ends of 
the central transoms, crossed under the roadway, 
and brought to the b.ink, where ih(*y siiould be 
hauled taut and secured W'cU to the left and right 
of the bridge to prevent sideways oscillation. 

The stresses in the different guys are marked in 
20, and are for a single tie — i.c., one on either side 
of the roadway. 

The strength of cables is found thus; Let W be 
the breaking weight in tons, and r be the eireum- 
fercnce of the roj>e in inches. Then for hemp roiK5 


beforehand, and they can be fastened to their 
transom and prepared on the hank l^efore sliding 
them out along the cables. Let y - - length in feet 
of the sling required, and suppose it is intended to 
bo fixed X ft. from the centre of the span. Let 
a be the S])an, and d the di]) in feet . Then 



Lateral guys must be broui-ht to the banks, 
well out to the right and left, to steady the biidge 
against swaying in the wind. 

The trestle sus])ension biidge has the advantage 
of requiring no timber frames at the banks to carry 
the cables, since a log buried in the ground as a sill 
w’ill suffice ; but it is more difficult to construct 
and takes a good deal of timber. 

The stress in the main cables is found thus: Ix‘t 
be the load on the bridge per foot run in lb., and let 
T be the maximum tension in all the cables together 
in lb. (occurs at the centre) ; let a and d be as before. 


W = c'L and for steel rope W — 2*5 c 

This value should be divided by a factor of safety 
of 5 or 4 according to the condition of the material. 

A tension bridge can also be erected without the 
timber struts underneath. 

Figure 21 shows such a bridge designed for an 
80-ft’ span. The 

loads are supported | 

by the ties and by 
the resistance to 
compression of the 
outer road-bearers, 
which here take the i 
place of struts. 'I'he 
footings for these 
must be carefully 
prepared to take the 
thrust. The outer 
spars should W in 
one piece long enough 
to extend beyond M 
in 21. 

The ties should be 




Then T = lb 

The cables may be of rope or steel wire, one or 
more being used at each side as requir(‘d ; or they 
may be made of twi.sted telegraph wire. 

This latter ex- 
' pod ien t very useful 

for light infantry 
bridges two planks 
wide. Two lengths 
of ordinary wire 
fence, posts and all, 
may l)e slung across 
the gap, with their 
lower edges fastened 
together so that they 
hang in a V-sha|>e. 
A wide plank is laid 
along the bottom 
be^veen them, and 

cross in single file 




tightesned up so as 25. ( ANTILEVER 

to lift the bridge 

well up above its jiroposed camber of 1 in 20. 
AVhen loaded it will soon come down again owing 
to stretch. 

Suspension Bridges. Su,speiisio7i bridges 
are suitable for large spans, and, dej^ending as they 
do on cables for their strength, are very portable ; 
they are 8i)ecially suited for light infantry bridges. 

They are of three kinds — namely, the eommon 
form, in which the roadway, consisting of transoms, 
road-lxiarers and chesses, is sus]K»nded below the 
cables by slings: the rani]) sus)x*nsion bridge, in 
which the roadway rests for the most part directly 
on the cables, and consists of chesses only, road- 
bearers being required for only one bay at each 
end; and the trestle sus])ension bridge, in which 
Iho cables are quite low, and the rdadw'ay consists 
of chesses and road -bearers supported on trestles 
which rest on the cables. For the first ty])e, the cables 
rest on timber frames on each bank. The anchorages 
must be carefully formed, the pull of the anchor 
cables being kept flat. From the cables slings are 
suspended at lO-ft. intervals carrying the transoms; 
the road-bearers arc laid on these, followed by the 
chesses; The usual dip of the cable is to iV Of the 
span. In erection it should he hauled up well above 
its final ^losition to allow of stretch. A stretch of 
1 in. in a cable gives an increase of 2 in. to 3 in. in 
the dip. The length of slings can be worked out 
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tance. There are 
many other military bridges, but the commonest 
have here been dealt witli. Figure 26 shows a 
sus]>ension bridge. 

Cantilever Bridges- Cantlh vcr bridges are 
very much used in India, their chief advantage 
being that they can Iw built out from both banks 
until they nearly meet ; the ga]) is s])anned by 
road-b.'arers ; they require no cables or trestles. 

The principle consists in using several layers of 
long spars ])rojecting out over the gap. Their centres 
rest on a ground sill, in the ease of the lowest layer, 
or a t^fansom in the ease of u})i>er layers ; tlicir 
inshore ends are anchored down witli wire to a 
buried anchorage or are weighted down with a 
mass of stones and earth. Figure 25 shows such 
a bridge. 

Aerial Cableways. Aerial cabhavaj/.^ are 
of frequent use in steel bridge construction : they 
can also be improvistxl with advantage for slinging 
stores across a ravine or river, or from a ship at 
anchor to the shore. 

The strain of the cable can be found as for 
suspension bridges. A steel wire cable is usual — 
and its size c m be selected by the rules given 
above (Tension Bridges). 

The cable is carried o\er a trestle at each end and 
passes on to an anchorage in the ground. Stiong 
trees or the masts of a ship can sometimes be ut ilised 
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to fasten the cable to. A cradle, or mei-ely a hook. some 12 yd. of a stream where the channel is fairly 

running along the cable by moans of a pulley- wheel uniform ; drop in any sort of float, and obtain the 

constitutes the traveller, and liauling lines must surface velocity of the water in feet per second, 

be supplied to work the traveller to and fro. Such Take the breadth and average depth of the stream ; 

a device would be most useful where waggons have multiply this sectional area by four-fifths the surface 

to cross a river by means of a bad drift with a steep velocity, and this gives the yield in cubic feet per 

pull out the other side ; they can be lightened, second. 

Jialf their loads being sent across overhead. All drinking water should be boiled if it is in any 

Road*. Boads must bo 10 ft. wide to take a doubtful. Filters are impracticable on service ; 

single stream of traffic ; 0 ft. will do for infantry gr- of ahmi per gallon will precipitate all sodi- 
in file or pack animals. The gradient must not «»ent in water, and a little permanganate of potash 

exceed 1 in 10 for long inclines, although for very antiseptic. The water should just look 

.short bits with level at either end, I in 7 for artillery pink -tinted. 

or I in 20 for infantry is permissible. For making Field Fortification. Trenches divide 
a road, lay out the centre line with pickets : it themselves into “ fire,” “ communication,” and 

should be as straight as possible, osix^ciallj* avoiding “ cover trenches.” Dealing with the first, its site, 

sharp curves on a gradient. extent, shape, and ])rofile must depend on many 

Drains must be cut along both sides and under- considerations — namely, the tactical condition of 

neath the road at intervals to get rid of water: affairs, on whether the trenches are intended for the 

loose earth should be removed. If metal is to l3e defence of a position or as cover to an attacking 

applied, large stones should be spread as a founda- force ; on the force to be protected, on the time 

tion, and above this should come a layer of smaller available, and on the nature of the ground and the 

.stone 3 in. or 4 in. thick. A thin top layer of gravel enemy's guns. 

or other binding material should be rolled in or Siting of Trenches. The principles govern- 
rammed, plenty of water being used. For rough ing the proper siting of trenches belong to the 
roads the camber, or curved 8ha]>e, should bo much subject of tactics and choice of positions, but a 
(Exaggerated ; a road, once a hollow has formed in few unalterable principles arc given. Trenches 
the middle, will never . must fit the force they an 

' a st, and can never recover to cover, must have 


its 8lia]X^, If gravel is the 
sole metalling material, 
mix it with loam to bind 
the pebbles together. 

A road on the side of a 
hill is made partly by 
cutting and jmrtly by em- 
bankment, unless the hill 
is very steep, in wliich 
case it should all be 
cutting. 

The ground on which 
the embankment rests 
may have u step cut along 
it to prevent the bank 



good, clear field of fir.* 
for at least decisive rifle 
range, must be coiicealwl 
fro view, and should 
hav(* easy meens of 
rein force rm*nt and sup* 
jK)rt. These )>rinciples 
outweigh all others. In 
defending a line of hills, 
fire trenches may bt* 
placed at the top or the 
fool of the slope?. A high 
j>osition has the following 
advantages : good moral 
effect, as the defenders 


■^lipping ; the surface of 26. suspension BRlDi^E feel safer, reinforcement 


the road should .«lope 


from behind the hill is 


well inwards towards the hill, catehwater drain.s 
l.>eing made above. 

Water Supply. Each man requires 3 gal. to 
4 gal. of water per diem for drinking, cooking, and 
washing : 5 gal. or <» gal. should be given if possible. 
If washing can Ik* done in a river, 2 gal. is enough 
Every horse or draught animal recjuires 8 gal. to 10 
gal. Horses drink 2 gal. at a time, taking five minutes 
over it, and occupying 4 ft. of space laterally. 

Water supply may be from springs, streams. 


ea.sy. a l>etter view is obtained of the enemy ; but 
the fire from the trenches is inclined to be plung- 
ing, the iiosition is mo .e conspicuous, and the 
attacking infantry can be supj)orted by their artil- 
lery firing over their heads until the last moment. 

Nearly all hills are convex at the top and concave 
at the bottom. For steep hills, put the fire trenches 
at the foot, in the convex slope, just about where 
cultivation ends. This ensures a good flat field of 
fire, but sacrifices efficient reinforcement from 


rivers, wells, or lakes. If a camp supply Ik* from 
lakes or streams, separate places must l>e marked 
out for drinking, animals, and washing, the first 
Ijeing up-stre m of all, and the others in the order 
named. Red, hite, and blue flags should be planted, 
and policcniea posted to ensure careful observance of 
these rules. If it is necessary to dip vessels in the 
"■tream, arrangements should Ikj made to prevent 
the* bottom being stirred up ; a sunken barrel is a 
good device ; dipping should be forbidden if pumps 
are available. 

If the 8upi)ly is from spring.s, the.se .should Ik* 
opened up and surrounded with a low puddled wall 
to keep out rain-water ; arrangements should b«< 
made to catch the overflow in barrels, or canvas 
tanks sunk in the ground. Springs are rarely suffi- 
cient in themselves to supply a camp. 

The flow of a stream may be gauged thus : Select 


supports. If, however, such a position vould Ik* 
too much overlooketl by surrounding high ground, 
it is lK*tter to go back to th.’ reverse side of the to]» 
of the hill. From here the forward h1o})0 of the hill 
will be invisible, but should the attacking infantry 
gain the top of the hill it is met with a withering 
fire at close range. Support in such a position is easy. 
On gentle Bloi)eH the forward crest line is the most 
suitable place. Trenches should be either in front of 
or behina sky-lines, ns seen by the enemy ; they 
should usually follow the contour of the ground : 
freshly lurned earth should be covered or scattered. 

Profile of Trenches* Trenches may have a 
arapet 12 in. high for fire lying down, 3 ft. for fire 
neeling, or 4 ft. 6 in. for fire sttinding. The latter 
should be provided if time allows. A trench shoukl 
never be narrower than 2 ft., 3 ft. being the usual 
width. 1 his enables men to sit in the trench well 
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under cover, which is most desirable. Figures 15, 
18, and 19 show throe types of trench. 

The thichiens of the pHraj)et dejKinds on the pene- 
ti ation of a riile bullet, the effect of high explosive 
common shell being ignored. Two feet is the mini- 
mum at the top. The exterior slope is usually the 
natural slope at which the earth will stand : the 
interior slope should be as steep as possible, usually 
4 in 1 ; it will generally require revetting, as 
ex])lained later. 

The command or height of the parapet above the 
surrounding ground is governed by the visibility 
of the ground in front. One yard ])cr man gives a 
suitable length for fire trenches. 

As the direction of the attackers’ fire wdll not 
always be from the front, all trenches must be pro- 
1(‘cted from oblique and enfilade fire, by breaking 
them u]) into short lengths with iravvrne8 ; these, 
consisting merely of earth banks, should cut the 
trench u]) into lengths of 8 yd. to 10 yd., their 
frequency depending on the degree, to which the 
trench is overlooked or commanded from the Hanks, 
etc. All trenches should be drained by making 
occasional sump pits, into which rain-water will 
<‘ollect, and can, if required, be baled out. If 
trenches are intended for long occupation, they 
may be undercut to give additional cover. 

A certain number of picks and shovels are carried 
by every R. K. and infantry unit; the number is 
laid down in field service manuals. Each unit, as a 
rule, digs its own trenches under R.K. supervision. 

Making a Trench. The pro])o.sed trench 
is first laid out on the ground with a tracing 
taiKj along the crest-line. From this line aro 
measured the cutting lines at front and rear edges 
of the trench. These are marked with tai)es, and 
the tat^e is removed from the crest-line. iSimple 
works, such as shelter trenches, are, ns a rule, 
marked out by spit-locking their cutting lines 
on the ground with a })ickaxc. 

If the section of parajjot is complicated, “profiles,” 
or forms made of light wooden battens nailed to- 
gether in the required shape, are erected at all angles 
of the trench, and at every 30 ft. in straight faces. 

The working parties march up to the work, pick 
up their tools, and extend along the cutting-lines. 
Men should bo spaced from 5 ft, to 10 ft. apart — 
4 ft. cramps them — and must use their pick facing 
the front. Working sideways is dangerotis, and 
likely to make noise from clanging of tools. 

Men work best in short rc/u /^, say four hours 
actual digging. In easy soil six hours may be resorted 
to. In heavy soil increase the number of reliefs 
rather than tnc length. 

Most careful arrangement must be made to ensure 
rapid distribution of working parties. Each man’s 
task should lie marked out for him before if ])osaib)e. 
A man can dig 30 cubic ft. jier hour, or 20 cubic ft. 
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if continued over four hours in ordinary soil ; in 
very soft ground allow ij this, or in heavy soil J. This 
includes 12 ft. horizontal and 4 ft. vertical throw. 
Men work better on task work than by time. When 
their task is done the men should rest. When the 
throw exceeds the limitii stated above, extra 
shovellers become necessary ; one per two or three 
diggers will suffice. Each relief should, if ])ossible, 
leave a vertical face for the next to work on. 
Figure 22 shows the work of each relief on the 
]iara])et of a redoubt ; the trench in front is re- 
(|uired to provide enough earth to give the requisite 
command of the )iara}x‘t. 

It will be seen that the first relief (four hours), 
W'ith tasks 5 ft. .wide, do 80 cubic ft. in the trench 
and 7« cubic ft. in the ditch in front. No. 2 relief 
do 77 J cubic ft. in the trench and only 25 in the 
ditch ; these men go on filling sandbags etc., for 
head coveri No. 3 relief finish off the digging and 
give nearly all their attention to head cover. 

Reiretmeiits. When any bank of earth is re- 
quired to stand more steeply than its natural s1o]xj, 
it must: be revetted with some other material. 
In first cutting the ground for a trench the turf 
should be taken off in sods, which are very good, 
and should be laid, grass down, in two rows 
of stretchers and one of headers : the steepest sloi>e 
at which they will stand is 3 in 1. Two builders 
and three cutters and carriers can cut and lay 100 
])er hour. Other revetting materials are boards, 
wattle hurdles, gabions, canvas sheets, brushwood, 
stones, sandbags, and sacks. 

Boards would lx* placed longwise at the back of 
the parapet, lieing held in by oeeasional wood jiosts 
having their lower and up]ier ends anchored back 
by wire to logs or stones buried in the para]Xit. 
Brush w’ood could be treated in the same w'ay, the 
interval between supporting posts being smaller. 
The brushwood should be packe<l in as the para]x;t 
grows, or it may lie maae into fascines, or long 
bundled, 18 ft. long, and an average diameter of 
ffin. These are tied round with wire every 18 in. 
as tightly as possible. 

Hurdles are a more convenient revetment if found 
ready made. They are anchoriKl back to logs 
buried in the parajiet by wire as before described. 
If made on the sjiot they take three men 2J hours 
each, and are (1 ft. long by 2 ft. 9 in. across. 

S'oues arc not good ns they splinter a great deal, 
but if safe from bullets they make a quick rough 
revetment. 

SandJhojgs are nearly always available. They should 
be filled four-fifths full of earth and be tied up. 
They mea8ui*e 20 in. by 10 in. by 5 in. when filled. 
For revetments they are built into the rear face 
of the parapet in alternate layers of heatlers and 
stretchers; a bag laid lengthwise to the parapet 
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is called a stretcher, and one laid across, a header. 
The tied ends should always be buried. Two 
. builders and tliree fillers can fill and lay 70 bags 
per hour. Corn sacks or others can be profitably 
utilised in the same way. 

Providing head caver consists in building the para- 
pet up 18 in. to 2 ft. higher than firing level, and 
making loopholes at 3 ft. to 4 ft. 0 in. intervals. It 
is not essential if time is scarce, but is moat desirable 
on account of the immense moral support it gives to 
the defenders, in addition to actual j>rotection. 
This latter is almost counterbalanced by the visi- 
bility which loopholes are almost bound to occasion. 
»md the restriction of the defenders’ view and line of 
fire. To give lateral fire, loopholes must be splayed, 
the narrow end outwards ; they are 10 in. high, 6 in. 
wide on the out.side, and 20 in. inside. 

Sandbags are usually em]>loyed for this purpose ; 
two bags are laid on the parajict at each side of the 
loopholes, splayed to the profier angle ; .some small 
sticks, etc., are" laid across their top, and more bags 
are laid on them, one layer of headers, and one of 
stretchers [19J. 

Communication trenches afford means of rein- 
forcement from the flanks and rear under cover. 
They would not be provided unless reinforcement 
has to be done over a long stretch of o]x?n fire-swept 
ground. They are merely plain trenches approach- 
ing the front diagonally so as to be covered from fire. 

Cm'er trenches are for the aupix)rts to rest in. 
They require no loopholes, but should have a parapet 
in front and rear to provide against back-blast 
from high explosive shells. They also serve as a 
rallying ] oint if the first line is tern jx)rarily driven in. 

Redoubts. A redoubt is a w'ork entirely 
closed by defensible parapets ; it is usually rather 
conspicuous, and not so well suited to the defence 
of extended |X)sition.s as are trenches, but It. 
breaks up the cohesion of the attack, is very 
strong, and gives great moral strength to the 
defenders, who know that their flanks are secure 
and that their commanding officer intends to hold 
on to the last. In the case of siu-prise or night 
attack, liable to come from any direction, the 
redoubt is invaluable. The trace, or shajM*, of a 
redoubt, depends on the garrison and the direction 
in which the strongest fire i.s required. Regularity 
of trace is of no inij)ortance. A redoubt must have 
no dead angles ; when firing through a loophole a 
man cannot conveniently fire more than 15° to one 
side or the other. This in the case of a rectangular 
redoubt would leave a large tmdefended area at 
each corner. It is avoided by blunting the angles 
of the rectangle (radius 20 yards), and this is ])er- 
haps the commonest trace of an isolated redoubt. 
A circle is not so good, a.s it has no strong fire in 
any direction. 

The entrance should be on the least exposed 
side, and should be well traversed, and closed at 
ni^t by some obstacle such as tangled wire. 

Reverse cover is often required to prevent bidlets 
aimed at one face hitting the defenders of the 

0] )posite face in the back. This must depend on the 
command and |>o.yition of the redoubt, and the 
height of the enemy's position from which he is 
firing. Traverses also may l)e wanted. Beyond 
this the construction of a redoubt i.s exactly similar 
to that of good trenches, carefully made profiles 

1) eing required. For redoubts of a somewhat per- 
manent nature, such as would be required in the 
l>rotracted defence of a ymsition, goocl splinter- 
proof overhead cover must be given inside the work 
for men not actually engage(f on the walls. The 
height and size of tliis cover is a matter of time and 
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material. The simplest consists of a timber frame- 
work on which is laid brushwood [27]. This is 
covered with sods or sandbags and earth, to a 
thickness of 12 in. to 18 in. 

Field of Fire. Clearing the foreground in 
front of trenches is important, so as to give the 
defenders free use of their weapons within effective 
ranges. Growths that block fire or impede the 
view must therefore be removed, but such natural 
obstacles as merely break up the enemy’s formation 
of attack should be left standing or be improved. 
Cut down hedges parallel to the front, but lewve 
those perpendicular to the front. The same applies 
to walls. One man can cut down 2 yd. of thick, 
quickset hedge in 10 to 15 minutes. Large trees 
are better left, as they give less cover standing than 
when felled. Brushwood must be cleared whole- 
sale, if at all ; the outer fringe may be left stand- 
ing with advantage ; it will not usually affeet the 
lire of the defence. 

Hollows in the ground in front must be filled up 
w’ith earth or deni^ to the enemy as rallying ]K)ints 
by filling them W'ith felled trees, or mines. 

Obstacles in the field of fire are always provided 
if possible, and are of two kinds : ( 1 ) To check 
the enemy's advance, and delay him under the 
defenders’ fire ; and (2) by passive obstruction to 
compel the enemy to choose other certain lines of 
attack. 

For the former, the obstacles must be under close 
rifle fire, say 50 yd. ; they must give no cover 
to the enemy, must not be easily damaged by 
artillery fire, and must not be easily removed. 

Abatis, or tree entanglements, are made by 
felling trees and pinning them down to the ground, 
with their toxw towards the enemy, and their sterns 
resting in a trench. The branches may l>e ]>ointod 
W'ith a hand-axe, and barbed wire may be tangled 
among them. 

A stiff hedge, felled by cutting the steins half 
through, and picketed down, is very effective and 
rapid. 

A w'ire fence across the front is useful as an nlnrin 
at night, if hung w ith empty tins with a |iebble in 
them. 

Thin trip wires fixed on jK)sts about 12 in. off 
the ground, with their ends tied to a friction ^ulK^ 
are useful as alarms ; when kicked or w'alked on, 
they explode. 

irtre entanglements form the most efficient 
obstacle. The low wire entanglement is made 
about 12 in. to 18 in. off the ground, being stnrng 
tightly between posts placed chequerwise, 6 ft. 
apart. It is not now much used, except in fords. 
High wire entanglements made with bnrl»^ l wirt^ 
are, however, excellent. The ))osts are driven 
(i ft. to 7 ft. apart, and are 4 ft. high. Such an 
entanglement is shown in 28. It takes one man 
thre.; minutes per square foot of ground covered. 

Land mines, or fougasses, are now practically a 
thing of the past for field fortification. 

The second order of obstacles, such ns a stream 
or marshy ground, can often do with imjirovement. 
Remove all bridges, entangle the bed of the stream 
or throw cut trees in. 

BlocKhouseA. Defensible posts are frequently 
provided along the lines of coiuinuuicatioii to 
protect them, at important points, such as railway 
stations, camping grounds, bridges, etc. They are 
usually very small, garrisoned by a handful of 
infantry. They may be liable to attack from all 
sides, and generally take the form of one or more 
blockhouses. Figure 28 shows the ty|)e that was 
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moflt used in South Africa. A large . hollow 
cylinder of curved corrugated iron is bolted 
together, 4 ft. high and 13 ft. 6 in. diameter. It is 
placed whole on the correct spot, and a rough 
stone wall is built up round it. If stones are not 
available, a second envelope of corrugated iron 
may be made, 18 ft. 6 in. diameter. Th& is placed 
oonoentrioally outside the other, and the annular 
space is filled with earth. The earth is got from 
a trench dug roimd the block house. When this 
earth or stone wall is finished, the top is levelled 
off with a course of filled sandbags, and on this is 
put a cylindrical hollow screen, consisting of two 
rings of corrugated iron, 5 in. apart. This has 
looMoles made in it all ready. The screen is filled 
with carefully rammed gravel or broken stone, and 
on top of it is placed a light roof for protection 
against weather. The entrance is through a small 
square hole in the side, or by a passage leading from 
the surrounding trench up through the floor of the 
blockhouse. It is surrounded with a belt of high 
wire entitlement. The sentry at night is 
stationed in the trench, and anything approaching 
is seen against the sky. These blockrouses take six 
sappers and 20 infantry about eight hours to con- 
struct. The garrison is one N.O.O. and seven men. 

Stone Blocllhoueee. 


central building should be selected as a keep, where 
a final stand can be made, and both first and second 
lines of defence should be prepared. Lateral commu- 
nication from one section to another is imTOrtant. 

Sie^ Works. The regular siege of a fortress" 
comprises the following stages: the investment 
and entrenchment of the besiegers, the establish- 
ment of heavy siege artillery, the infantry approach, 
by sapping, into the first and second mrallels, the 
further approach by mining, and the wal assault. 

The line of investment is drawn in as close to the 
fort as the defenders’ fire will allow in the ordinary 
way, and is there entrenched. From this trench, at 
several specially selected spots, a sap is begun. 

This consists of a deep trench run out diagonally 
towards the fort, in such a direction that the 
defenders of the fort cannot shoot along it. When 
it has gone some way, a trench is cut out in both 
directions from its head, and is called the first 
paraUd^ and troops are moved up into this. From 
here, more sapping is done, into a second or even 
third parallel. By this time, the x^roximity to the 
enemy is such that further sapping is out of the 
question, and mining has to be resorted to. 

Shafts are sunk, and galleries are driven towards 
the enemy ; heavy charges are exploded in the 
mine to form craters in the 


Another type of blockhouse, 
built of masonry, is shown in 
29. This has three tiers of fire 
provided, with two machicovJis 
(overhanging) galleries for fire 
downwaids on to the attackers. 

The loopholes consist of Idn. 
steel plates, 24 in. by 12 in., 
with a 5 in. by 3 in. hole in 
the middle. These are built 
into the masonry and give 
plenty of splay for lateral lire. 

Other defensible posts some- 
times occur where isolated 
dex)ots of stores have to be 
guarded, or where a village or 
well-marked hill projects out 

in fremt of the general line of 

a defensive position that is to 29 masonry 

be held. In such cases, any 
existing building, if not exposed to artillery fire, 
may be utilised. 

Defending a Rouee. The defence of 
a house is common in history, and may reem*, 
especially against savages. All oxienings must 
be closed up and made bullet -.xntmf ; windows 
and doors snould be built up with sandbags or 
screens of corrugated iron ana gravel. Loo]^oles 
may be left in wese, and others must be knocked 
jdtrough the walls. Doors, even if they cannot be 
made Dullet-proof, must be barricaded. Loopholes 
must be hi^ enough above the ground (7 ft. to 
8 ft) to jirevent the enemy rushing up and firing 
through them ; the defenders can reach them by 
using chairs or planks on barrels, etc. 

Communication from one room to another must 
be secured by knocking holes through the walls, if 
necessary. All inflammable material outside shoiild 
be removed, and loose earth shoitld be collected in 
the rooms for fire extinction^ The house should 
be surrounded with wire entanglement or other 
obstacle, if time permits. 

Villiage Dennce. Viliam may becom® defen- 
sible posts on a large scale, lliey are rarely worth 
defenmg. Under artillery fire they are practically 
untmmble, and they use up a lot of men. If they are 
to be hold, the foregoing xirinciples all apply. A good 



mund. The infantry dash 
forward and occupy these, and 
HO on, until near enough to 
breach the walls of the fortress 
and deliver the assault. 

In sapping, all work must 
be done under cover. The 
trench is 3 ft. wide and 5 ft. 
deep. The excavated earth is 
thrown out of the trench 
towards the enemy ; the head 
of the sap is protected by a 
steel sap-shield, 2 ft. 6 in. by 
2- ft., with two detachable legs, 
resting on the level groimd. 
Only two men can work at the 
sap-head with picks, and two 
shovellers help them behind. 
BLOCKHOUSB The soil should be thrown 

well forward of the sap-head, 
to get efficient cover to the workers. 

Mines. When mining has to be resorted to, a 
vertical shaft is sunk, 4 ft. 4 in. by 2 ft. 4 m. in size. 
One N.C.O. and four men is the best working party. 
If the soil requires it, a shaft is lined, as it x>rooeed8, 
with timber frames, which are an article of store. 
When the required depth is reached (15 to 20 ft.), 
a common g^ery is driven towards the enemy, 
5 ft. 10 in. by 2 ft. 4 in. in size. This is lined with 
timber sheetmg or special frames. One N.C.O. and 
four mefl is the best allowance, uith an extra man 
for shovelling, to every 20 ft. advance underground. 
Recesses should be provided every 30 ft. along. 

If no opposition is experienced, these galleries 
will be driven up as close to the fort as possiUe ; 
if not, right into the ditch, or under it. lliis 
oooun^ in the Japanese si^ of Port Arthur. 

But, undergrouM galleries built in masonry 
Mnerally form pMt of the defmee of a fort; 
from these galleries an energetic defender will 
drive countermines with a view to preventing 
the progress of the attacker, by blowing in his 
galleries or, after he has formed and oooupied a line 
of craters, by blowing up the troops in them.* 
Countermines are in every respeot similar to mine 
gaUeries. Mining trucks and light raik ore invaluable 
for removal of sou. Interoommunioatlon, ventilation 
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iuid l^ht must be proTided, fmd tbe most acom^ate 
pbas’ ai^e essential 

Lominous paint on sheets of sine gives enough 
^]i|ht for the powder chambers or gallery heads, 
l^ening is the surest way of detecting the approach 
of an enemy’s gallery;' during this listening, all 
woih must be stopped. Mine charges must be 
tamped, and the gallery should be closely ^ked 
for a distance of one and a half to twice me line 
of least resistance (depth below ground) of the 
chs^. Filled suidbags form the best tamping, 
though loose earth will do. 

Demolitions. The explosives used for demo- 
litiona are broadly of two kinds : powder when a 
steady upheaving effect is required, and gun- 
cotton or other high explosive when a slmrp, 
cutting blow is necessary. Powder explodes by 
combustion, taking a very appreciable time for 
the formation of ail its gases, whereas high explo- 
sives detonate (or decompose) in an instant 

Powder would be us^ in mining for making 
large craters or for bringing down large masses of 
earth or rock — as, for instance, in blasting a road in 
the side of a hill — whereas guncotton would be 
used for breaking up large boulders, destroying 
steel bridges, houses, forts or cutting down trees. 
The object of mines in siege work is to form a 
continuous line of craters parallel to the front, such 
that the attacking infantry can occupy them as 
cover. 

Gunpowder is supplied in barrels of 100, 50 and 
25 lb. Charges should be made up as compactly 
as possible in a waterproof bag. A service sandbag 
holds 40 lb. of powder. For destroying masonry 
walls, powder charges are calculaM thus : let 
B = length of wall to be demolished in feet ; 
let T := thickness to be demolished in feet ; let 
0 = charge in lb. Then, for a brick wall or the 
haunch of a brick arch, C = BT* x |. This charge 
should be subdivided into smaller charges, plac^ 
about twice the thickness of the brickwork apart. 
For a wooden stockade allow 40 lb. to 100 lb. ; 
for a fort gate, 200 lb. in one charge ; for a stockade 
of earth between timber allow 70 lb. wr 5 ft. run. 
In the presence of the enemy increase emve charges 
by 50 per cent Powder charges can be fim 
electrically or by safety fuse. The end of the 
safetv fuse is cut off on the slo^ so as to ezpoM 
the burning composition, and is placed well in 
the middle of the powder charge. 

Explosiwen. Onncotkm is carried wet in slabs 
of 1 lb. to 2} lb. weight ; it can be cut up witii 
a plain saw, plenty of water being used as a 
lubricant Wet guncotton is absolutely safe and 
will not detonate with the ordinary detonator. 
Each slab has a round hole in it into which 
can fit a dry guncotton primer. If this dry 
primw be detonated it will also detonate all 
the wet charge, consisting of severid slabs, pro- 
vided that they are in close contact with each 
other. The dry primer is itself detonated by a 
detonator and fuse, or electric detonator. The 
charge must always be in close contact with the 
object to be demolished, and must extend across 
the whole length of the object to be out. For 
applying charges to walls, stockades, or steel work, 
they should be made up carefuUy on a board, and 
can then be placed whole against the objecti For 
cutting a brick wall up to 2 ft. thick allow 2 lb. 
per foot run ; for a brick arch dig the earth road- 
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way the haunch and give } BT* (symbols as 
before) ; for a briok wall over 2 ft., C = J BT* ; 
for a brick p»r C = |, BT* ; for a hardwood 
stockade, C =: 3 BT* ; to destroy a field gun use 
lb. on the chase near mui^e, heavy gun 4 lb. 
at bottom of bord with waW taniping; steel rail 
( lb. against web; iron rail } lb.; n>r iron and 
steel plate, 0 = )B(*, where t == thickness of plate 
in inches. For a blockhouse or frontier tower of 
stone and mud, place 20 lb. to 30 lb. in the middle 
of the tower, and block up all opening (doors). 
Trees and posts can be cut down by placing two or 
three primers in a 2 in. auger hole, or by surrounding 
them with a necklace of primers threaded 
wire, so long as each piece is in contact. CordUt 
can be used, but requires a gimcotton primer to 
detonate it 

Dynamite is most suitable for blasting rock. 
One or two cartridges are exploded in a hole made 
with drills or jumping bars. Detonation is done 
with a commercial copper cap. Dynamite freescs 
at 40^ F. and is then danjierous. It must be 
thawed before use by placing m a dry vessel stand- 
ing in warm water. 

Ignition* Safety fuse bums at 4 ft. per minute ; 
it is waterpoof ; for use with a detonator it is cut off 
square ana the end is inserted into the tube end of 
the detonator, where it is secured by pinching. 
The end for lighting is slit down the middle about 
1 in., and a fusee is employed to light it. If the 
charge is some way below ground instantaneous 
fuse is sometimes um to save time, in combina- 
tion with a short length of safety fuse. The 
detonator contains fulminate of mercury and 
should be handled with great care ; it is an article 
of service equipment. 

Electric firing is done by means of an cx])loder 
or batteries; the former is an article of service 
equipment. The batteries suitable are the Grove 
cell with constants 2 volts and *I ohm, and the 
Leclanch4, constants 1 *3 volts and *25 ohms. The 
former is rarely available; the latter is carried 
by telegraph sections made up into batteries of 
six cells. 

Two insulated wire leads are required leading to 
the charm ; here they are "connected io a special 
fuse in w case of powder, or a detonator in the 
case of guncotton. Electric firing is most useful 
when two or three charges are to be fired simul- 
taneously or from a distance. 

Balloons. BaBoons are becoming more and 
more necessary day by day. The headquarters of 
the R.E. balloon companies are at Aldershot, where 
the factory makes aU that is required. Military 
balloons are made of skin, and average about 12,Ck)0 
cubic ft in capacity [see article begmning on pw 
3977]. Th^ are inflated with hydrogen gas, whm 
is pi^uced bv the electrolysis of water. When 
empty, the balloon lies inside its car, in which state 
it would be carried in a waggon on service. When 
once filled, it is not easv m concealment, and its 
method of advance with troops would depend on 
military requiremoits ; either it would be towed 

a Moft wen out of danger, or hidden as well as 
le close to the ground. Captive military 

movements and to assist frien^v artillery by 
disooveriog hidden targets. The obsOTer, who is 
generally alone, sits in the wicker oar and reports 
has obeea^ationg by telephone on the ground* 
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By C. A. POWNALL 

TiSOUGH the word illumination’’ is indiffer- Preparing Pena. The pens are a subject 
^tly applied to all kinds of decoration uj^n about which more must be said. In speaking 

the Images of books, it real^ implies decoration of writing, it must be remembered that we are 

in raisM and brightly burnished gold. Painting always referring to Gothic lettering. For 

in colours generally accompanied it, but by no ordinary small text a quill cannot be improved 

meadk always. Most Celtic MSS., on the other upon. The pen, when you buy it, i^robably 

hand, are .painted, but not illuminated. The cut to an orainai^ fine nib point. Tms must 

idea of decorating the margins of text having be altered thus : Lay the point of the pen doun 

oi^inated, one may say, in -Greece (although on the edge of a piece of glass; then, with a 

slight rubrication was practised in Egypt), and sharp knife, cut off the point, so that it will 

then spread through Kome to the rest of the resemble that shoun in the illustration [ 16 ]. 

Western world, one notices how much the earlier This must be done in one cut, by plying the 

MSS. of different countries resemble one' another, knife just above the point, and pressing it down 

and how each branch developed along' its own wth a slant towards the point. It must bo 

lines until several very distinct schools are found remembered that this regulates the breadth of 

in the late fifteenth or early sixteenth centuries. the nib, which must, therefore, be cut to suit 

It was in the days of the Ptolemys that skins the particular script, 
were first used for writing. Eumenes, king of Next grease the nib inside to about three- 
Petgamus, aroused the jealousy of the then eighths of an inch from the point, either with 

reigning Ptolemy by the celebrated libraiy the invaluable greasy rag or a brush, and feed the 

which he was then founding ; whereupon the pen from another, applying the ink to the part 

latter refused to supply him, as he had done till above that greased. Tlie ink will then only flow 

then, with papyrus. Eumenes then introduced down the sht of the pen, and your writing will 

the use of skins properly dresi^ for taking ink be clean and sharp. After much use, the 

and pigment, thereby rendering himself inde- point may want re-greasing. A quill, however, 
pendent of his Egyptian rival. can only be cut to a point about one-sixteenth. 

The Vellum and Ink. We now come or, at most, one-twelfth, of an inch in width. For 

to the practical side of the question, and the larger wTiting a reed must be used. These can 

first thing to be considered is tlie surface of the be cut to a much wider point. The treatment 

vellum. Old vellum wae prepared in a way of the reed is the oame as that of the quill, 

which gave it a very beautiful surface, velvety except that the application of the grease should 

to the touch and delightful to work upon. This be carried all over the nib, to prevent the ink 

is unfortunately a lost recipe. No manufacturer soaking into the wood. Both the quill and the 

that we know of can get quite that surface. reed may want a little working on a piece 

Modem vellum has a sniny and at the same of glass or the finger-nail before the ink will 

time abscMrbent eurfaoe which does not take ink run to the point. 

or colour nicely, or anything eke. The Gilding Outfit. So 

For ordinary thick vellum (that ' /fu much for our text. We will now' 

is, ndther Roman, slink, nor goat) ^ /'A gilding. A slight 

the following method, homely if^ can be called such, is 

though it sounds, is the beet way / W necessary : (1) A gilder’s pad, 

of treatahg it before beginning / i which is a piece of wood or card, 

.Work, ftsiear vaseline over a piem ^ ^th a wasn-leather pad on the 

of rag and warm it so as to allow it \^jlr v face of it; (2) a gilder’s knife, 

to g^ more or lees evenly greaebd. ^ which has a blade about 5 in. long 

Wmn you have pinned down the 16. prbfarikg ▲ qxhll fen and about in. wide ; (3) a small 
vellum, mb it all over with this ^ file to run along the ed^ of the 

rag, partkmlarfy whm text is toappear. Then knife, so as to give it the ebaraoter of a very 

mb the vellum wreU writh pumioe powder. Dust minute saw ; (4) an agate burnisher—claw-shape^ 

the pumioe off very thoroughly wi^ a clean is the most useful; (5) an ivoiy^, or bone, or agate 

rag and tito surface will be found very pleasant tracer, which is a pointed piece of hard sub- 

to write or otherwise work upon. stance ; (6) several small pieces of the thinnest 

We then come to the matter of ink and pens. and most shiny tracing-paper you can procure ; 

For ink, an ordinary good black wnriting-ink (7) a small piece of veflum cut in the shape of a 

will be found satisfaot^ for all practical long triangle, to be used as a gilder’s tip ; (8) a 

purposes. It is realfy quite black enough ; small velvet pad, like a diminutive hat pad, lor 

if it is good it does not fade ; and it flows, of brushing off superfluous gold leaf ; and (9) a book 

course, fiar mmre freely than Indian, or other of unrouged double-fine gold-leaf. With regard 

specially-prepared inks. to the size writh which to apply the leaf to the 
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vellum and at the same time raise it above 
the rest of the surface, a very satisfactory 
mixture for the puroose may be niade by tbe 
following method: Grind soiPe i^neh eby to 
a fine powder, and add water until it is a stifi 
paste. Add ]^nch chalk in the proportion of 
about three of clay to one of chalk. Mix this 
well with a palette knife aa a piece of glass. 
Now add drops of Le Page's liquid glue until 
the mixture is of the consistency of tlun cream. 
Strain through a muslin of double thickness into 
a saucer to dry. When required for use, po^ 
a few drops of water into the saucer, and stir 
gently with a brush, avoiding bubbles, until it 
is again of the consistency of cream. It omk 
then be applied to the work with a brush. There 
are also many preparations made by the leading 
artists' colourmen which give satisfactoiy results. 

After a while, the illiuninator may prefer to 
experiment with parchment size, ismglass, red 
lead, gum arabio, honey, glycerin, borax, glair, 
or*other mmdients, in midcuig a size to his own 
partioiUar lifcing. But nowadays, one has not 
generally time to worry about the making of 
material^ there being barely time to use them. 

A Simple Method of Gilding* Having 
thus prepa^ your size, you will find the follow- 
ing the simplest method of gilding those parts of 
the design desired. The gold must be d<me first, 
before any colours are pitted on, otherwise the 
leaf will be sure to stick to parts where it should 
not. First, then, paint over all the parts to be 
gilt thickly with the size, and leave it to d^, 
which will take about three to four hours. Be 
careful not to touch any part with the fingers, 
even after it is dry. Then take a gold-leaf firom 
your book, by passing your knife carefully 
beneath it, and lay it fiat upon the pad. It mu^ 
then be cut approximately to the sizes you require. 


To but it» plaoe 'the ed^ of the knifo^fin^ 
upon the leaf and move it 'mth a saw-^ motion. 
Twe your gold tip and moisten the edge of it‘ 
by passing it along the tongue. Then touch the 
edge of the piece of leaf with the gold tip, to 
wmoh it will stick firmly, thuB euab^ you to 
lift it and place it down where you wish. 

Bumlahlng the Gold-leaf* Next, aftor 
covering up all but the particular bit of size 
you are gilding wi^ the t^ pieces of tracing- 
paper, breathe toly hard (but exactly how 
hard must depend on experience) twice or 
three times upon the size, and lay the goM- 
leaf on it, being careful to keep the leaf as flat 
as possible. Haoe a piece of traoing-pa|>er on 
it, and press down very hard with the finger, 
running the tracer round the edges, if necess^, 
to mate it adhere firmly. Remove the tracinj 
paper and burnish the leaf very carefully. 

'the gold does not take' the burnish at once, you 
have breathed too' hard upon the size, thereby 
moistening it too miich. Leave it a few 
seconds to dry slightly before burnishing. If 
the leaf comes oft wh^ rubbed with the burnisher 
you have not breathed hard enough, or you have 
touched the size with the linger ; in that case, 
you must brush the leaf oft with the velvet pad, 
breathe again, and apply another piece of leaf 
as before. If the burnish comes at once on the 
first trial, you ar^ lucky.' In that case, repeat 
this process till you have gilt all the parts of your 
design where raised gold is. to appear. This 
method appBes equally, of course, to any leaf 
•other than gold. 

If you wish to stamp the gold— that is, make 
a design upon it .in depressed spots— this tiiould 
be done as soon as possible after the leaf has 
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been hid on and burnished. Bress the point 
of the taraoer dirwn 'firmty on to the gold, and 
it will leave the requiiM depression. This 
paotice of enriching farther the raised and 
burnish^ ffoM was vpy much in vorae all 
throu|;h we Edwardian period, and very 
magnifioent is its effect. 

Silver end Pletlaum Leaf. In medieval 
work we frequently find attempts at treating 
silver in the same way as gold-leaf ; but 
they appear never to have been satisfied with 
the result. This is 
not surprising when 
we rememb^ that 
they had only silver- 
leaf to work with, 
which tarnishes into 
all the coloiurs of the 
rainbow in a very 
short time. Now- 
adays, we have an 
excellent w^ out 
of that dimculty. 

Platinum leaf is 
made which will 
burnish almost to 
the brilliancy of 
silver, and will re- 
main unchanged. 

For illumination 
in colour ordi- 
nary moist water- 
coloiiis ai'e our 
medium, and an 
almost infinite 
variety of schemes 
present themselves 
to our choice. It 
would be useless to 
attempt a descrip- 
tion. Nothing but 
a 4!areful study of 
old MSS. will teach 
the student what 
colours are most 
pleasing, and how 
to contrast and ar- 
range and alternate 
them. One may say 
that red, blue, and 

O are the to 
all. ' But this 
may be said of a 
picture. It is not a very useful or practical piece 
of information in either case. In most work of 
all aues, styles, and countries, the colours were 
not left plain, but their crudeness was toned 
down by a fine desi^ 4n white line painted all 
over them. For tlm, do not use Chmese white, 
but enamel white. So much for our materials 
and how to use them. 

Medteval Practice. We must now add 
a lew words on iUumination as practised in 
England and i^ance during the Middle Ages. 
In a word, the tenden^ through the ages was to 
lighten the desi^. Greek, Roman, and even 
early Gothic work was decidedly heavy, though 



perhaps rich. In France, the work was generally 
bett^ than t^t done m England., It was early 
in the fifteenth century lhat ihe 'Wo.ommtries 
utterly di verged in .their development Ulumina- 
ticm. In France, the design jiut iHior to that date 
had consisted mainly of coloured leaves upon 
a coloured stalk. - Dr^ons, grotesques, men, 
birds, etc., were freely introduced as well. But 
about the l^giniiing of the' fifteenth century the 
coloured leaves became nearly, all gold,, with 
coloured flowers and buds of almost infinite 
variety « amongst 
them ; , the coloured 
stalk b!M3ame a fine 
black line with fine 
little twigs from it. 
Nothing more beau- 
tiful or delicate than 
some of the best 
books executed at 
this period can be 
imagined. In Eng- 
land, on the other 
hand, the style be- 
came suddenly 
much more florid, 
the colours brighter, 
and the design, to 
say the least of it, 
more free ; so free, 
in fact, as almost to 
merit the descrip- 
tion of “careless.” 

The Purity of 
Mediaaval Art. 
Our parting word 
of advice is that a 
student should re- 
member that in 
mediteval days, 
when a new person 
stepped into this 
world, he found the 
arts, and iUumina- 
tion among them, 
in a very high state. 
From his birth he 
was accustomed to 
look upon a pure 
school of art, practi- 
cally unadulterated 
by any outside in- 
fluences. By the 
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time, therefore, that he began to work and do 
his share, he had not only been through a care- 
ful study of all that had gone before, but he 
had a taste and quiet refinement in his nature 
which less fortunate mortals bom in another 
age are oftentimes denied. For, with all our 
wonders and comforts and wisdom, our artistic 
effmrts do undoubtedly lack Gie deUcacy and 
refinement exhibited by the best work of the 
so-called Dark Ages. AU this means, in a word, 
wade through numbers of the beet MSS. you can 
find [18 and .18], copy from them oopionely* and 
trv to get the spirit of the work into^ yourself, 
without this, technical knowledge is uselees. 
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By CLAYTON BEADLE 

CDTCE the advent of civilised man. paper— 
something which has done service for it in by- 
line ages — has been a necessity. And the demand 
fbr paper Imd its application have, from its first 
inti^notion, increas^ with our methods of 
civilisation. From the materialistic point of view, 
it is the medium of all literature, and no civiHsation 
could exist without it. The annual consumption 
per head of the population by (MBeteht nations is 
r^arded by many M .a useful ; index of their 
civilisation and enlightenment. 

Paper»malUfltg Materials* The inaterials 
used in paper-middng and their ^ sources are as 
follow: 

Fibbbs 

1. Flax — Russia, Turkey, Italy, . Egypt, France, 
Belgium, and Ireland. 

2. Hemp (true) — Russia, Italy, Turkey, Hungary. 

3. Hemp (best fibres, but not Cannabis saliva) — 
India. 

4. Hemp (leaf fibres), i.e., **manilla ” — Philippine 
Islands, India, Ceylon. Mexico^ Venezuela, West 
Indies. 

5. Hemp, New Zealand hemp (P^miVnt tenax) — 
New Zealand. 

6. Cotton — ^United States, Egypt, India. 

7. Jute — India. 

8. Straw — Holland, Germany, and other coun- 
tries. 

9. Esparto — Spain, Algeria, Tjcgiis, Tripoli. 

10. Ifood-^oandinavia, Germany, Austria, 
Canada, United States. 

Minerals 

11. China day — Cornwall, Devon. 

12. Agalite, adfestine, ete. -Saxony, United States, 
Cornwall, South Africa. 

13. Pearl hardening, terra 

alb^ gypsum — ^England. 

Vi. Baryta, barium sul- 
phate— England, and other 
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car- 


eountries. 

16. Chalk, whiting, 
bonate of lime — Kent. / 

Colours *; 

16. Pigments (ultramarine, etc.)~England, 

Germany. ' . 

17. Coal-tar dyes — ^England, Germany^ . 

Sizing Materials 

18. Gelatine and gd>ue — England, Germany, France. 

19. Skins for ditto — England, United States, 
Australia, South Africa. 

20. Besin — ^America and France. 
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ft HENRY P. STEVENS 

Paper from Rage. Cotton and linen rags 
may .be taken together, as theV a;ro treated very 
mu^H'M the same way. The chiief souroe of cotton 
and.h^tpn paper is derived from rags, new and old. 
The rags are imported into this country, and the 
supply is aitogetW inadequate to meet the present 
demands. 

They are received, if imported from abroad, in 
bales weighing 
about 4 cwt. ; 
if frojoi mer- 
chjt-njfcs;. \^t 
homei m ju^ 
b^ contain- 
ing about I 
cwt. or 2 cwt. 

They are 
graded and 
sold according 
to quality, and 
are known un- 
der such names 
os “out-shots,” 

“ fines,” , etc. 

The trade 
name, how- 
ever, cannot be taken . as any criterion of value, as 
merchants’ st^dards (^er^so much. The Mes are 
“ shot” — that;is/open^ asd laid out on the floor- 
then fed into a duster ” [ii consisting of a cylinder 
about 20 ft. long by^'ft. ^ameter, miMe to revolve 
slowly, and providj^ intrimally with prongs and 
covem externally with' coarse wire netting. The 
axis of the duster is inclined at an angle, so that 
the rags travel from one end to the other while the 
drum revolves. The loosened 
dirt passes through the wire 
mesh. The duster is enclcMted 
in a wooden box, and the dust 
which settles at the bottom is 
periodically removed. 

Cutting mnd SoHiag 
R«gE. The rags are then 
taken in baskets and cut up 
and sorted into different qualities. The “hurdle,” 
or table on‘ which the rag-outters work, is covert 
at the top a coarse wire gauze, ai^ prgrided 
undemeaw with a shelf or drawer. As the rags 
are turned over on the table, the loose dirt f^s 
through. Across the hurdle, sloping to and from 
the worker, and inolmed at an angle, with the 
^ge of the blade sloping towordswe operator, 
is a broad, sharp knife. Handfuls of rags are 
taken by the operator, and out up . into short 
lengths of about 4 in. square by drawing ^r<m the 
knife. These are thrown into different bins according 
to quality. Durkm this process, all buttons, whal^ 
bone, BteeJ, and other harmful materials are thrown 
out as “ mulch.” All seams have to be opened, ae 
they harbour dirt In leading mills there axe possibly 
twenty Of thirty diffeient qualities of rage, Tim 
general system ^ classification is to sort & linen 
from the cotton, toch of which are in tom separated 
into different qualities from the beat and deaneat 
to the dirtiest and weakest 





Machine Cut- 
ting of Rc^. 

Hand cutting is an 
expensive opera- 
tion, and many of 
the mills now cut 
by machine [2], but 
the result is not 
so satisfactory for 
very , high-class 
pa^rs. Machine 
cutting gives rise 


frequently crushed 
and bruised, and 
the sorting and 
elimination of dirt 
is not so easv; but 
the machine has the / 
great advantage of 
being cheaper, and 
at the same time 
fulfils all the re- 
quirements of 
many mills. The 
cut rags are now 
delivered into a 



sometimes intemaOy with iron spikes. The rags 
are now boiled under pressure with soap solution 
preferably in a spherical boiler p]. 

Soda Uqoor for Rag Mlllag* The 

general methcm now is to employ caustic soda 
solution produced either by dissolving solid 
caustic BodtL with water in an iron tank, or 
by ** oausticising ” soda ash solution by adding 
to it and boiling with it the necessary propor> 
tion of lime, whereby the carbonate of soda is 
converted into caustic soda, and the caustic 
lime to carbonate of lime, which latter forms a 
deposit or sludge at the bottom of’ the copper, 
whence the clear liquor is pumped. In a large, 
up-to-date mill, 
plant similar to 
that employed for 
oausticising “ re- 
covered ash” from 
esparto liquors 
would often be 
made use of. 

The soda re- 
quired varies from 
1 per cent, to 5 per 
cent., according to 
the quality of the 
rags, about half 
8 of which is, or 

— should be, neutralised dur- 

ing the first hour, and nine- 
tenths at the third hour. 
Soda forms a soluble soap 
with the dirt, which is easily 
removed on washing, and 
softens the resistant lumps 
or ahive in the linen. 

The rags are next removed 
to the breaker, where they 
are broken in and washed. 
The washing is carried on 
for two or throe hours, 

removed. 




” willow ’* [1], con- 11 

sisting of drums revolving at different speeds in 
a box, and provided with an iron prong, passing 
betwemi fixed prongs. This beats the rags about 
and loosens the dirt, after which process the 
rags are delivered into a revolving duster like 
that previously described,' where more dust and 
dirt is deposited ; then ihe rags are discharged i 
into a truck ready for the boilers. I 

.Rm Boillnii. The early boilers were 
simply open pans neated by direct fires. The 
present hoflw is horixontal, oylin^ioal, or spheri- 
cal The boiler is mounted on trunnions, 
through which the steam and water enter ; it 
is made to revolve slowly, otherwise it is con- 
structed very much like an ordinary steam 
boiler. It is provided with a' manhole, and 
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Sl^imrto Gtmmi. Bags failed altowther to 
' supply the demand on acoonnt of tihe great inoreaae 
in nee of paper. This demand waa met by the 
introduction of esparto grass by Boutledge in 186Sf. 
The bale of espako when receiTed waa formei'ly 
picked over oarefnlly by hand 
as it paasee along a travel- 
ling band; it is now dusted 
and delive^, without catting, 
into a boiler of peculiar con- 
struction, known as a vomiting 
boikr. By an ingenious arran^- 
• ment of pipes, the liquor which 
drains through the false bottom 
nses up the side tubes and 
vomits as a spray on to the 
eorface of the grass, thus pro- 
ducing a constant circulation. 

Spanish esparto gives the 
highest yield and best quality, 
and, consequently, command 
the best ^wice. For further 
details of esparto and lag 
treatment Beadle’s “ Chapters on 
Paper-making” and “Fibrous 
Constituents of Paper” may be 
consulted. 

The Remowal of Licruors. In some 
systems, after the boiling is com]^eted, the material, 
which is now reduced to pulp, is blown into another 
boiler luider pressure, from which the liquor is 
removed by water displacement in such a manner 
that the liquor is dflutra as little as possiUe. As in 
the case of straw, the liquor is passed On to the 
evaporators, where it is concentrated and reduced 
to “aah,** and after causticising, is used over again. 

Sisea of Fihroa* In considering different 
napermoking fibres it is necessary first of all to 
form a mental picture of their relative sizes. This 
can be done by referring to the first two columns 
of the following table : 



may^ in some oases, be disirngidshed from hemm 
to which it bears a very dose i«soii^ldsnoe, eiioii^ 
at times to baffle the s\iB of the WMt expeHenoM. 
In its raw oonditian it contains waxv and peotose** 
substances. The asbof raw flu varies from *7^to 1*3, 
and of bo^toh^in the raw state 
is abbut^per cent. 

Esparto fibres [15 and 16] 
are generally smooth and regu- 
lar, and when seen against 
cotton, linen, hemp, and wood, 
und^ a microscope, appear 
much smaller. They can be 
recomised generally in papers 
by the presence of little tooth- 
shaped particles [see 15 and 16], 
which are the leaf hairs. 

The straw fibre [14] some- 
what resembles esparto both in 
size and appearance, but the 
serrated cells vary aocorC^g to 
the kind of straw or its source. 
There is also present in straw 
a number of oval cells, derived 
from the pithy matters attached 
to the inside of the stem. 

The wood fibre resembles none 
of the foregoing. That derived from Soandina- 


SECnOK OF ESPARTO MAGNIFIED 
52 DIAMETERS 


PAPER-MAKING FIBRES irNDER TUB MICROSOOPB 


Cotton paper fibres, straiuht 
„ „ „ twisted 

,, ,, ,, curled 

Flax stem, seen in section 
Flax fibres contained in No. 7, greatly 

Jaraed 

Flax 


SIZES or PAPER. FIBRES 




Fibrw 
per inch 
pUced 

Beeten 

etnff. 



sKlebr 




■Ide. 


Cotton .. 

1 

1,200 

80 

Linen .. 

1 

1,200 

80 

Stisw .. 

75 

1.250 

75 

Esparto.. 

18 

2,200 I 

25 


Fibres c 0 t 
doriof heattug 
into About. 


80 pieces 
80 pieoes 
, Not cut 
i About a third 


to 

tl 

12 


13 


14 

15 


16 


wide 

leaf 


cation. 

'“nuT" 

800 

800 

800 

30 

82ft~ 

70 

110 

90 


150 

150- 


325 

62 


Each of the filnrcs in question varies 
considerably in length and diameter, so 
that the average figures only are taken. 
Cotton and linen fibres are about an inch 
in length. Straw, which is very short, would 
require 75 jfiaoed lengthwise to equal an 
in^ and esparto about 18. 

As to diameter, the cotton and linen 
are about equal, esparto being tlunner. 

The last column shows length of 
the fibres as manipulated for the paper 
machine — that is, after they have gone 
through the processes of bating, to ^ 
described later. 

Under magnification cotton often re- 
sembles a spiral collapsed tube, twisted on 
itself like a corkscrew [4 to 6 ]. 

Linen or flax [7 to 9] consists of trans- 
parent fibres, regular, smooth, and with 
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pressed by tw 
id **obemioal.” 

parent itDres, r^lar, smooth, and with tains prpotloaily all the ingrodiente‘of the 

taperum ends, and a very smallboleor canal running mrfginal wood, such as resins, gums, encrusting 
along the centre. Sometimes it shows a slight mark- matter, eta, in additioii to the fibre proper. The 


fibres as separated for paper- 
bg tabottt) .. .. 

Cotton and linen fibres in paper, reduced 
to fragments by beating 
Fibres of paper containing wood (large 
fibred, esparto (small fibre) .. 

Fibres of Times ” newspaper ; 
fibres, wood; narrow, esparto 

bain like teeth 

Wheat straw, highly magnified, showing 
section of paper-making fibres (0-sided; 
with small holes in centres . . 

Bleached straw pulp ready for making 
paper, showing fibres and vessels • . . 

Bleached esparto pulp, not disintegrated, 
showing paper-making fibre ; leaf 
hair and serrated vessels 
Esparto leaf, blowing whole section . . 

vian wood shows long, wide fibres not 
unlike an elongated collapsed envelope 
with rounded ends. Chemmal pine w^ 
fibres [19] have charaoteristio pitted vessels 
on tiieir surface like rows of small eyes. 
Poplar wood has charaoteristio ves^, 
with scale-like markings ’ on the snrfaoe. 
The foregoing, as also hemp, jute, etc., 
are all, perlmps, better understood by a 
careful exammation of the several drawings 
and photomicrographs. 

For large photomicrographs consult 
Beadle’s “ Fibrous Constituents of Paper.” 

Wood Pulp* In the process of 
conversion of wood into pulp, there are 
two great divisions, wnion can be 
expressed by two words, ” mechanical ” 
1.” Mechanical pulp con- ' 
tains prjtotioally all the ingredients of the 


ittg, and here and there star-shaped puckerings, chemical 
By the aid of these |)eculiar markings the linen fibre tained by 


proper. 

cimsists of the fibrous residue ob- 
removal of all foreign bodies by 
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MAGNIFIED WOOD FIBRES 


Yield of 

Wood 
3rleldB by chemical 
process approxi- 
mately 50 per cent, 
of air ptilp> 
more or less accord- 
ing to circum- 
stances. The mode 
of cooking, etc., in 
the sulplmte pro- 
cess is not uxdike 
that of the soda; 
no special lining 
being required, this 
is greatly in its 
favour, ^e pro- 
cess has, however, 
the objection that 
quantities of sul- 
phuretted . hydro- 
gen are generated. 
Works therefore 
need to be 
located where a 
nuisance may be 
tolerated. 

Ten or fifteen 
vears ago un- 
bleached pulps lost 


chemical treatment. Mechanical contains frag- 
mentary particles, more or less fibrous, according 
to the nature of the wood and the care exercised 
in the process. Needless to say, chemical 
wood is much suMrior to mechanical in strength 
and lasting qualities. It is, of course, more 
exp^hre to produce. 

Chemical Pulp. There are three processes 
for the manufacture of chemical pulp — ^namely, 
the “soda,” the “sulphite,** and the “sulphate*** 
processes. 

The soda process consists in “ digesting ’* or 
boiliim chips of wood under pressure in wrought- 
iron digestm or boilers, somewhat similar in con- 
struction to those described under Rag Boili^, 
the temperature ranging from 340° F. to 360° f\, 
and the steam pressure from 100 lb. to 140 lb. per 
square in. The yield is decreased by increasing 
the amount of soda, and the soda med may be 


ES bleached pulps lost 

10 per cent, or 
12 per cent, on bleaching. Now the cooking 
processes 'have been so much improved that the 
best brands lose on an average no more than 
5 per cent, and consume approximately 10 per 
cent, of bleaching powder on the weight of the 
dry pulp. Some pulps bleach much more readily 
than owers; hence we find pulps on the market 
advertised as “easy bleaching,** which, however, 
on careful examination and compared with 
others, are often found to 
^ be misnamed. 

I |4/ The manufacture of 

. I m wood pulp is a vast 

-T: — ^ industry in itself, but 

^ inasmuch as England 

-j buys all (or nearly all) 

^ It J her supplies ready pre- 

pared, we shall content 
ourselves with a few 

24. general remarks on the 


15 per otmt to 25 per cent on the weight of the old wooden stampers subject 


wood, with sufficient water to saturate the mass. 
On the completion of the boiling, which takbs 
about eight to ten Imurs, the digester is dis- 
charged, the strong liquors and washings carefullv 
o<dleoted, concentrated, calcinated, lixiviated, 
causticis^, and used over again, tmther witfr 
sufficient fresh soda to make up the k>s8 on 
recovery. 

f MAOXrVJSO WOOD FArJUt-RAKIKO FIBBKS 


Sjpruoe wood, transverse section 
Fine wood, lonidtiidlnal section 
Mechanical uulPt ground from pine 
or spruce, shoinng Urge partidea . . 
Chemical wood pulp from poplar, show- 
ing diaraoteristio pCH^ered vessels 
Ohemteal wood pulp from poplar ; 

pap« oonaisting of diemieal and 
machanlcal %ocd 


A few photomicrograph 
of wood fibres are shown in 12 to 22. 

Primitiwe Beatiiig. For the reduction of 
fibres, to polp, the first discoverers probably chewed 
the fibrous material and spat it out aa a smooth 
surfeoe to dry; after this some orude form of 
hand mill, resembling a pestle and mortar, 
was used. The same prinomle was in ,vogue, 
only on a larger scale, and driven by water 
power, up to about 1^ 3 rear 8 a^, but when 
wind and water took the place of hand power, 
the peetle was raised veraoally by moans of 
a cam on a shaft^^and allowed to drop into a 
trough [24]. A battery of these stumpers was oon* 
stnioted by gous^ out the stem of a tree, so as 
to form a trou^ the bottom of which was shod 
with iron, and hails with broad heads were fixed 
on the bottom of the stampers. Their general 
appearance would be like a batch of stampers fei;^ 
quarts crushing, only constructed in rather a 
• primitive way from wood. . . 


TlSe 'HollMder. About the middle of the 
'17th oeutory an instrument was invented in the 
Netherlands which yielded a hundred times m 
much as the stampers method^ and did the work in 
about one tenth of the time. This instrument is 
known to this day as the ** Hollander/* and oon^ 
Hists of a trou^ with semioircular end^ along the 
centre of udiich is a diyi8i<m known as the mid- 
feather. Across the larongh is a shaft, bearing a 
heavy roll, having a diameter of about double the 
depth of ^e troi^h. The roll is provided with a 
number of knives |daced a few inches apart, pro- 
truding an inch or two, and bevelled to form a 
knife edge. Tim roll is capable of being raised or 
lowered. The roll is brought down on to a “ bed 
{date,** provided with fixM knives placed at an 
angle. The trough is dished all round at the bottom 
to avoid sharp angles and to prevent lodgments of 
stuff. The centre of the bottom is practically all 
at one level except close to the roll, where it rises at 
a fairly steep gradient to the bed-plate whence 
, it takes the curvature of the roll, 
to, say, halfway up, and suddenly 
slopes down t£e “ backfall** The 
structure of the Hollander is the 
same in principle as it was in those 
early times, but, of course, with 
important structural im]wovemcnts. 

The modem Hollander is larger and 
18 constructed usually of metal in- 
stead of wood. 

The Hollander at Wortl. 

The illustrations [25] of the modem 
Hollander in plan, in longitudinal 
s'^ction, and in cross section, are 
special^ prepaied to show how 
the machine is operated. The 
arrows show the travel of the stuff. 

The plan shows on bottom near 
two ends the valve or plug to the 
left through which the waten stuff 
is discharged to the chest; the 
valve to right for washing out when 
required; the valve at the top 
rignt hand of plan supplies wash 
water, which is drawn off by the 
revolving wire gauze covered washer 
dmm by the scooping action of 
curved plates placed in side, as 
shown by dotted lines in the longi- 
ludinal section, the water discharging at centre, 
down the drain. The general contour of bottom and 
sides can be graspra by examiniog the above 
illustration. Just before stuff roaches the roll 
it is passed over a depression in the bottom covered 
with a perforated plate, where it deposits grit and 
heavy materiid such as l^ken buttons, etc. Some- 
times there is an additional and , larm false 
bottom placed at the opposite side of Sic mid- 
feather for a similar purpose. The former is 
shown in section. The^ are suitable mechanisms 
for raising and lowering the bcater-roU and washing 
drums. The action of a Hollander beater-roll is 
two-fold. 

Its first object is to separate individual fibres 
one from another, and, if necessary, to reduce 
their lenfl^h to suit the requirements of the paper- 
mid^or. Its second object is to promote the circula- 
tion. For the latter purpose the bars are generally 
arranged in clumps, two or throe toother, with 
larger spaces in between the clumps. The hrmit bar 
of each clump acts like a blade of a paddle-wheel, by 
joshing the stuff round and causing it to circulate. 
The time of circulation may be from two to five 
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minutes, or even longer, dependihg upon the kind 
of stuff and its thibiaiees—in fac^ it vati^ enor- 
mously at different staM bf the beating. When 
the bcNstcr is first filled vdth material, the oirtmlatkm 
is very slow, but as the material getSrreduoed the 
speed increases. There is good reason for placing 
the bars of the bed-plate at a slight angle with 
tlmse of the beater-roll, as tlu|i' tends to promote 
somewhat of a cutting action. 

Figure 26 showa a modified form of the Hollandci 
with two beating-rolls and washing drums. Modifi- 
cations of Hollanders have been constructed in the 
form of a four-sided trough, each trough being 
provided with a beating-roll The almost universal 
type, however, is the one we have described in 
detail. 

' From ^ Halfoatuff '* to ** Beaten 
Stuff.** The beating of rag half-stuff to finished 
stuff takes about four hours for writing-papers, 
about two. hours for blottings, anywhere from six 
to twelve hours for ** banks ” and very strong papers 
where it is required that stuff 
should work wet.** A breaker 
containing about 4 owt. of rags, 
“ dry weight,” absorbs about 
25- horse power, and takes four 
hours. The beater to the same 
quantity absorbs from 30 to 35- 
horse power. The power required 
is greater with strong and less 
with weak materials. In addition 
to the beating, the operation of 
refining is often resorted to. This 
is a continuous process, whereby 
the material is ” cleared ” of all 
knots and irregular particles. 

From Rags to ** Half- 
atuff.** The ” breaking-in,** as 
it is called, in the case of rags, 
jute, and hemp, is the first opera- 
tion preparatory to beating proper. 
The boned rags are discharged 
from truck into a “ breaker,** which 
is really a beater or Hollander, as 
above described, but with blunt 
bars. The roll is put down so 
as only just to clear the plate. 
This r^uoes the p^icles of ram 
to ” half-stuff,** or it performs the 
operation of unravelling the 
weaving.* This takes about four hours. The breaker 
has a revolving washing drum covered with wire 
gauze, provmed internally either with lifting 
buckets or syphons, by means of which it sucks 
the water through the meshes. A copious supply 
of clean water is added in front of the beater-roll, 
and dirty water is drawn away through the wash- 
ing drum. 

By this moans a large amount of mechanical 
dirt is separated which cannot be removed so long 
as the rag is intact The washing lasts about 
two hours, after which the operation is stopped 
and the ** breaking-in ** continued to the condition 
of ** half-stuff.” The breakers are usually situated 
on a higher level than the beaters into which they 
discharge. 

An oraioary Hollander roll is provided with, say, 
60 bars, and the bed-plate with 15, making, say, 
900 contacts per revolution. The roll makiSs, say, 
180 revdntions per ffiinute, which gives ns 162,000 
** beats ” or cuts. The bars are, say, 8 ft. 6 in. 
wide, so that we may compare a Hollander to a pair 
of blunt shears 3 ft.. 6 in. wide, making 160,000 cuts 
tretyt minute, through fine fibres. A “Taylor** 
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^lly of a cone pro- 
dth bars carried on a 


. beater has a width of bars 60 in. and will make 
l^OOO^OOO^ beats In one mkndn. Hence, one reason 
for its greater rapidity of action. 

AIttt the staff leaves the beating engine (whether 
Hollander or other tyM) it generfily passes to the 
** chest,” or store tank, whimoe it passes on to 
the machine. It is now frequently the custom to 
leavo the stuff from the b^ter in a somewhat 
unfinished state, and to pass it through a refiner 
before it reaches the machine. This type of 

machine is continuous in its 

action, the stuff passing .in 
at one end and emerging in a 
finished, or “refined,” con- 
dition at the other. One 
form ' of refiner consists 
ossentiall: 
vided wi 

spindle, and rotating at a 
rapid rate in a hollow cone 
nravided internally with bars. 

stuff in its passage be- 
tween these bars is quickly 
refined. At the end of the 
cone is a rotating disc, re- 
volving against a fixed disc, 
each provided with bars or 
knives. The well-known types somewhat on these 
lines are the Marshall f27], the Home, and the 
Jordan, mostly, we believe, of American design. 
Another type is entirely on the disc principle, such 
as the Kingsland refiner, which has the advantage 
of occupying very little floor space. 

Hollanders, when first introduced, held perhaps 
only 50 lb. d^ weight Up to 26 years ago, they 
held only 3 cwt ; sS) years ago, 4 cwt, wim larger 
ones for “news.” Now the largest hold 20 cwt 
and over. With increased size there is increased 
economy, os proved by recent trials. Against 
this question of economy of power we must not 
forget that Hollanders above a certain size do 
not produce suitable material for all purposes. 
Thus, for hand-made papers, Hollanders holding 

cwt to 2 cwt. should not be exceeded, partly 
because the stuff is not so satisfactorilv beaten, 
but more especially, perhaps, because the orders 
the makers have to fulfil are comparatively small. 
For fine machine-made rag papers, 4 cwt. is perhaps 
a convenient size. 

Mechanical wood pulp, of which “news” contains 
about four-fifths, requires very 
little expenditure of energy — 
only a few horse-power hours 
per cwt — to reduce it to pulp 
for the paper machine. An 
enormous amount of power has 
been consumed in rMucing it 
from pulp wood to sheets of 
dry or moist pulp, in the first 
instance, in the mills of Scandi- 
navia and Canada, where it is 



HOLLANDER WITH TWO BOLLS 


prepared. 
The foUov 
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owing table shows the 
power oonsumcSlin comparison 
with sulphite wood : 

Manilla rope requires 8T per cent, more power 

than sulphite wood. 

New jute threads require . 110 „ «» »» 

New twine ends require 273 •> »» 

Newlinenthreads require 331 „ h m 

New rags require 409 „ „ •» 

'’’^'^Umphenton** is a beater in which the roll 
M the agitatioii, as with the Hollander, but 
) stuff, insteiSl of travelling round in a horizontal 
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trough, passM underneath and up the other end, 
thus economising about half the fiber space over 
the Hollander, a matter of considerable importance 
in some paper mills. 

Why the Hollander le Sometimes 

Wasteful. Oarefullv conducted trials have 
demonstrated the fact that of the total power cem- 
sumed by the Hollander when reducing air-diy 
sheets of sulphite- to beaten stuff one-third is 
expended in agitating the stuff ; and the fact has 
been demonstrated, after 
conducting numerous power 
trials, that there is in such 
oases at least 25 per cent, 
of the power wast^. This 
percentage is much greater 
with materials like esparto, 
straw, and mechanical wood 
than with chemical wood, 
but the figure would be less 
when dealing with rags and 
other strong materials which 
require a greater total ex- 
penditure of power in their 
reduction. 

Modern Beaters. 

To save this useless expen- 
diture of power, special beaters have been con- 
structed whereby the “circulation” of the stuff 
is promoted by an independent agency. This 
circulation can now be done in patent beaters 
of the capacity of 700 lb. to 1,000 lb. dry weight 
at 2}-horse power. The circidation in the Hol- 
lander of equal capacity might amount to from 
10 to 15-hor8e power. There are several well- 
known makes of such beaters; among them may 
be mentioned the “Taylor” [28], wie “Reed” 
[29], “Acme” and “Masson Tower.” The stuff 
is either made to circulate round in a horizontal 
trough, as in the “Reed” and “Acme,” or to 
travel downwards and up again, as with the 
“Taylor” and “Masson Tower”; but in each 
case we have this all important factor — namely, 
independent circulation. 

Only just Bufiioient material is made to overflow 
the bM-plate as the roll can operate upon, the 
roll remaining out of contact with the stuff, 
except where actual beating takes place. With 
the Hollander, the roll is immersed in the stuff up 
to about half its diameter, and the rapid beating and 
churning of the bars ag 
the stuff uselessly absorb 
immense amount of power. 
^n||^ With the patent beaters, the 
bars of the roll are placed equi- 
distant from one another, and 
close ; this is a very great 
advantage. In fact, the “ bars ” 
of the roll and “ bed-plate ** 
are located and constructed so 
as to beat to the best advan- 
tage, hence the economy. This 
course cannot be %doptkl with 
the Hollander, where the bars 
have to promote the ciroida- 
tkm as well as do the beating. 

When treating very strong material, soch 
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esparto* mixture^ of ohemioal and meohanioal wood, 
straw, etc., and there are reasonA in favour of the, 
Hollander which cannot bo diaoussed here. Is 
oertidn bases, moreover, the agitation Is not uselessly 
^ 6283 
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expended, fw it improres the oharaoter of the stuff. 
Jmd, moireover, very large Hollanders, such as those 
of a capacity of 20 cwt., have been poved by recent 
trials to be far more economical m propdrtion to 
dieir output than smaller ones, so that the last 
word has not yet been said on this subject; but 
in the aggregate, for the majority of ^pers of 
modem modes of manufacture, results tmd in 
favour of that kind of beater in which the circu- 
lation is promoted by an independent ageticy. 

Blnachlnc Rag Half«atulf« The bleach- 
ing of rag half-stuff is ordinarily done 
by adding bleach solution to the 
“potoher,” which resembles 25. The 
bleach required varies, according to 
the quality of r^, from 1 per cent to 
6 per cent. Inis is emptied into 
“ steeping ” tanks made of brick or 
concrete, surrounded with cement and 
paved with perforated earthenware 
tiles. When me bleach has exhausted 
itself after 18 to 24 hours, the waste 
liquor is drained away and the 
bleached half-stuff dug out and lifted to the beaters. 

Another way is to add the bleaching liquor to the 
beater, the bleaching being effected while the dis- 
inte^ation of the fibre is being proceeded with. 
In this latter case, the work of bleiching his to be 
done in two or three hours, which necessitates the 
addition of a larger proportion of bleaching solution, 
only about half of which is actually us^ up, the 
othCT half having to be neutralised by the addition 
of sodium sulphite or sodium thio-sulphate, as anti- 
chlor. This process costs more for chemicals than 
the “ steep ” bleaching, but does not interrupt the 
operation, and saves time. But it can be resorted 
to only for the finer qualities of 
rags which require compara- 
tively little chemical treatment. 

* Bleaching Chemical 
Wood. UnWeached chemical 
wood pulp that requires to be 
foleacbiM is ordinarily added to 
a “ potcheT;” when the fibre 
is sufficientiy separated ; a 
6® Tw. ( = 6 per cent) bleach- 
ing liquor is added (equal to 
from 10 per cent to 12 per 
cent of dry bleaching powder) 
on the drv weight of the wood 
pulp. When properly mixed, 
the mass is discharged into 
steeping tanks, left for 24 
hours, oramed, and lifted to the 
beaters. 

Older Methoda of 
Bleaching. The ordinary 
method of bleaching . by adding 
the bleaching solution to tlm 
potcher, and emp^in^ same 
to the steeping tank, involves 
considerably handling and 
labour, and usuallv takes 24 hours to accomplish. 
Moreover, after the steep-bleach is exhausted 
the half-stuff has to be raised again to the level of 
the beaters. Something better is wanted to save 
time and money. In paper-making, as in other 
industries, the modem tendency is to centralise 
everything, such as power, plant, etc. With such 
centralisation comes economy of power, saving of 
labour, and increase of output. - Such points as 
these are of paramount imjMrtanoe to the Knglish 
paper-maker, who is compiled to economise in all 
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tkm. The avoidance of handling results not only 
in the saving of pK>wer, etc., but prevenfo alro 
o<mtact with dirt, which is dififoult to avoid under 
ordinary ciroumstanoes, even whoa great care is 
exercisM. 

Now, it is possible to avoid the handling of the stuff 
altogether from the time it entm the ** breaker 
until it reaches the reel ** of the paper-machine 
as finished paper. By operating valves, wheels, 
levers, etc., the stuff can be made to pass through the 
various mechanical and chemical operations out of 
contact with all disturoing influences. 
In order to show how mis is done, 
we shall describe the most recent and 
up-to-date plant by means of which 
this is now so successfully accomplished. 
Figure 80 shows the arrangement of the 
plant recently erected, xn this par- 
ticular installation, in another building 
the stuff is. bleached in the manner to bc' 
described later, and conveyed ’ in 
diluted form through 90 ft. of copper 
piping to the final bleaching tower, C. 
This is known as a Masson Tower, and is provided 
with a slowly revolving gauze-covered drum, B, 
driven by a gear wheel, A, The drum, in this 
case, acts us a washer by removing or washing 
out the residuum of bleach after the bleaching 
operation is accomplished. During the operation 
of bleaching, and its removal by washing, the stuff 
circulates round and roimd in the tower in the 
direction of the arrows, being propelled by the 
circulator C. When the bleaching is completed 
the washer B draws out the residuum of chemicals. 
By turning a valve the circulator discharges the 
contents through a copper pipe into one or other 
of the four Masson tower 
beaters, marked £. These tower 
beaters each in turn reduce the 
stuff to the condition required 
by the paper machine, and 
deliver same to the stuff chests. 
The circulator G is driven by 
a motor, H. The beating, circu- 
lating, and discharging of stuff 
in the Masson towers is motor- 
driven through the shaft K. 

The travel of the stuff in the 
Masson tower beaters (E, Nos. 
1 to 4) is promoted by the 
circulators underneath, and 
passes round and round in the 
direction of the arrows in a 
similar manner to that of the 
Massem bleaching tdwers. The 
roll F at the top does the 
beating. In the centre, and 
close to the top of each of the 
bleaching towers and beaters, is 
suspends a cone-shaped ho^, 
which nearly fills the tower, but 
leaves a small space for the stuff 
to pass. On the point of this cone the stuff is made 
to flow and slide down in all directions, then passing 
throu|^ the narrow ring-shaped apertnro, between 
the edge of cone and tower. By the aid of this 
ingenious contrivance, the stuff is thoroughly and 
uniformly mixed, and an absolute distribution 
insured, such as is not. possible under ordinary 
circumstances with the Hbuander. 

CantlnuouA Blemchisiff. The section on 
right in 80 'shows how the oyoTe of operations can 
be performed in a comparatively small space under 


directions to fight foreign br neighbourly competi- one roof, so that the man in c^rge has everything 



at his elbow. We have here four of the MaoKm 
tower, beaters F and fiye bleaohhaff tower* C. 
The stoilt oonstitinff either of tmbleaoned anlphite 
pulp or esparto, ia first put into the large breiAing 
engine A, where, if necessary, it is washed b^r a 
washing druni (mt shown). Attached to this engine 
is a ‘patent circulator (not shown) which empties the 
breaker and discharges the stuff into the No. 1 
tower C. While No. 1 tower is being filled to the 
brim by repeated charaes, the waimer drum £ 
(usually oallM the cirewaiof) is put into operation, 
by which means the water is drawn out, reducing 
each charge of stuff to about half its former value. 
When the tpwer is full it is finally reduced by con- 
centration BO as to pull down the level a foot from 
the top, to make room for the bleaching liquor. Each 
tower absorbs SO-horse 
power when circulating. 

The passage from one to 
the other takes from 6 
minutes to 10 minutes. 

The stuff rests still in 
towers 2, 3, and 4, for 
about 2| hours ; therefore, 
out of a total of 150 
minutes in each, the 
circulation is promoted 
for, sav, only 10 minutes, 
or i^th of the time. If 
going continuously, each 
tower would bo absorbing 
30-horee power, but as each 
circulates for only ^th of 
the time, it is abswbing on 
an average only 2-horse 
power. This applies to the 
three inside towers. As the 
two outside towers have 
to do the concentration 
and washing respectively, 
the circulation in each has 
to be in operation 30 
minutes out of 150 
minutes, or ^th of the 
time, which is equal to 
on average of 6-horse 
power. 

The Adwmnteeee of 
Conoentfmted Stuff. 

The tower beaters each 
hold stuff suifioient to pro- 
duce 14 cwt of paper. 

The bleaching towers, 
measuring 16 
8 ft 6 in. 

meter, each hold concen- 
trated stuff sufficient for upwards of two tons of 
paper. Their capacity in cuDic feet is about 960. 
The five towers, therefore, together hold 10 'tons 
(paper), and under ordinaj^ conditions of maki 
the stuff passes through them at the rate Of 
tons of paper per week. The unbleached stuff 
emerm as a bleached product in about 13 hours 
to lOhoura, being about half that required In the 
ofidinary **steep^’*^ bleach. The ordinary concentra- 
tion in the Hollander or potoher ia 3 per cent 
to 5 per oent of dry flb^ aooordhig to cir- 
cumstances. In these towers the concentration is 
approximately doubled. The rate of bleaching 
largely depends upon the concentration, because, 3 
we get the Ueach into a smaller volume,* it will be 
ohemioany more active, and will do its work more 


ifilft. l^h by 
intemal dia- 


q^kly in consequence. Thus it is by a system cl 
this kmd, which is quite a revolution over toe time- 
honoured m€)toods so long in vogue, that economies 
in time, laboiur, power, and chemicals can be 
effected. If such a concentration were produced iu 
toe ordinary potoher, the stuff would be too thick 
to travel round, and would, therefore, be entirely 
unworkable. 

Note that righ^-hand plan of 80 is a complete in- 
Btallatian all c^er one ouilding, such as would be 
installed in laying out a new mill. The '' washer ” is 
toe same in construction as the concentrator.'* It 
consists of a revolving drum covered with wire gauze, 
similar to toe drum of an ordinary breaker, as in 
25^: but capable of discharging the wash water 
at each end. The stuff is pumj:^ up to it by toe 
circulator. The concen- 
trated stuff is paddled 
forward hy triangular pro- 
jections nxed to the out- 
side of drum, toe drum 
revolving in a kind of 
trough somewhat like the 
back fall ** of a beating 
engine. 

The Contliiuoue 
Peesage of Stuff. But 

to return to our descrip- 
tion 80. No. 1 tower is 
emptied in about six 
minutes by toe attached 
circulator, I>, into No. 2 
tower C, where it rests 
undisturbed for about 2^ 
hours ; the circulator in 
No. 2 tower C in about 
six minutes empties toe 
stuff into No. 3, where it 
again rests; from No. 3 
to No. 4, and then into . 
No. 5 tower. Immediately 
the bleach has done its 
work toe residuum of 
chemicals is quickly re- 
moved by means of the 
attached wash drum E. 
The bleached and washed 
stuff in No. 5 is now 
discharged from one or 
other of toe four Masson 
tower beaters oppmite. 
The process of bleaohingis 
praotioally continuous, as 
immediacy No. 1 tower 
is empty it is refilled 
by repeatedly filling and 
emptying toe breaker, and passed on to No. 2, 
No. 2 to No. 3, etc., so that the one end, 
Na 5, is constantly being discharged into one 
or other of the fomr tower beaters F, which each 
in tom do their work and discharge the finished 
stuff into toe stuff chests ready for the pap^- 
maohine. , 

This instaJlation can easily be looked after by 
one beaterman, and one man in charge of the . 
bleaching towers and breaking engine. In addition 
to toe pkn, we liave shown in each case the eleva- 
tion, BO as to render the general arrangement more 
intelligible to our readers. 

The above arrangement is after toe manner of 
»lant designed and installed by Messrs. Masson 
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are ordered ia same oaaee of rhenmatisiii. Sea water 
la exoelleat for thk purpose, Irat if not obtainable, 
the aea-salt can be dissolved in hot water, and this 
preparation has great value. 

Oatmeal baths are soothing to patients suffering 
from skin complaints. A bag containing from liall 
a pound to a pound is squared in and out of the 
water till the water feels soft to tlie hand, fhe 
same bag can be used to soften the water of two or 
three baths. A mustard bath, whether used as a 
foot bath or for total immersion, is often useful For 
a cold in the head few rem^es are more efficacious, 
and a child suffering from croup will be best treated 
with such a bath. 

How to Admlnlater a Cold Bath, A 

cold bath is sometimes ordered to reduce the 
temperature of a feverish patient The patient 
suffering from hyperpyrexia (high fever) is so ill 
that if tne doctor orders a cold bath he will probably 
be present to look after its adminisiration. A tepid 
bain with water at a temperature of about 90° P. 
is prepared and the patient placed in it. Then the 
temperature of the water is allowed to fall to about 
00° or 65° by the addition of ice-cold water and 
pieces of ice. The feverish patient’s body will give 
out enough heat to raise the temperature of the 
water for some time, but in a few minutes he must 
be put back to bed again. He should be covered only 
with the sheet and perhaps a blanket over his feet. 
For some time his temperature will continue to fall 

The Hot Bath, When a hot bath is ordered, 
the patient is wrapped in a blanket and put into 
a bath at a tempmture of 100° F. to 110° F. 
The temperature is kept constant by the addi- 
tion of successive portions of boiling water, 
which should be poured oautiouslv down the sides 
of the bath. The bath should be covered over 
with a blanket to prevent loss of heat. Mean- 
while the bed should be prepared with a large 
macintosh covering the lower sheet. Then, after the 

S atient has been in the water about twenty minutes, 
e should be lifted out, blanket and all, -on to the 
macintosh and rubbed down with a warm towel. 
A warm flannel shiH is slipped on, and he is wrapped 
in the warm, dry blanket ; the macintosn is 
removed, and he is quickly covered up in bed. 
Such a bath is mven sometimes to induce free per- 
spiration. In &at case hot drinks should follow, 
and hot bottles may be put in the bed. The uses 
of a hot bath are many. It may be intended to 
diminish pain, to relieve delirium, and to allay 
convulsions in a young child. 

Vapour Batha, In administering a vapour 
bath, uie patient should be enveloped in a blai^t, 
and seatea on a wooden chair standing in a foot- 
bath. The blanket should fall over the sides of the 
bath, leaving the patient’s hhad free, but all other 
parts of his Dodv exposed to the vapour from the 
not water. His met should rest on a fold of blanket 
on the side of the bath. Then the bath should be 
half-filled with boiling water. When the steam seems 
to be exhausted, hot bricks and fine clay balls can 
be dropped into the water to generate more steam. 
The patient should be exposM to this vapour for 
about twenty minutes. He should then be rubbed 
down quickly with hot towels, dressed in a flannel 
shirt, rolled in a blanket, and put into bed. A 
vapour bath is used for cases of rheumatism, gout> 
etc. The matest care must be taken to avoid 
chills after uiese hot baths, or serious compUoatiems 
m^ ai^ 

To give a vapour bath in bed, the patient, en- 
volopd in a blanket, lies under a bed*cradle, which 
•ui^ports tlw bedclothes. Over this framewqrk rests 
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a macintosh, and three or four blankets. ' XJnd^ 

' the patient is another large macintosh covered by 
a blanket. The blanket which enveloped the patient 
is then drawn out, and the spout of a bronchitis 
kettle inserted between the blankets. The kettle 
should be resting on a properly-protected stove, 
and the steam will pass fr^ly into the beki and 
acton the patkmt’s ridn. Great care must be 
taken not to soMd the patient and not to bum the 
bedding or upset the stove. In about twenty 
minutes the Kettle is withdrawn, the cradle re- 
moved, also the macintoshes, and the patient 
remains in blankets, carefully protected from all 
chance of catching cold. 

Hot-air Baths and Hot Pacha, The 

preparations for a hot-air bath are the same as 
for a vapour bath, and the patient is enveloped 
in a blanket. Hot air is then passed in from a 
specially-constructed lamp. The greatest care must 
be taken to avoid an accident. The lamp must 
be well guarded, and every care taken that the 
patient is not burnt. Hot-air batlis are ordered for 
patients suffering from Bright’s disease, and such a 
- patient may be in a semi-conscious or unconscious 
condition. Such a patient might have his skin 
seriously burned by any carelessness on the part of 
the nurse, and such burns heal with difficulty. 

A hot pack is used to induce perspiration much as 
a hot bath is used. It is easier for the home-nurse 
to manage alone, and, if skilfully given, is very 
efficacious. The patient’s nightshirt is removed, and 
he is placed in bed on a hot blanket, under which is 
a macintosh. A sheet or blanket is rolled up length- 
wa 3 r 8 , dipped in boiling water, and wrung out much as 
a fomentation would be, using a draw-sheet or very 
large towels as wringers. The patient is rolled on to 
his side in the bed, and the hot sheet and blanket 
laid beside him still only half unrolled. He is turned 
over to rest on tins, and then the rest of the sheet 
is unrolled, and he is enveloped entirely in it with 
the blanket on top. He is then covered with another 
macintosh and additional blankets. Then he may 
be given plentv of hot drinks and hot-water bottles 
may be placed in the bed. This treatment should 
induce copious perspiration. In about twenty 
minutes the wet sheet, blankets, and macintosn 
may be withdrawn, and their place taken by a hot, 
dry blanket. 

Tlie same precautions against a chill must be taken 
as after a vapour bath. Generally the patient will 
be very drowsy after the pack. The best time to 
administer it, werefore. Is in the evening, so that he 
seUle down to sleep undisturbed for hours. 

Cold Packs, A cold pack is used to reduce the 
temperature. only difference in administering 
a oold pack is that, instead of using a hot blanket, a 
sheet %rung out in cold water is used, and instead 
of heaping blankets on the bed, a single sheet is used 
as a covering. Sometimes pieces of ice are rubbed 
over the paint’s skin. Every .precaution must he 
taken in case faintness should attack him. 

Ice is exceedingly useful in the sick-room. Some 
should be broken up and placed in readiness in a* 
small diriL A tbirs^ patient will find small pieces 
very comforting to suck. Ice applied to a wound 
that is bleeding freely xhay staun^ the blood fiow. 
An ioe-bitf is prepare by filling a b^ with pieces 
of Ice, and suspending it over tte patient by means 
of a bed-oradle. The entire weight of the hag should 
not rest on the patient ; part of it only riiould rest 
against the heaa or limb, as ordered. Tho ioe^must 
be renewed from time to time as it soon melts. 

Sometimes the iob is placed in pafis-^small ones, 
such as ohildreii use at the seaside— whibh are 



•HBpcaiided from a cradle over the patient. The cradle 
^ n eow^ with a sheet and left open at each end, so 
that a stream of ioe-cold air passes oxer the patient 
The patient should be dresM in a flannel night- 
shirt^ and his feet placed against a hot- water bottle. 

Coldospongifiig. Cold-sponging is another 
means by which the tempei'atiire is reduced. The 
patient’s whole body is sponged over with water at 
the ordered temperature. The face, neck, arms and 
chest should be spcmged first ; then the abdomen 
and legs, and, l^tly, the patients back. Tlie 
sponging rdiould be steady and very gentle. Then the 
paticmt should be dried, placed in a dry nightshirt, 
and left in bed covered with a sheet only, or per- 
haps one blanket Throughout the process his feet 
should be kept warm, and he shouM be protected 
from draughts. 

InhalatiOM. Inhalations of ammonia or of 
oil of eucalyptus, or of some terebene pre];»aration is 
sometimes oraer^ A teaspoonful of the particular 
medicament is placed in a wide-mouthed jug, a pint 
or more of boiling water is poured over it, and the 
patient inhales ^he vapour which rises. He holds 
nis face over the mouth of the Jug, and waste of 
vapour is prevented by holding a towel round the 
face. 

The drugs used for the treatment of bronchitis 
are carbonate of ammonia, ipecacuanha, squills, 
and assafoetida. 

Nursing Infectious IMsenses. In in- 
fectious cases, the room chosen should be near the 
top of the house, and, if possible, no person tieside 
the nurse should use the rooms near that of the 
patient. All lumecessary furniture must be taken 
from the sick-room, and all carpets and upholstered 
furniture and thick curtains banished. Such articles 
become impregnated with the source of infection’, 
and can cmiy be disinfected with the latest diffi- 
culty. Light, washing curtains maym used, and 
the flom: covened with Indian matting. The wood- 
woiic ^ould be wiped over with a cloth dipped in 
some diluted disinfectant. ^ ^ 

Over the patient’s door a large sheet should be 
hung, wrung out in a solution of some dismfectant. 
One comer of the sheet should dip into a bowl of 
same disinfectant to make good by capillary 
attraction the liquid lost by evaporation. The value 
of this precaution is often disputed, but It does 
probably filter the air which escapes from the sick- 
room, and so protect the other members of the 
family, and it certainly acts as a danger signal 
in the shape of a warning. 

. The Nuree*e Health in Infectloue 
Dieeaeee* When nursing an in^tious case, the 
nurse should pay scrupulous att^tion to necessary 
precautions and minimise her own risk of taking the 
disease, and that of other members of the ffimily. 
She should not enter the sick-room until she has 
taken food, as she is more susceptible to infection 
when her stomach is empty. Should she cut herself 
accidentally, and notice any little wound or sore, 
she should cover it at once with adhesive plaster or 
a bandage. She should wash heir mouth nequoitly 
with a suitable disinfectant, and try to avoid 
swallowing her own saliva. She should not lean 
over her patient more than it is absolutely necessary 
in nursing the disease. Every dav she should take 
exercise in the open air, carefully changing her 
infected clothes for the purpose. 

She should sleep for seven hoiurs consecutively 
in every twentv-four, and this sleep must on no 
account be taken in the sick-room. The nurse 
must not take her meals in the sick-room, and any 

conclvded; followed 


food that is discarded bv the patient ^should be at 
once burned, as it would be a dangerous source of 
infection if eaten by otibi^. 

How to Nuroo Stoll Chlldroa. Children 
must always be watched carefullv, because they 
cannot accurately describe a pain; wd, in a child, a 
disease runs its course so rapidly Hiat it becomes 
verv important to detect its earliest stages. A 
child’s w)dy is more delicate than that of an adult, 
and disease qmckly obtains a firm hold. 

If the child seems cross and out of sorts, inclined 
to be fretful and peevish, in all probability there is 
something wrong with its health. These small 
beginnings of illness must be carefully noted and 
checked, if possible, as they may give rise to serious 
and dangerous results. 

Poioto to Oboerve. The child who is 
sickening for a disease has often a capricious apa- 
tite, and its sleep is generally disturbed. Its 
position in bed should be carefully noted, as a pre- 
monitory warning of the presence of disease is given 
by 'unusual position. For example, lying with 
knees drawn up is a sure sign of abaominal trouble. 
The child instinctively knows that bv drawing u]> 
its knees the pain is diminished, for the pressure on 
the abdomin^ organs is relieved by relaxation of 
the muscles. Again, earache or an incipient 
abscess may be indicated by the child pressing its 
head tightly to the pillow. 

. A 'dark shadow under the eves and emaciation 
of the body are also unfavoifrable symptoms ; the 
layer of subcutaneous adipose tissue which gives 
the rounded- appearance to the limbs of a healthy 
child is quickly absorbed in the early stages of a 
disease : the child’s skin becomes lo^e, wrinkled, 
and -the muscles fiabby. 

Even a healthy chud sboidd not be allowed to 
sleep with its heM under the bedclothes. The air 
in tne bed is vitiated, and laden with particles from 
the skin and breath, and with carbon dioxide front 
the lungs. Moreover, this curled-up posture is very 
bad for the dhild’s fi^re, and will undoubtedly 
result in round shoulders, and even curvature of 
the spine. 

Much patience |s,jieeded in nursing a sick child. 
Its whims must only be gratified judiciously, and 
nothing is so bad as the method bv which obmience* 
is only obtained as the result of bribes. The conduct 
of tlie child when it is ill will differ but slightly from 
its normal behaviour when well. If it has been 
taught that obedience is necessary on all occasions, 
the chief difficulty in nursing will be obviated. 

Numlnf m Nerwoua Child- An excitable 
and nervous child must be treated with special care. 
A sudden fright or shook may result in complications 
of the disease. Many childish complaints are treated 
with a preliminary warm bath, but the hot steam 
arising from it is alarming to the little patient 
In such a case, it is a good plan to spread an old 
blanket over the bath and lower the child on it into 
the water. The hot-water tap should never be 
allowed to run whilst Ihe child is in the bath ; many 
fatal accidents have resulted from the neglect of 
this simple precaution. The nurse should carefully 
ascertain that the water is at the required tempera- 
ture by testing it beforehand with the thermometer. 
The hand is an unsafe guide ; it is better to use the 
elbow if a tbermometor cannot be procured. During 
the Imth the attention of a nervous child can l^ 
distracted by sonfe floating toy, a paper boat, or 
even a leather, or an imaginative nnrse can delight 
her small patient with a fairy tale if her mind is not 
already overtaxed by her responsibility. 
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nil the varying methods of engraving a metal 
plate, none is receiving more popular atten- 
tion nowadays than the peculiarly British ah’t of 
mezzotint — that is, so far ns the productions of 
bygone engravers are concerned. The number of 
modem nractitioncrs of the method is, however, 
small, ana although some among them are no whit 
inferior in skill or taste to their predecessors, the 
vagaries of fashion are such that they receive 
but a paltry measure of support from their con- 
temporaries. Their consolation is that they are 
undoubtedly working for the benefit of future 
generations. 

This manner of engraving differs essentially from 
all others in that its jiractice entails the use 
neither of point of any kind nor of acid. The 
first essential is the laying of a ground ; but this is, 
in itself, an integral por- 
tion of the actual graving 
to be done. Again, as 
with an aquatint, the 
need is to provide the 
whole surface of the 
plate with the means of 
retaining ink ; but in 
this case it is done by 
roughening the ])latc with 
a tool. This is termed 
rockin-g. The tool used 
is of steel, somewhat re- 
scmbling a broad chisel, 
but with its cutting edge 
shaped to the segment 
of a circle [9]. The out- 
ward face of this tool is 
regularly grooved to the 
extent, as a rule, of from 
40 to 80 grooves to an 
inch. The curve is 
ground, from within, to 
an edge, which produces 
a ]>oint corresponding to 
each of the ridges be- 
tween the grooves. It — — — 

may be mounted with 
a short perpendicular 
handle, and so used, but 


for the preliminary laying of the ground, is better 
affixed at a right angle to a rocking pole, the o])|)o- 
site end of which is provided with a free slot travel- 
ling horizontally between guides fixed to a table. 

Rocking and Graving the Plate. 
The pole should be some 4 ft. long. The plate 
is held with one hand, while the tool is steadily 
and regularly rocked with the other, the motion 
causing it to pass in a straight line from one edge of 
the plate to the other, making a series of indenta- 
tions as it goes, and at the same time ploughing u}) 
the copper to form a burr. In order to make sure 
that this roughening is equally distributed, the 
plate should first bo marked out with guide lines 
for the rooker to follow, and these lines, termetl 
UHiya [ 8 ], are arranged at various intervals and 
angles, by means of a scale. About 40 ways 


give a good ground, and continual re-shar]x^ning 
of the tool is necessary during the operation. If 
the jdate were now charged with ink and printed, 
the result would be a rich, velvety black of the 
finest quality attainable by any process of engraving. 

The picture is product by scraping away this 
ground with a broad-bladed double-edged Bcra]H'r, 
terminating in a point [lOJ. It becomes necessary, 
however, at this stage, to bear well in mind what 
has lieen done to the plate. Highly magnified, the 
copper would present, in section, a series not only 
of elevations, but of depressions. The mere cutting 
away of the burr to the original level of the plate 
would produce, when printed, only a middle tint, 
as compared with the full depth of blackness given 
by the undisturbed ground. To obtain the highest 
lights, the hollows must also be cleared out, otherwise 
they would hold a con- 
siderable quantity of ink 
and print effectively. 
Between these two ex- 
tremes of untouched burr 
and cleaned out indenta- 
tions lie the )) 08 sibilities 
of obtaining every shade 
and delicacy of tone in 
the whole gamut of 
monochrome. 

The Charm of the 
Mexxotint. It will 
have been gathered from 
this description that line 
does not exist in pure 
mezzotint. Herein is one 
of the gre.at difficulties of 
the art — that of obtain- 
ing adequate definition 
of form. At the same 
time, the universal soft- 
ness necessitated by the 
process constitutes per- 
liaym one of its most 
alluring charms. 

It is usual in prac- 
tice to transfer the out- 
lines of the picture to 
lie engraved by means of 
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gelatin* after the ground is laid. The work then 
proceeds from dark to light — care being taken to 
remove the gi'ound gradually — keeping, so to speak, 
on the safe side until success is assured. The ink 
used is much the same as that used for an etching 
or aquatint. It must be thoroughly worked into the 
whole of the plate, and the superfluous ink then 
wi})ed off, particular attention being paid to the 
clearing of the high lights. 

From the time of its invention, by Ludwig von 
Siegen (whose first plate was made in August, 
1842), until the early part of the nineteenth 
century copi>er alone was used for mezzotint 
engraving, in 1820, W. Say produced a portrait of 
Queen Caroline, engraved on steel, and in 1823 
the use of this material was perfected by T. Lupton, 
and for some time it had a considerable vogue. 
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But it waB never quite eatisfactory. The burr waa 
slighter, the indentations shallower, and it was 
much more laborious to work; while the dead 
blaok ink and white paper used, lent themselves only 
to a limited range of effects, seen at their best in 
the engravings of David Lucas, after Constable. 
Moreover, the number of possible impressions was 
soon found to be little more than could be procured 
from copper, and since the modem process of steel- 
ing plates has been perfected there remains no 
good reason for the use of steel. 

Combinations with Pure Messotint. 
So far wo have treated only of pure mezzotint — 
that is, this method used by itself in the engraving 
of a plate. But the labour involved therein was so 
great that the process had hardly attained its full 
development before other - 

methods began to be used 
in combination with it, 
for the purpose, not only 
of saving trouble, but of 
avoiding the difficulty of 
defining outlines already 
alluded to. R. Earloin 
was one of the first artists 
to give attention to this 
endeavour: he frequently 
employed sti]qdc etching, 
both as a groundwoHs 
and in order to elaborate 
his detail. In the “ Liber 
Studiorum ” (1807-1819) 

J. M.W. Turner employed 
generally a combination 
of etching and mezzotint, 
using the first process to 
bite* in the strong lines 
of his cora]K)sitioh before 
handing over the plates 
to be completed by mez- 
zotint engravers. In the 
hands of Samuel Cousins, 
what is called mixed 
mezzotint was pushed to 
its utmost liihfts. ' He 
and his contemjwraries 
made use of a heavy 
roulette as well us of 
special rocking tools, to 
work up the steel, and 
also us^ stipple etching 
and even aquatint. But 
these practiefes do not 
add to the real artistic 
merit of an engraving, 
and it is significant that 
they were but the prelude to an almost complete 
decay of the art. In otir own day the art of pure 
mez^wtint is experiencing a certain revival. The 
student should study the works of Valentine Green 
111], J. R. Smith, J. and W. Ward, and J. Mac- 
Ardell. 

Steel-facing- The printing powers of etched 
or mezzotinted copper-plates are very limited. *The 
former class may ]>roduce 200 or 300 good impres- 
sions. but the latter (and the same applies :to*’dry- 
)>oint) cannot be relied upon to give more rthan 
from 30 to 100 prints of the best quality, .owing 
to the rapid wearing away of the :B6ft hietal in the 
press. An attempt was made, as we have seen, to 
overcome this difficulty by the Substitution of steel 
for copper, but without success. During the last 
two decades science has come to the rescue, and 
has provided a means whereby the actual engraving 
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11 . OBOBG1A17A, DUCHESS OF WBSTHIHSTEB 
From a raeZrotint by V. Green after Sir Joshua Beynolds, 1780 


having been done upon copper, and full advantage 
faken of its unriyalled adaptability to this pur- 
pose, it may be invested with the durability of steel. 
The following concise description of the process (by 
Mr. Frank Short, A.R. A.) te taken from a pamphlet 
published by the Board of Tlducation for Use in 
connection with the Victoria and Albert Museum, 
and may be accepted os authoritative : 

“ Gopper-plates when ready for printing ore often 
covert with an exceedingly thin facing of steel 
(or iron) by suspending them in an iron solution 
and passing an electric current through it. ^ The 
copper is covered, ’almost instantaneously, with a 
coating of hard, bright iron. From three to twenty 
minutes may be needed to obtain a sufficient thick- 
ness of iron, according to the })late and the current 
employed. Many solu- 
tions containing iron may 
be used, but the simplest 
methckl is to fill the tank 
with water, in each gallon 
of which is dissdlved 1 lb. 
of sal ammoniac. A large 
iron or steel plate (the 
anode) is then placed 
permanently in it and 
attached to the positive 
pole of a battery (or 
other electric current), 
and a small piece of steel 
(generally an old file) is 
temporarily suspended 
opposite to it attached 
to the negative pole, until 
the bath becomes suffici- 
ently full of iron to cause 
a deposit on a copper- 
plate when placed in it. 

“The plate to be steel- 
faced is suspended by a 
strip of copper, soldered 
temporarily to the back, 
which serves both as a 
support to the plate and 
to complete the circuit of 
the electric current by 
contact with a brass rod 
connected to the negative 
pole of the battery. The 
quantity of current pas- 
sing must be proportion- 
ate to the siuface of the 
plate to be steel-faced, 
and its intensity 
vary from IJ volts 
volts. It is essential that 
the copper should be chemically clean before it is 
put in the bath, and it is necessary to remove it 
from the bath every few minutes to wash and gently 
polish the surface with a paste of fine whiting 
and water applied with a fiannel, in order to keep 
the coating clear and bright. 

“ The steel-facing can be easily removed when 
desired by placing the plate in a mixture of nitric 
acid and water (1 acid to 7 water), which instantly 
dissolves the steel, leaving the copper untouched.” 

A good many wild statements have been made as 
to the effect of this process, and these need to be 
corrected. In the first place, it not only does not 
result in any loss of quality in the print, but it is 
impossible for the most accomplished expert to 
decide, from an inspection of proofs, whether they 
have been taken before or after the plate was steel- 
faced. Secondly, it does not prolong the life of the 
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12. ('HRIST BEFORE HEROD 
Woodcut by A. Dilrer, 1509 

plate to the cxcnt that has been claimed. It only 
make.s it poHsible to produce some few hundred 
impressions — not thousands— of the best kind. 

Wood Engraving. The old and beautiful 
art which made use of wood ns a material for the 
printing of the artist’s design has almost vani.shed 
under the stress of the competition set up by modern 
photographic processes. But it is so simple, and 
eajiable of effects so fine and characteristic, that 
many ho]K) for its revival. 

At the outset we have to indicate an essential 
difference l>etwecn the wood block and that made of 
metal. In the former the printing is done by the 
upper surface of the block, exactly as with type. 
The process is, in fact, relief printing^ ns opposed 
to the intaglio printing of the metal plate, in which 
the paper is forced by great pressure into hollows 
excavated in the metal. As n consequence, wood 
blocks can be inserted in type without difficulty, 
and the paper shows no sign of that depression which 
is known as the plate-mark. 

The Durer Wood-cutting School. There 
are two methods of using wood for engraving. 
That employed by the great school of Albert Diirer 
( 12], and for many years afterwards, was executed 
upon blocks cut plankwise — that is, parallel with 
the grain. A wood of comparative softness, such 
as that of the pear-tree, was chosen. The drawing 
having been made or traced upon the smooth sur- 
face, the lines thereof were outlined with a knife» 
and the superfluous wood cut away with convenient 
tools, so as to leave the design intact. To this 
method it has been found convenient to restrict the 
term “ wood-cutting.” It is, in all essentials, that 
employed by the Japanese in their exquisite colour 
prints, and ny many modem artists. 

The BewIcK Wood-engraving School. 

At the end of the eighteenth century it was found that 
boxwood, from its extreme hardness and closeness 
of grain, was especially suitable for a use to which 
the term “wood-engraving” is well apifiied [13 J. 


The blocks were cut, not with the grain, but 
aoross it. The drawing was made upon the block, 
on a surface prepared for the purpose with Chinese 
white, and the engraving execute with burins of 
several sizes, practically the same as those employed 
by the line engraver on metal. It will be evident 
that the driving of the burin through the wood 
produces a white line, the ink being held* by those 
portions of the block untouched by the tool ; and 
this fact was made use of by Bewick and the best 
of the nineteentK century wood-engravers to pro- 
duce their effects. Prints by these artists will be 
seen, on close examination, to consist of a series of 
white lines or dots, each made with deliberate 
purpose of expressing drawing. But the burin was 
also used for facsimile engraving, with a result 
similar to that of the knife, developing in this respect 
into a laborious reproduction of the exact lines of 
the artist’s work, as compared with the individual 
translation of it secured by the white-line method. 

The student should refer to the work of Bewick 
as exemplifying the latter ; that of Charles Keene 
in “ Pimch ” is an admirable exjK>sition of the 
former. Millais and Keene, indeed, largely used 
the free line, but most of the other artists of that 
•splendid epoch of book illustration niade their 
drawings in wash or closely stippled pen drawing, 
leaving to the engraver a considerable latitude in 
the interpretation of tone. This he did by 
“ cross-hatching ” — picking out the spaces l)etween 
the inter-sections of crossed lines : and to 
the general adoption of this mechanical device 
much of the inferiority of modem work is due. 

Continued 
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Front a wood-engraving hy Dalziel Bros, after Sandys 
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CORLISS AND MARINE ENGINES 

Corliss Valves. Examples of Engines. Cylinders. Marine 
Engines. Examples. Details. Leading Dimensions 
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By JOSEPH G. HORNER 


^ORLISS engines, deriving their name from that 
of the American, George H. Corliss, their in- 
ventor, have been modified in many ways by 
engineers in England and on the Continent. Their 
valves were a groat advance on the old slide valves 
when engines of large dimensions were concerned, 
and have enjoyed an immense amount of success. 
But it is at least doubtful if thev will not in time 
be superseded by the engines with drop valves and 
with piston valves. The general outlinea of a 
Corliss engine are seen in S8, which shows a pair of 
compound horizontal mil! engines, of 1,800 indicated 
horse-power, by Wood Bros., of Sowerby Bridge. 
The engines are used for mill driving, the fly-wheel 
being grooved for cotton ro]ies, sets of which drive 
to different rooms in th“ factory. 

The special feature of the Corliss engines is the 
shape and disjiosition of the valves. They are long 
valves, cylindrical in section where they fit their 
Keatings, and their motion is only that of partial 
rotation. Figures 59 and 60 show the steam and 
exhaust valve** respectively for 58. They admit 
steam through passages nearly ns long ns the 
diameter of the cylinder. The passages for steam and 
for exhaust are distinct and separate, one for steam, 
and one for exhaust, at each end of the cylinder. 

The details of operation, however varied, have 
two features in common: either a wriV pLate^ or 
its equivalent in lever arrangements, with dash 
pots, and pistons, or springs. Th^ first imparts 
the partial rotary movement to the valves ; the 
second close the valves sharply immediately 
following release, by detents. 


The gradual opening and closing of the common 
slide valve is not an ideal arrangement. The rapid 
and full opening to steam and to exhaust, and sharp 
closing of the same in the Corliss valves are more 
economical, preventing both excessive wire drawing 
and back pressure, and avoiding excessive clearance. 
The valves are simpler than balanced slide valves 
are, and work with less absorption of energy. 

Robey Engine. Figure 61 illustrates a 
Corliss engine by Robey k. Co., Ltd., in external 
elevation and plan, from which a good idea can he 
gathered of the design which is most commonly 
adopted —that of a wrist plate. 

The valve gear is worked primarily from the 
eccentric A. Its rod oscillates a lever B, which is 
pivoted at so imparting a to-and-fro movement 
to the rod above, which rocks the wrist plate thus 
through an arc of a circle on its pin. Pivoted to 
this juate with pins are levers EE, which actuate 
the steam supply valves, and the levers FF that 
o})erate the exhaust valves. The valve stems of 
the steam valves are seen at cc, in the plan view, 
within their bonnets. The function of the wrist 
plate is to impart a fixed amount of movement to 
the valve spindles. But this movement is arrested, 
or tripped, at a certain stage, corresponding with the 
moment of cut-off, at which instant the steam valves 
are sharply closed by a piston in the dash pot G. 
The governor J acts on the steam valves though 
the rod K. The trip levers dd effect the connection 
of the valves by the notch in d fitting over the 
catch c, and the release by the arm of the lever 
coming in contact with the projection /. 

The designing of 
the details of Corliss 
valve gears involves 
much graphic con- 
struction, supple- 
mented by trials. The 
different types are 
known by different 
names, besides which 
manufacturers have 
introduced many 
minor alterations. 

C y 1 i nd e rs • 
Figjire 62 shows the 
cylinder of the Robey 
engine in longitudinal 
and transverse sec- 
tions, which is an 
excellent illustration 
of the way in which a 
large cylinder is built 
up. AA and BB are 
the seatings for the 
steam and exhaust 
valves. The cylinder 
is built up of the plain 
body C, the ends DD 
containing the seat- 
ings, and ntting to the 
b<My with flanges, E 
is the back cover, and 



58. CX)MPOXJKD COBUSS COKDSKSIBQ ENOiysS — ^1800 U.P. (Wood Broa) 
6202 


PRIMB MOVBRS 


F the hard liner, between which and the body 1b 
the jacketed space. The bore is 20 in., and the 
distance between covers 4 ft. Ilf in., the stroke of 
the engine being 
40 in. 

Another cylinder 
is shown in 68 by the 
firm of H. Bollinckx, 
of Brussels, who 
make a speciality of 
these engines. The 
steam and exhaust 
sealings are cast 
partly in the end 
covers A, B, and 
partly in the jacket 
C at one end, and 
partly in the body 1) 
at the other end. 

The fitting of the 
body and jacket will 
be noted. At the 
end a there is a 
rigid connection be- 
tween the two by a 
flange and bolts at 
the other 
end, 6, the 
parts are 
free to slide 
under vary- 
ing expan- 
sions with 
differ- 
ences of 

temperature. The end covers are jacketed con- 
nections being made as seen between the covers 
and the body jacket. 

Fleming Engine. A s|>ecial tyi>e of Fleming 
Corliss engine by the Harrisburg Co. is shown in 
longitudinal section in 64 . It embodies a depar- 
ture from long- established practice. Hitherto, 
Corliss engines have mostly been of long-stroke 
design. This is of short-stroke tyiK*, following in 
this respect designs of vortical high-speed engines. 

Tlie engine is a tandem coinyKmnd, and both 
cylinders are fitted with Corliss valves. Two 
eccentrics are jirovided. One actuates the two 
steam admission valves, the other the two exhaust 
valves. The motion of the valves is transmitted 
tlirough bell cranks and indef>endent rocker arms. 
The bell cranks arc coupled together with adjustable 
links. To the short arms of the bell cranks a link 
is attached, which transmits their movements to 
a valve arm seemed to the projecting valve and 
stem (not indicated). The effect is that the 
valves have an accelerntetl rate of movement at 
the points of o|)ening and closure. The exhaust 
valve arms are connected with a common link. 


Marine Engines. The term marine engine 
is too vague to convey much beyond a general idea 
of the tyx)e. It is now used always in the case 

of ocean- 
going 
steamers 
to denote 
the in- 
verted 
cylinder 
type. But 
the com- 
j)onnd en- 
gines of a 
yacht have 
little more 
than this 
in common 
with the 
engines of 
a liner or a 
battleship. 

A triple 
exp ansion 
marine en- 


61 . CORLISS ENGINE 

(Robey & Co., Ltd.) (20 in. by 40 in.) Works 

o f W^ m . 

Doxford & Sons, Ltd., Sunderland, is illustra- 
ted ; 65 and 66 are general external views. The 
positions of the low-pressure, intermediate, and 
high-pressure cylinders are indicated by A, B, 
and C. respectively. They are carried on cast- 
iron frames DDD, w'hich are supported by the 
base plate E. The frames D have 8lip])er faces 
formed for the crossheads F, whence the connecting 
rods G drive to the crank shaft H, w'hich ha.s its 
bearings in the base plate E. The eccentric rods 
J, K. L actuate the valves for the low, intermediate, 
and high pressure cylinders respeotively. The first 
two are double-ported slide valves. The last is a 
piston valve. The rods and eccentrics are duplicated 
for reversals for driving ahead or astern. The 
shifting links are indicated at M, the drag links at 
N, and the weigh shaft at O. Tlie mass of these is 
so great that a simple hand lever would be useless. 
A hand wheel P and w'orm gear Q therefore o]>crate 
the weigh shaft through the rod R and its lever. 

The surface condenser S is built into the standard 
framings, with economy of space. The air and 
circulating pumps indicated at T are bolted to it, 
and their piston rods are actuated by the connecting 
rods U and levers V from the crosshead of the low- 
pressure cylinder by the pin W and connections 
XX ; at Y is seen the turning gear for giving the 
engines initial movement. At Z is a starting 
engine, driving to a crank for effecting reversal 
for ^head and astern movements, and being 



gine by the 
Pallion Eii- 




8TBAM AND EXHAUST VALVES OF 
CORLISS ENGINE 


62 . TRANSVERSE AND LONGITUDINAL SECTIONS OF 
CORLISS CYUNDEB 
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cylinder M, “ Fleming ” CorliM engine 65. Front elevation of triple expansion marine engine 
(wm. Doxford & Sons, Ltd.) 66. End elevation of eiudne 67. Piston and cover of low*pres8ure cylinder 
68. Piston rr)d and erossnead of marine engine 
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69 ECCENTRIC ROD 
AND UNK OF MARINE 
ENGINE 
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70. REVERSING LINKS OF MARINE ENGINE 


, 1 1 ! Ill auxiliary to the hand j'ear P, Q, R. 

The numerous small handles and 
levers are for passing live steam 
into the cylinders to warm them 
up, and for oj>erating drain cocks, etc. These are 
usu.ally located close to the reversing hand wheel 
and engine. From this general description we may 
pass to consider some of the principal details, which, 
however, can be only partially illustrated in a 
portion of an article, owing to the enormous amount 
of items in such an engine. 

Details. The three cylinders are cast separ- 
ately, and bolted together by flanges. The/ 
measure respectively 27.^ in., 451 in., and 75 in. in 
diameter; and the piston stroke is 4 ft. fl in. The 
high-pressure only is fitted with a liner. The casing 
for the piston valve is cast with this cylinder. The 
valve cheats for the double-ported valves of the 
intermediate and low-pressure cylinders are formed 
in their castings. Feet are cast on each cylinder for 
bolting it to its A standards. The exhaust pipe, AA, 


to the condenser is bolted to 
cylinder. In these large en- 
gines the valves, pistons and 
covers are massive ribbed 
castings, very different from 
those in the smaller engines 
we have hitherto illustrated. 
Figure 67 shows the piston and 
cover of the low pressure 
cylinder. Covers and pistons 
are hollow, to ensure rigidity 
and strength without exces- 
sive weight, for the pressure 
on pistons and covers amounts 
to many tons. Junk rings 
and spring rings are fitted to 
the pistons. Lifting screws 
are fitted to enable the crane 
to lift covers and rings out for 
examination and repairs. 

The piston rods [ 68 ] measure } 
7J in. diameter, and the cross- ! 
heads are 2 ft. 4 in. in length, 
by 1 ft. 5 in. in width. White [• 
metal facings are used. Dc- ^ 
tails of the valve gears are 
shown in 69 to 71. In 69 




(he low-pressure 




72. MAIN BEARING IN SOLEPLATE OF 
MARINE ENGINE 



M is the link, similarly lettered I jj 'J ; 

in 65 and 66; A is the sliding pS— , 

block which is embraced by 1 I ' ! • 

the end of the valve rod [71] ; 

J, K, L are the eccentric rods ; I 

NN the drag or reversing ! j ’ | J 1 

links; oompare with65and 66. - li 

The enormous dead weight [jV i / [ L\ 

of the reciprocating masses is I 

largely eounterbaianced by dl 

the three-cylinder arrange- 
ment, in which the cranks are VALVE ROD OF 
set 120° apart. The crank marine engine 
shaft, which is 1 ft. 3 in. 
in diameter, is built up in the maimer shown in 73. 
lengths of shaft with flanges are coupled and bolted 
as seen in the detail at A. The crank webs, B, are 
fitted over the opposite ends, and over the crank 
pins. These are shrunk fits in the first place — that is, 
the parts are turned and bored with a slight excess 
in size of the turned portion, and the webs are then 
warmed, slipped over, and tighten in cooling. 

Turned keys are afterwards 
^ inserted to prevent possible 

loosening in working. 

'X rv t— The frames or columns DD 

[65] are massive hollow cast- 

P N;. V ' ■}', in^, though having a quite 

fJ *** solid appearance from the 

\ outside. Suitable facings are 

K ^ provided on them for the re- 

coption of the cylinders, and 
J feet for the bedplate, and 

I manholes. The bedplate, or 

j soleplate, E, is a hollow cast- 

I ' ing in one piece, and having 

! the shaft bearings, six in 

J number, cast with it, shown 

in detail in 72, to receive the 
i I frames. 

* -jji ' condenser, S [ 65 and 66 1. 

I is shown separately in 74 along 

r ) with the columns with which 

j * ( it is cast. The circulating 

tubes are inserted by ferruling 
plates bolted 
within the main casting. The 
' dist^inee between the tube 

]dates is 14 ft. There are 
[N SOLEPLATE OF 1 .868 tubes, f in. diameter out- 
NGINE side, giving a cooling surface of 


{O' 

.-fe; 
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74. CONDENSER OF MARINE ENGINE 


5,754 square ft. The nietiiod of fastening the tubes 
is shown in 75. 

Examples of Engines. The engines of a 
big liner arc of immense pro])ortions. Taking those 
of the Kaiser Wilhelm II., there are four sets 
of these, each complete in itself, each comprising a 
quadruple expansion set. Two sets drive one screw 
shaft. Each set is fitted in a watertight compartment. 
A peculiarity is that the high-pfessure cylinder is 
placed tandem above the intermediate cylinder. 
The diameters are ns follow's : High- 
pressure, 050 mni. (37 *40 in. ) ; first inter 
mediate 1,250 mm. (49*21 in.) ; second 
intermediate 1,900 mm. (74*80 in.) ; low- 
pressure 2,8.50 mm. (112*21 in ). The 
common stroke is 1,800 mm, (70*80 in,). 

The ratio of cylinders is 1, 1*73, 4*9. 

Each engine set has its owm condenser, 
with 11,733 square ft. of cooling surface, 
twin air pump, circulating pump, feed 
pump, and feed heaters and various pumps. So 
immense is the installation that the steam cylinders 
in the vessel total to about 140. 

Engines of Battleships. The engines 
of the Japanese battleship Katori, built and 
engined by Messrs. Vickers, Sons & Maxim, Ltd., 
consist of four cylinder triple expansion engines, 
of which there arc two sets. Each set has one high- 
p.-’cssure cylinder, 35 in. in diameter, one inter- 
mediate of 50 in., and two low-pressure cylinders, 
cac-h of 03 in. diameter, with a 48dn. stroke. The 
engines work at 200 lb. initial pi*eseure, the boiler 
I>re88urc being 230 lb. The valves on the high- 
]ires8ure and intermediate cylinders are of piston 
type, those on the low-pressure are double-'^rted 
fiat valves. The condenser has a total cooling 
surface of 17,000 square ft. 

The following relates to the engines of the 
armoured cniiser Duke of Edinburgh. Incident- 


ally, these are of interest bpcan.se these, with those of 
six .similar cruisers of which the Admir«’vicy sanctioneil 
the building, have their six sets of engines made 
to standardised gauges, tempMa, and jigs. These 
engines were designed to develop 23,600-horse power, 
giving a si)eed of 22*33 knots. Steam is used at 
205 lb. pressure when at the main regulating valve. 
At this pressure the engines make 135 revolutions 
per minute, equivalent to a ))iston 8j>eod of 945 ft. 
per minute. The eylinders are ranged thus: The 
high - pressiire has one low-pressure 
adjacent. On the other side is the 
intermediate pressure cylinder, and 
beyond that the second low-pressure 
cylinder. These four cylinders con- 
stitute a set, and two such sets are 
placed in separate watertight compart- 
ments on opposite sides of the vessel. 
The diameter of the high-pressure 
cylinder is 43i in., that of the inter- 
mediate 69 in., and the two low-pressure cylinders 
are 77 in. in diameter. The stroke is 42 in. To facili- 
tate balancing, the combined horse-power of the two 
low-pressure cylinders is equal to that of the high- 
pressure, and "of the intermediate nressure cylinder 
separately. In these engines all tne cylinders are 
steam jacketed. The liners for the high-pressure 
and intermediate are of forged steel, but tnose for 
the low-pressure cylinders are of oast iron. Cast 
steel is used for pistons, and cylinder covers. The 
high-pressure cylinder is fitted with one piston valve, 
the intermediate cylinders with two. Flat slide 
valves are used for the low-pressure cylinders with 
relief wings at the back. Starting valves are provided 
to admit steam directly to the intermediate and 
low-pressure cylinders. The condensers serve for 
the main and auxiliary engines. There are two in 
each engine-room, each with a cooling surface of 
7,009 square ft 
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SHORT DICTIONARY OF PRIME MOVERS & STEAM BOILERS 


AOTUAL HORM-rOWmi— HoTfe- 

power obtained by the indicator, 
minus the power absorbed by the 
engine friction. 

Adhesion — Specifically, the measure of 
the weight resting on the wheels of 
locomotives. 

Air Pump— A pump employed in all 
condensing engines for removing the 
mixed air add water from the con- 
denser. 

Asbestos — A fibrous mineral, which, 
owing to its heat-resisting character, 
is prepared for use in engine packings 
and Joints. 

Atmospheric Engine— An early type, 
in which the pressure of the air moved 
the piston downwards against a 
partial vacuum. 

Atmospheric Line— The line on an 
indicator diagram which divides the 
steam area from that of vacuum. 

BACK PRiaSURC— Pressure op- 
posed to the movement of the piston 
in a cylinder, due to steam not wholly 
exhausted. 

Balloon Boiler, or Haystack Boiler— 
An obsolete form, of a dome shape, 
externally fired. 

Barring Engine— A small engine used 
for starting a very large engine. 

Beam Engine— A vertical engine hav- 
ing the piston-rod operating one end 
of a pivoted beam, and the connect- 
ing rod at the other. 

Bed Plate — The base, usually a cast- 
ing. which carries all the mechanism 
of an engine. 

Blast Pipe — In a loco, boiler, the pipe 
througn which the steam exhausts 
into the cliimney, so creating a sharp 
draught in the fire-box. 

Blow-off— The periodical discharge of 
steam, water, and sediment from a 
boiler. 

Boilers— Tlie steam generators for 
engines. Internal combustion en- 
gines require no boilers. 

Brake Horse-power— Horse-power as 
measured by a friction brake. 

CALORIE — The Prench unit of heat, 
or that which will raise 1 kilo, of 
water through 1® C. between the 
temperatures of 0® C. and 1® C. 

Carnot's Principle— Postulates the 
law that the work done by a heat 
engine is wholly a ciuestion of tem- 
perature. 

Central Valve Engine— An engine in 
wldch the distribution of steam is 
effected by openings in the piston- 
rods. 

Cheval-Vapeur— French horse-power, 
or 4,500 kilogrammes lifted 1 metre 
high per minute, equals 0*9663 
English horse-power. 

Chimney — The function of a chimney 
. is to produce a draught in the fur- 
naces and flues of a boiler. It acts 
by virtue of the difference in the 
specific gra\itle8 of the hot air 
within and the cold air without. 

Circulating Pump— A pump which 
forces the cooling water tlirough the 
tubes of surface condensers. 

Clark's Process— The best known 

{ irocets for softening the feed-water 
or boilers by the addition of lime 
thereto. 

Clearance — The space left between the 
face of a piston at the termination 
of its stroke and the inner face of 
the cover, to prevent actual contact. 
Freedom to exhaust in an engine 
cylinder. 

Clinkarlng — Cleaning the grate bars 
of boilers periodically. 

Closed Air^t— Signifies that the 
ashpit alone receives air under 
pressure. 

Closed Stokehold— The stokehold en- 
closing the boiler front of a marine 
engine whioli receives the supplies 
of air through fans only. 


Cold-water Test— The hydraulic pres- 
sure test applied to steam boilers with 
cold water. 

Compound Engine — An engine having 
two or more cylinders in n^ch steam 
works expansively in succession. 

Condenser — The vessel in which the 
exhaust steam from an engine or 
engines is condensed to water. 

Condensing Engine— One in which 
the exhaust steam goes into a con- 
denser instead of into the atmo- 
sphere. 

Connecting Rod — The rod which con- 
nects the piston and its cross head to 
the crank of the flywheel shaft. 

Corliss Engine — One in which sepa- 
rate valves are used for the entering 
and exhausting steam. 

Cornish Boiler— A horizontal boiler 
with a single furnace flue. 

Cornish Engine— A special type of 
beam engine, used first in the Cornisli 
mines. 

Corrugated Furnace— A type of 
boiler furnace which is stiffened 
against collapse by alternating ridges 
and depressions. 

Crank-pin — The pivot on which the 
free end of the connecting rod takes 
its bearing, being the end opposite 
to the crank shaft. 

Cushioning — The elastic counter-pres- 
sure against a piston, bringing it to 
rest by the steam admitted through 
the gening to lead. 

Cut-Off— Arresting the aupply of steam 
to the interior of a cylinder. 

Cut - off Valve — A supplementary 
slide valve on the back of a main 
valve for working steam at high 
expansion. 

Cylinder — Specifically the vessel in 
which the movements of an engine 
piston are coerced. 


by the relative quantities of waiter 
wnich they will evaporate. 

Exhaust Steam— The waste steam 
from an engine cylinder. 

Expansive Working— A definite 

volume of steam or gas doing work 
on a piston by the force of its own 
expansion. 

External Firing — The application of 
heat outside a holier shell. Now 
obsolete. 

PEED PUMP — The pump which 
supplies feed-water to boilers. 

Feed-water Heater — A type of econo- 
miser in which the feed is heated 
before being passed into the boiler. 

Ferrules — Rings used for fastening 
the tubes of boilers and condensers 
into their plates. 

Final Pressure— The pressure of steam 
in a cylinder in the last stage of its 
expansion. 

Fire-bars — The grate bars in a boiler 
furnace. 

Fire-box — Tlie furnace of a locomotive 
or a vertical boiler. 

Forced Draught — Air for combustion 
in steam boilers which is introduced 
under pressure by fans. 

Furnace Flues — The furnaces of hori- 
zontal boilers, placed within the shell. 

Fusible Plug — A plug of easily fusible 
alloy, inserted in the top of a boiler 
furnace, which melts and lets the 
water out if the water runs danger- 
ously low. 


DAMPERS — Sliding, or swivelling 
plates w’hich regulate the draught 
through boiler flues. 

Dead Centres — When the axis of the 
piston-rod, the crank-pin, and the 
crank-shaft are in one plane the 
engine is on dead centres. 

Dead-weight Safety Valve— One in 
which the loading is done directly by 
the imposition of annular w’eights. 

Double Acting — Expresses the case of 
pistons which are subjected to pres- 
sure on opposite sides alternately. 

Dry Steam — Steam which is only 
saturated with moisture by contact 
with the water from which it is 
generated. 

Duty — The duty of an ensfine is the 
number of foot pounds obtained by 
the burning of a oushol of good coal. 
The term is nearly obsolete. 

D-valve — The form of slide valve which 
has a section nearly like that of the 
letter D- 

Dynamometer— A mechanism by 
which the power given off or absorbed 
by a prime mover or machine is 
measured. 

EOOENTRIO — ^The agent by wliich 
the rotary motion of the crank is 
converted into the reciprocating 
movement of the slide valve. 

Eccentric Sheave— The body of an 
eccentric, keyed on the crank-shaft. 

Eccentric Straps — The bands which 
encircle the sheave, and transmit 
Its motion to the eccentric rods and 
slide valve. 

Economiser — A nest of pipes in which 
the feed-water for boilers is heated 
b> the waste gases from the boiler. 

Elastic Force — The expansive, or heat 
energy of a gas. 

Enolosed-type Engine— Stationary 
engines having the working parts 
wholly enclosed, and running in an 
oil bath. 

Evaporative Power— It is usual to 
estimate the value of different fuels 


BNQINB — Any engine using 
gas, which may be town, or producer, 
or blast-fumacc gas. 

Gaskets — Packings of hemp rope used 
in stuffing boxes. 

Gauges — Instruments for indicating 
pressure of steam, and vacuum, and 
water levels. 

Governor — A device w’liich automatic- 
ally reduces variations in speeds of 
prime movers. 

Grate Area — The superficial area of 
the fire-grate of a boiler. 

Guides — Flat bars, or cylindrical tubes 
by which the movements of the 
crosshead are coerced. 

HEAT ENQINE— Any prime mover 
which is actuated by heat contained 
in a gaseous fluid. 

Heating Surface — The area of a stoam 
boiler which is exposed to flame and 
hot gases on one side and water on 
the other. 

High-pressure Engine — Any engine 
which uses steam at a pressure 
higher than the ordinary at a given 
period. The high pressures of a few 
years ago would not be classed as 
such now. 

High-speed Engine— One which has a 
high rotative or a high piston speed 
in comparison with ordinary engines. 
The term is therefore relative. 
Horse-power, or H.P.— 33,ooo ib. 
lifted 1 ft. high per minute. 

Hot-air Engine — One in which atmo- 
spheric air is used, which is alter- 
nately heated and cooled. 

Hot-water Test — The hydraulic pres- 
sure test applied with hot water 
to steam boilers. 

Hydraulic Engine— One. the motive- 
power of which is water under high 
pressure. 

INDICATED HORSE-ROWER, or 
I.H.P. — The horse-power of an 
engine obtained by an indicator. 

Indicator — An instrument for record- 
ing on a card the varying pressures 
of steam in a cylinder. 

Indicator Diagram — The diagram 
traced by an mdicator. 

Induced Draught— Boiler draught 
induced by a fan placed in or near 
the chimney in the course of the 
flues. 
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Induction Port — The opening of the 
passage through which steam is 
admitted to a cylinder. 

Isrnition — The act of firing the charge 
in the cylinder of a gas engine. 
Injector— A device for supplying feed- 
water t<i a boiler. 

Internally Fired Boiler— One which 
has its furnace within the shell or 
water casing. 

JACKKTINQ — Surrounding an engine 
cylinder with a chamber supplied 
with steam. 

LANCASHIRE BOILER — A two- 
Sued horizontal land boiler. 

Lap — The distance by which the edges 
of a slide valve w’hen in middle 
travel overlaps the induction porta. 
Latent Heat — The heat which dis- 
appears during the vaporisation or 
the fusion of a substance, without 
raising the temperature. 

Lead — The distance by which the edge 
of a slide valve opens the exhaust 
port at the termination of the pish)n 
stroke. 

Liner — The lining tube of hard metal 
fitted w'ithin many engine cylinders. 
Link Motion — The arrangements of 
slot link, eccentrics, and rods used 
for actuating the movements of slide 
valves. 

Live Steam — Steam as it comes from 
the boiler. 

Lubricators — Vessels wdiich contain 
liquid or solid lubricants for the 
supply' of bearings. 

MAIN BEARINGS— The bearings of 
the crank shafts of engines. 

Mean Pressure — The average of the 
entire range of steam pressures in a 
cylinder from the moment of inlet 
to that of final exhaust. 

Metallic Packlngrs— The steam-tiglit 
joints made in stuifliig boxes witli 
elastic rings of metal. 

NEWCOMEN’S ENGINE— The pat- 
tern on which the early steam engines 
were built. It was operated by 
atmospheric pressure. 

Nominal Horse - power (N.H.P.)— A 
commercial term, a survival of an 
early practice, of little value under 
changed conditions. 

Notchingr-up— In link motions, pulling 
the link nearer to the centre, with 
resulting earlier cut-off and higher 
expansion. 

OSCILLATING ENGINE— A nearly 
obsolete type, in which the oscillation 
of the cylinder was made to operate 
the slide valves. 

PACKINGS — Materials used in stuffing 
boxes for rendering piston and valve 
rods steam-tiglit in their holes. 
Piston Speed — Tiie speed of movement 
of a piston measured in feet per 
minute. 

UetAvi VaiwA — A aliilinrr valvp whirh 

oi cynnaricai secuon. 

Prime Mover— A machine which 
the forces of Nature for the 

nf man. 

of particles of 


QUADRUPLE EXPANSION BN- 
GINE — One in which the steam is 
expanded through four successive 
cylinders before exhausting to the 
condenser. 

RECEIVER— The steam chest, pipe, 
or special vessel through which steam 
passes from one cylinder to the next 
m comi^und engines. 

Heturn Tube Boiler— The marine, or 
Scotcli boiler, in which the smoke 
tubes return over the top of tlie 
furnace to the front of the boiler. 

Reversing Rollingr Mill-engine— A 
special design used for rolirng steel 
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plates and sections, the direction of 
movement being reversed between 
each pass. 

Right-hand Engine— One in which 
the flywheel stands to the right, wlien 
view'ed from the front of the engine. 

SAFETY VALVE— A valve on a 
boiler which opens when a definite 
steam pressure is exceeded, so reliev- 
ing the steam pressure. 

Saturated Steam— Steam In contact 
with water of the same temperature. 
Scale — Deposit which hardens on the 
water side of the plates of steam 
boilers. 

Setting of Boilers— Fixing land boilers 
over their flues, and seatings of 
brickwork. 

Slide Valves— Valves occurring in 
numerous forms, the function of 
whieli is to control the supplies of 
steam to cylinders, as distinguished 
from lift or drop valves and rotating 
valves. 

Slipper — Slipper bars are guide bars ; 

a slipper block is a piston crosshead. 
Slot Link— Tlie link througli whicli 
variable expansion, and reversals are 
effected. 

Smoke — Farticlee of solid carbon sus- 
pended in unburnt gases, and vapour 
of w'ater. Its proper combustion Is 
the object of many devices in boiler 
engineering. 

Soda — Used for preventing scale in 
boilers. 

Split Draught — The arrangement of 
flues in Lancashire boilers in which 
the products of combustion are 
divided at the back, and pass round 
to right and left. 

Stationary Engine— One fastened to 
foundations. 

Steam— The vapour of water, which, 
by virtue of its elastic energy, com- 
municates motion to a piston or 
rotor. 

Steam Chest — see mlve che$t, 
Superheatel Steam — Steam made 
hotter than the temperature at 
w'hlch it is generated. 

Surface Condenser— One fitted with 
tubes in the steam space, and through 
whieli the cold w’ater circulates. It 
differs in this respect from the jet 
condenser, which receives one jet of 
W'ater. 

TAIL ROD — A rod in continuation of 
a piston, or valve rod, but on the 
opposite side. Its fnnetion is to 
steady the moA'ements of the piston, 
or valve. 

Tandem Engine— A compound engine, 
the cylinders of which are in the same 
longitudinal axis. 

Thermal Unit— The amount of heat 
required to raise 1 lb. of w’ater I'' F. 
is the British Thermal unit, and is 
equivalent to 772 foot-i>ouiidB. 
Three-cylinder Engine— Specifically 
an engine in which the cylinders are 
arranged round a circle, with their 
axes 120« apart. 
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an eccen- 

Tractlve Force — The power exercised 
by the pistons and driving wheels of 
a locomotive to move a train. 

Travel — The length of movement of a 
piston or a vahe. 

Triple-expansion Engine— One in 
which the steam is expanded from 
one high- pressure into two low- 
pressure cylinders in succession. 

Trip Lever — A lever which lifts drop 
valves through a certain distance, 
and then allows them to close 
sharply. 

Try Cocks — ^The steam and water- 
cocks on a Imller which Indicate the 
highest and loxvest water level 
ailowatiie. 


Tube Expander— An appliance used 
for tightening the fire-tubes in multi- 
tubular boilers. 

Tubes — Tubes of brass, steel, iron, or 
copper are used in boilers to convey 
the heat from the fire-box through 
the water to the smoke-box. 

Tube Surftme— The total area of the 
exterior surfaces of condenser tubes. 
Tubular Boiler— Any boiler provided 
with nests of tubes to increase the 
heating surface. 

UNDERTYPE ENGINE — A fixed 
engine with a locomotive type of 
boiler, in which the engine Is fixed 
beneath the boiler. 

Unit — A standard for calculations — as 
the unit of heat, of w'ork, of mass, of 
strength, or of stress. 

VACUUM — The amount by which the 
pressure of a condenser is below that 
»)f the atmosphere. It is measured in 
pounds, or in inches of mercury. 
Valve — The agent by which the open- 
ing of steam and exhaust passages 
is controlled. It may be a slide 
valve, flat, or of piston type, or a 
drop, or a partly rotating valve. Or 
a main, or a cut-off valve. 

Valve Chest or steam Chest— Tlie 
casing which encloses a slide valve. 
Valve Diagrams— Diagrams made hi 
show graphically the cycle of action 
of valves. 

Valve Setting— Adjusting valves in 
relation to the eraiikpiu and the 
eccentric sheave. 

Variable Expansion — The (expansion 
of steam in a cylinder caused by 
alterations in the ojienlng of the 
throttle, or In the point of cut-off of 
the valves. 

Varying Travel— The travel of a slide 
valve which is varied momentarily 
by expansion gear, instead of being 
constant by a fixed eex'entrir only. 
Vertical Boiler— A cylindrical boiler 
having it* axis set vertically. 
Vertical Engine — An engine having 
the axis of its cylinder set vertically. 

WAGGON BOILER— An obsolete 
form, deriving its name from its 
cross section. It was externally fired. 
Wall Engine— A steam engine, the I»<-.(1- 
plate of which is bolted to a fa^ tory 
wall, the axis of the engine being 
vertical. 

Waste Heat — llesidiial heat from fur- 
naces which, foiroerly lost, is now' 
frequently utilised in warming feed 
water, or brickwork, or air and gas. 
Water Pressure Engines— Engines 
of rotary or recliirocating ty pes wlilcli 
are operated by water under pressure. 
Water-tube Boiler— A steam holler 
In wrhich the fire plays around nests 
of small water - tubes variously 
arranged. 

Weight Shaft — The shaft which car- 
ries the lever for lifting and lowering 
the slot links of valve gears. 

Wheel Draught— The arrangement of 
flues * ’ 


designed specially for hanilng liiine 
waggons up inclines. 

Windmill— A wind engine, the chief 
use of which now Is to drive well 
pumjM in country disti lets. 

Wire Drawing— Steam is wire-drawn 
when passages are made too small to 
permit it to enter w’lth freedom into 
the cylinder. 

Wire Gauze — Finely-W'oven wire used 
for making steam-tight Joints between 
flanges. 

Woolf Engine — An early compound 
engine in which the crank-pins were 
set 180« apart. 

Wrist Plate— Tlie rocking disc which 
transmits motion to the valve 
spindles of Corliss engines. 
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presence of carved and engraved bones 
amongst the tertiary deposits of Europe 
and America constitutes the strongest link in 
the chain of evidence that connects man with 
this remote period [59 and pages 2479 and 2480]. 

Bone Carving. On account of the hard- 
ness of its outer layers and the cancellous struc- 
ture of the inner, deep carving is not suitable to 
this material. Having sawn the bone into con- 
venient slabs, rough out the design with the 
parting tool and very quick gouges ; rough 
carve with flat gouges and firmers, finishing 
with the assistance of rifflers and files ; sand- 
paper then comes into play to remove scratches 
and tool marks, the whole being finally polished 
with the help of putty powder. 

Bone is easily dy^; it is even possible to 
impart a red colour to it during the lifetime of 
the animal by feeding it with madder (Ruhia 
tinctorum). Bone is used as a cheap substitute 
for ivory for knife-handles, chessmen, thimbles, 
and other small article ; but it soon discolours, 
and the comparative coarseness of its f^ain 
renders it useless for the production of delicate 
obi^ts. 

Ivory Carving. The antiquity of this 
handicraft is also undoubted, for, like bone carv- 
ing, it dates back to prehistoric ages. A contem- 
poraneous portrait of a mammoth [60] carved 
most realistically upon a fragment of fossil ivory 
has been unearthed in the Madeleine cave, Dor- 
dogne. Coming to more modem times, specimens 
have been preserved that teach us that the art 
has been largely practised by nearly every 
known civilis^ nation. 

Ivory is a fine-grained, hard, dentine-like sub- 
stance composing the tusks of both the African 
and the In^an elephant, together with those of 
the walrus and the narwhal. The molars of 
the elephant yield a less dense variety and those 
of the hippopotamus a peculiarly hard kind, 
which was used by dentists. All the above 
are known as green or live ivory, distinguishing 
them from the white, dead, fossil, or Siberian 
ivory obtained from the remains of the extinct 
mammoth. The density, toughness, elasticity, 
durability, colour and Mautiful figure of ivory, 
its absence of appreciable grain, and its capacity 
for receiving a high degree of finish, eminently 
fit it for the oarver^s hands. 

The Toole for Ivory Carving. The 
tools used for carving ivory are similar in 
character to those of the wood-carver, but smaller 
and stouter, with less tapered edges, like turning 
and engraving tools. The design is drawn upon 
the ivory in Lidian ink, as much as possible of 
the surface is removed with the saw, the pattern 
is grounded out, and the contours roughly 
hacked into shape. The ordinary cutting stroke 


is too tedious to be of practical service. Waste 
is removed more quickly by holding the tool 
upright and advancing first one comer of it and 
then the other in a zig-zag fashion, exerting 
firm pressure the while, nibbling the ivory 
away little by little. Drills and tiny points 
are next used for the deeper portions, and 
files for the shallower. Indeect the file is 
such an important tool that “ ivory filing ” 
would be a more appropriate term for the art 
than “ ivory carving.’’ Ivoiy is more cheaply 
worked by worrying away its substance with 
revolving burrs and drills, afterwards finishing 
as described below. 

Polishing, Engraving, and Repairing. 

The work is polished in three successive stages : 
( 1 ) No. 0 glasspaper ; (2) putty powder, pumice, 
or fine siliceous earth ; and (3) a revolving 
brush fed with whiting and water. 

Ivory may be easily engraved, the pattern 
being rendered visible by mbbing in Indian ink 
or indigo, and papering the surface to bring up 
the lines clearly and sharply. 

Broken ivories can be repaired with fish glue, 
provided the broken surfaces are not greasy, 
in 'which case, cleanse them with sulphuric ether, 
alcohol, or benzene. Warm both fragments, apply 
as little glue as possible and exert firm pressure 
till thoroughly set. Ivory dust or shavings 
mixed with fish glue may be used for building 
up bmises, chips, or deep scratches. 

Ivory carvings are apt to discolour unless 
esmosed freely to both li^t and air. 

Imitation and the Forgotten Moulded 
Ivories. Very fair imitations of old ivories 
may be made by covering carved wood with 
three or four coats of very pale clirome enamel, 
re-stamping the groimdwork, and flooding the 
depressions with Vandyke brown ; or by making 
casts in a creamy yellow plaster of Paris, boiling 
them in spermaceti or hard paraffin, stippling 
the ground and lining the furrows with brown, 
finally adding fine black, wavy strokes with 
Indian ink to simulate the cracks of the original. 

Ivory may be made plastic by dissolving its 
earthy salts with phosphoric acicl ; on the other 
hand, when brittle and friable from age, it 
m^ be toughened by boiling in gelatine. 

There is little doubt it was at one time possible 
to soften ivory so as to allow of its being squeezed 
or moulded into sheets of considerable size. 
Unfortunately, this is a lost art, for none of the 
recipes which have been preserved have proved 
successful in the hands of modem chemists. 

Ivory Substitutes. The curiously hard 
seeds of the Phyteltphaa imcrocarpa are used 
as a substitute for ivory; the ab^ce of the 
characteristic “enme-tumed” figure of genuine 
ivory at once proclaims this substitute. 


6299 





CAKVIMO 

An artificial ivory known as bonzoline is 
supposed to be a mixture of celluloid and some 
very fine mineral earth. 

The delicately fretted ivory fans made in 
Paris, and suppased to be of Eastern origin, are 
produced by drilling the design through a solid 
block of ivory and then sawing it into leaves. 

Horn Carving. Ox and bulfalo horns 
are chiefly used for this purpose, though rhino- 
ceros horn is occasionally ornamented as a 
curio. Ram’s horn is so "decorated by Nature 
that further treatment is superfluous. Horns of 
deer are really deciduous bones, and with the 
exception of their being utilised as knife and 
cutlery handles, are generally 
lietter adapted as decorative 
objects when uncarved and 
arranged in pairs. 

Homs may be carved with 
ordinary wood-carving tools, 
but owing to the smoothness, 
roundness, and natural greasi- 
ness of the surface it is not 
always an easy matter to get 
the tool to bite. Fortunatel}’, 
hom can be softened by 
boiling. The carver therefore 
overcomes the diflficulty by 
letting a jet of steam play on the hom, though 
he has to be careful not to allow it to remain 
subjected to a high moist heat for long at a 
time, lest the natural cement, which binds 
together the bundles of fibrous hairs of which 
it is constructed, should be decomposed. 

WorKing Difficulties. The carver also 
has to exercise considerable ingenuity in fixing 
his work firmly. Sometimes he will be able 
to keep it steady in a 
vice well padded with 
leather : at others by 
wedging it on both sides 
with wooden knees, and 
fixing cross-pieces above 
it. Or he may stand it 
upright and screw it to 
the bench, or fit the thin 
extremity into a block 
of wood or cement which 
can be held with a hold- 
fast while the thick end 
is clamped to the table 
w ith a “ long dog ’* [page /)8l() j. By this manteuATe 
a quarter-face can l^e worked at a time. There 
are no technical difficulties to be overcome in 
hom carving w^hen once the outer skin has lieeii 
pierced. A sharp knife is capable of doing most 
of the roughing out since the contour of a 
hom permits its use in almost any position. 

An effective and permanent decoration 
is to stain the ground w'ork black Avith 
nitrate of sih’er, browm Avith chloride of 
gold, or yellow with nitric acid. 

Hom may be made as plastic as putty 
by boiling it with quicklime, in which 



69. RIB or BAL.BONOTUS SCORED WITH 
FONT KNIFE 

(\ magnified 8ecti<m of a cut is sh<»wn to 
tlu* right) 



state it can be moulded into any desired shape, 
regaining its temper on being subjected to a 
continuous stream of cold w’ater. 

Shell Carving. The principal shell used 
for carving is that of the Meleagrina margaritiferay 
the Indian pearl mussel. 

Mother-of-pearl, as it is called, is easily canned 
and turned, provided due allowance be made for 
its structural peculiarities. It consists of layer 
upon layer of a brittle, chalky material, packetl 
closely together like the leaves of a book. If 
flaking is to be avoided, all cutting strokes must 
be m^e in directions radiating downwards and 
outwards from each high point of the relief. No 
special tools arc required 
beyond sharp cutting scrapers 
of assorted sizes. Its brittle- 
ness handicaps the carver 
considerably, low relief and 
coarse fretting being the only 
decorations appUcable. 

Shells Displaced by 
Porcelain. Shell cameos, 
which were so fashionable 
for nearly 4()0 years, are 
now but rarely produced : 
indeed, the art- of cutting 
them seems to have died out 
since Wedgwood imitated them so successfully 
in porcelain. The various and contrasted colours 
of the component layers of several species of 
shells suggested to the Italians of the Renais- 
sance the possibility of substituting them for the 
stratified gems used for cameos. The shells most 
faA'oured for this purpose are given in the table 
The deep layer is utilised as a background upon 
which to show up the design proper, wrought in 
the middle layer, the 
outer coloured portion 
serAing to accentuat(‘ 
parts of the picture, and 
as a frame. 

Cutting Cameon 
in Shell. Cutting 
shell cameos is tedious 
work, owing to the 
microscopic detail of 
the designs from Avhich 
they are mostly copied. 
The finest bits and 
points are employed as 
the cameo reache.s completion. Groat erfre has 
to l)e exercised, not only in the first polishing, 
but also in subsequent cleansings, to avoid ruin- 
ing the sharpness of the pattern, the chalky layer 
from which it is cut being very tender and friable. 


CONTEMPORANEOUS PORTRAIT OF A MAMMOTH 
((.'ai vfil nil niaininotli Ivnry) 


Name. 


SHELLS FOR CARVINO 

Colour of deep 
layer. 


; Colour of middle 
layer. 


Bull-mouth (Ca$$i9 rufa) 
Black-helmet (C- (uberota) . 
Horned-helmet (C. corntUa). 


Reddish or oraufre - Creamy white 
Onyx brow'ti . . ’ pui-e white 
Brow n or jjrey . . i Dead white 
Pink 1 Pinkish white 


Carving concluded 
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By JUSTIN 

\WE may resume the history of Russia with 
^ the death of Alexander I., in 1825, and the 
succession of Nicholas I., who was crowned at 
Moscow in 1826. For a time the history of Russia 
was mainly made up of wars against Persians or 
the remorseless crushing of Poland's efforts to 
win her freedom from Russian oppression, of 
futile alliances made with this or that European 
State for the purpose of strengthening Russia's 
power. The army was greatly increased by 
compulsory enlistment during this period, and 
there is the more satisfactory statement to be 
made that the general extension of the railway 
system in Russia was also a product of this reign. 

The Crimean War. In 1853 began the 
Crimean War, in which England, France — then 
under the Empire of Napoleon III. — and Sar- 
dinia, at that time merely one of the States of a 
disunited Italy, made war on Russia in defence of 
Turkey. The war lasted until 1856, and its 
events and its conclusion are told in another 
place. While the war was still going on the 
Emperor of Russia issued a decree for the total 
emancipation of the serfs, 23,000,000 in number, 
throughout the whole Empire. This was put into 
force, and was carried to completion within 
two years. 

The Emperor Nicholas I., who had begun his 
reign in 1825, was succeeded by Alexander II. in 
1855. Russia's story for some time following was 
merely the struggle for something like political 
liberty and citizenship made by the great 
majority of the working population, and the 
efforts of the existing authorities now to con- 
ciliate by partial reforms and now to suppress by 
reckless force those ever-renewing efforts. 

The knowledge of the development in political 
liberty which was going on through so many other 
parts of Europe was beginning to spread itself 
t hroughout Russia, and the people of Russia could 
not 1:^ prevented from making manifest their 
resolve to obtain something like political freedom. 

The Ceare and Ruaeian Freedom. 
The effects of this contest between oppming 
orders and conflieting interests made itself 
evident in successive revolutionary conspiracies, 
and even in murderous outrages on the 
part of the unemancipated, and of ruthless 
punishments inflicted by the rulers. There 
appears to have been, on the part of more than 
one of the Russian czars, a sincere desire to render 
something like justice to the unemancipated 
classes, and to establish something like the 
representative principle of government through- 
out the Russian dominions. During the reign of 
Alexander II. some reforms were introduced, 
but they did not suffice to satisfy the demands 
of those for whom they were intended, and, 
indeed, they seem to have aroused only a fury 
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of disappointed aspiration among the great 
masses of the Russian people. 

One result was the foundation and the spread of 
the Nihilist conspiracy, the underlying principle 
of which seemed to be that everything was wrong 
in Russia and in most other lands, and that 
nothing but a total reconstruction of society 
could effect any lasting benefit for the world. 
Many of the Nihilists were sincere, but there were 
large numbers who had nothing in their mind 
but the destruction of all existing organisations, 
and who would have held back from nothing to 
gain their ends. In February, 1881, the Czar 
made known to his council a plan for the promul- 
gation of a political constitution, but within a 
few days after this event he was killed by a bomb 
thrown at him in one of the public streets. He 
was succeeded by Alexander III., who w'as 
married to a daughter of the King of Denmark, 
sister of Queen Alexandra. He reigned from 1881 
to 1894, and the work of Nihilism stjU con- 
tinued. Many attempts were made upon his life 
by Nihilist conspirators, and it is believed that 
the shocks to his system of these repeated 
attempts led to the illness which caused his death. 

The Hague Conference. Nicholas IT., 
who succeeded him, and who was married 
to a granddaughter of Queen Victoria of 
England, made a marked advance in the consti- 
tutional policy approached by his predecessor. 
He showed himself distinctly in favour of a 
constitutional system from the beginning of his 
reign, made many concessions towards his Polish 
subjects, and proved himself an enlightened and 
conscientious advocate of the cause of peace 
among the States of the world. On August 
28th, 1898, his government made known to 
the Courts of Europe his famous plan for the 
assembly of a conference of all Powers for the 
consideration of means to put an end to the 
incessant increase of armaments, and to occupy 
itself “ with the grave problem of universal 
peace.” This proposal led to the formation of the 
Hague Conference of 1898. That conference, 
however, proved disappointing in its results as 
the question of international disarmament w*as 
not actually brought forward ; but the mere fact 
of such an arrangement having been proposed 
by Russia is in itself of great importance. The 
further consideration of the whole subject was 
not abandoned, but was postponed to a second 
sitting of the conference at the same place and 
for the same purpose. 

Some time after this the Czar actually 
convened an assembly of the Duma, or 
national Parliament, a novel institution for 
Russia ; but this .first assembly did not appear 
to give full satisfaction to its author, and w^as 
suddenly and inauspiciously dissolved. Then 
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followed a number of outrages startling even for 
Russia, a scries of murderous and fatal attacks 
on Ministers of State, governors of departments, 
and other public functionaries, followed by fierce 
and sanguinary efforts at repression. The Czar 
did not seem to lose hope or heart, and he soon 
announced that the convocation of a new Duma, 
with even more expanded representative power, 
was soon to take place. Meanwhile, however, 
the attention of all the world w'as drawn away 
from Russia's internal troubles by the outbreak 
of the war Ixitween Japan and Russia. There 
liad been arrangements going on with regard to 
the rival claims of Japan and Russia concerning 
Manchuria and Corea, and the Japanese, at last 
becoming impatient of delays, declared war on 
February 6th, 1905. 

The Coming Up of Japan. Then it 
became apparent to the whole world that a new 
Power was coming up in the East to shake the 
balance of controlling influences in the West. 
In the work of war the Japanese proved superior 
even to Russia with her vast military resources, 
and the Russians were compelled, after successive 
defeats, to make peace on Japan's terms, Japan 
only yielding so much of her original demands as 
was put in the form of a claim for money indem- 
nity, Even this moderate concession created 
much popular indignation in Japan, where the 
public feeling, over-excited by continuous suc- 
cess, seemed disposed to insist that she should 
have abated nothing of her claims. The peace 
was brought about to some extent by the influ- 
ence of President Roosevelt and the Government 
of the United States, who strongly urged upon 
Japan and Russia the world -wide importance of 
their coming to terms of settlement. The second 
Duma was summoned on March 5th, 1907, but 
the condition of Russia at the time of writing is 
anything but satisfactory. 

PRUSSIA 

Pi’us^iia as a .separate State may be said to 
have had its beginning in 151 1. The Margrave 
Albert of Anspach, of the family of Hohenzollcm 
— a family of Frankish descent which had already 
become powerful in Prussia — and a kinsman of 
the King of Poland, w^as elected their Grand 
Master by the Knights. Prussia was not im- 
mediately freed from Polish rule, but in 1525 
the Grand Master was acknowledged Duke of 
Prussia, and under his rule the country advanced 
in prosperity. He improved the existing laws 
and established schools, and during his reign the 
University of Konigsberg was founded. Duke 
Albert b^ame a Lutheran, as did many of his 
followers. His son was insane, and the Elector 
of Brandenburg, after being Regent, w'as, on 
the death of Duke Albert in 1618, made ruler of 
the Duchy. The House of Hohenzollern- 
Brandenburg have from that day been the 
rulers of Prussia. In the reign of his succeasor 
occurred the Thirty Years War by which the 
country w^as much disturbed, and the population 
and the finances of it diminished rapidly; but 
under his son Frederick William, known as the 
“ Great Elector,” Prussia attained a high 
position among European States and became 
prosperous in every way. Frederick increased 


the finances and established an army of 38,000 
men. Under his successors, Frederick I. and 
Frederick William I., Prussia still advanced, 
and in 1701 became a kingdom. Frederick 
William is best known as the father of Frederick 
the Great, the most famous of all Prussian 
monarchs ; he also did much for his kingdom, and 
by his rigid economy left the treasury in a flour 
ishing condition and established a powerful army. 

Frederick The Great. Frederick II. 
succeeded his father in 1 740. He reigned for forty- 
six years, and under his rule Prussia became one 
of the great Powers of Europe. Frederick the 
Great was bom in Berlin, January 24th, 1712. 
His mother was Sophia Dorothea, daughter of 
George I. of England. His early years were 
made so unhappy by his rigid military training 
and his education, which was equally rigid, that 
he tried, when only eighteen, to escape to 
Fmgland. His father was angry at this and 
w'ould have sentenced his son to death but 
for the intervention of the Emperor. He did 
actually have Lieutenant Katte, whom he 
suspected of complicity, executed in his son's 
presence, and Frederick was imprisoned. The 
young Prince now saw that resistance was 
hopeless ; he did everjrthing in his power to 
conciliate his father, and in 1733 married the 
Princess Elizabeth Christina because liis father 
wished it. He did not come to the throne for 
seven years after his marriage, and for those years 
he lived at Rheinsberg and gave much of his 
time to the study of music and literature, 
e.specially French literature. He also took great 
interest in the philosophical questions which were 
at that time much discussed % people of learning 
and culture, and he corresponded with Voltaire. 
But it is certain that he also gave much thought 
to the question of the expansion of his do- 
minions — the Prussian Kingdom of which he was 
so soon to be the ruler, and whose territory ho 
left twice the size it was at his accession. 

The Seven Years War. One of his first 
acts, when he succeeded in 1740, was to make 
w'ar on the Austrians, whom he defeated at the 
Battles of Mollwitz and Chotusitz in 1741 and 
1742. He made an alliance for fifteen years 
w'ith France, and this compelled Maria Theresa, 
whose accession in 1740 had separated Austria 
from Prussia, to cede to him Lower and Upper 
Silesia. By another war in 1744 he acquired 
still more territory, and after this there was a 
period of peace which lasted eleven years, and 
enabled Frederick to turn his attention to 
reforms in his dominions. In 1756 occurred the 
third Silesian war, better known as the Seven 
Years War. In this famous war, in which 
Frederick was the aggressor, he was in the 
end completely victorious, and showed himself 
to be a great militaiy genius. The war ended 
with the Peace of Hubertsburg in 1763. In 
1772 he shared in the first partition of Poland, 
of which he added a large part to the dominions 
of Prussia In 1778 he engaged in another war 
and acquired the Franconian Duchies. He also 
established the famous '' Furatenbund,” or 
League of Princes. This was one of his last acts, 
for he died at Potsdam on August 17th, 1786. 
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ITALY 

There is not much to tell of the history of Italy 
from the middle of the sixteenth to the end of 
the eighteenth centuries. Bv the Peace of 
Oambrai, in 1529, Charles V. of Austria became 
practically lord of Italy, and, thirty years later, 
his son Philip became, by the Peace of Oateau 
Cambresis, almost undisputed ruler. Venice 
alone remained really independent. Genoa, 
Lucca, and San Marino were independent in 
name only. Piedmont was given to Philip’s 
cousin, the Duke of Savoy, who had regained 
Savoy and Nice. The Order of the Society of 
Jesus was founded in 1540, and the famous 
Council of Tr**no, established in 1545, defined 
the doct'^es of the Church of Rome. Venice, 
formorly under the rule of her own Patriarch, 
no^ acknowledged the supremacy of the Pope 
of Rome. 

But the days of Venice’s greatness were 
over ; much of the territory that had been hers 
was now in the power of the Turks, and not- 
withstanding the victory of the Battle of 
I^epanto, in which the Christians under Don 
John of Austria had defeated the Turks, 
Venice had been compelled to cede Cvprus to the 
Ottoman power. The conquest of tlie Pelopon- 
nesus in 1684 was the last triumph of the Vene- 
tians, and the Peloponnesus was recaptured by 
the Turks thirty years later. Other events of 
this period were two risings in Sicily and the 
revolt led by Masaniello in Naples — an event 
much celebrated both in poetry and romance. 
Masaniello was a Neapolitan who in 1647 
organised a rebellion against Spanish rule for 
the remission of taxes. The rising w'as successful, 
but Masaniello was soon afterwards aasassinated. 

Italy Divided Among the Powers. 
The great days of Spain were also over, and 
after the war of the Spanish Succession, Italy 
was again divided among the European Powers. 
To the House of Savoy the Island of Sicily was 
given, with Victor Amadeus II. as King. He 
proved a good ruler, but in 1720 was compelled 
to give Sicily to Charles VI. of Austria in ex- 
change for Sardinia, which remained under the 
rule of the House of Savoy until 1861. By the 
Treaty of Aix-la-Chapelle, Italy was once more 
broken up. The House of Savoy had Sardinia, 
Piedmont, and some other parts of Italy ; the 
Austrians had Milan and Tuscany ; Charles III., 
the Bourbon, was King of the two Sicilies, and 
his brother Philip was Duke of Parma. The 
Papal Territory included the centre of Italy as 
far as Venice, which remained a republic imtil 
1797. Modena and Genoa were under the pro- 
tection of France, and in 1755 Genoa gave the 
island of Corsica to that country. 

For a time there was peace in Italy — peace, at 
least, from war — ^under the despotic sway of the 
Bourbons, who now held most of the peninsula. 
Of these rulers of Italy, Peter Leopold, Grand 
Duke of Tuscany, was far the most capable. He 
oppressed the Inquisition and made many 
improvements in the condition of his territory. 
In 1790 he became Emperor of Austria. 

After the days of the Napoleonic wars and the 
fall of Napoleon, the national feeling of Italy 


began to concentrate itself more and more on 
the re-establishment of that Italian unity which 
had long been but a memory of the past. The 
practical working out of this purpose was mainly 
due to the efforts of Count Cavour, a great 
Italian statesman, Mazzini, a great and popular 
and patriotic agitator, and Garibaldi, a gallant, 
single-minded and brilliant soldier. Mazzini and 
Garibaldi were both Republicans by principle, 
and were strongly oppos^ to the system which 
divided Italy into a number of small kingdoms, 
and thus left the country under the influence of 
X)owerful rival sovereignties like France, Austria, 
and Russia. 

Maxxini and Garibaldi. Cavour had 
risen high in public life in Sardinia when that 
kingdom had become a constitutional State, 
and his genius and influence had done much 
to draw the attention of Italy towards Sardinia 
as the Italian Power destined to take the leading 
place in the movement for Italian unity now 
making itself felt throughout the whole country. 
Both Mazzini and Garibaldi were willing to 
accept the rule of one constitutional sovereign, 
provided the country could, by means of that 
system become one united and independent 
Italy. Victor Emmanuel II. was then King of 
Sardinia, and his State was regarded by most of 
the Italian peoples as the rising hope of Italy’s 
accession to national independence. Count 
Cavour became Prime Minister of Sardinia in 
1852. The wars between France and Austria, 
under the rule of Louis Napoleon as Emperor, 
brought sudden support to the policy of Cavour. 

Garibaldi headeaan armed rising against the 
King of Naples, a kingdom still governed accord- 
ing to the most old-fashioned systems of tyran- 
nical rule, and Victor Emmanuel, at the head of 
his army, supported the rising against the King, 
whose rule was detested by the vast majority of 
his subjects. On November 7th. I860, the King 
of Sardinia entered Naples in triumph, and was 
welcomed as severe to. On February 26th, 
1861, the first Italian Parliament assembled, and 
Victor Emmanuel was declared King of Italy, 
and on March Slst, in the same year, the kingdom 
was recognised by Great Britain. 

The capital of Italy was then transferred from 
Turin to Florence. Garibaldi made several 
attempts to capture Rome from the Papal 
dominion and make it the centre of the Italian 
power, but these attempts had to be resisted and 
suppressed by Victor Emmanuel, although he 
and his ^people were in thorough sympathy with 
the desire to make Rome the centre of united 
Italy, so far as political life was concerned. 

Rome Ceded to Italian Rule. France 
had been occupying Rome for some time, but 
after the fall of ^e French Empire, in 1870, 
the French occupation of Rome came to an 
end, and on September 20th of the same year 
the King entered Rome and was proclaimed 
sovereign of United Italy, the political power of 
the Papacy thus coming to an end. King Victor 
Emmanuel died in January 1878, and was suc- 
ceeded by his eldest son, King Humbert I., who 
was bom in 1844, and from that time the kingdom 
of Italy has held its place among the States of 
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Europe. Pope Pius IX. died a month after 
King Victor Emmanuel and was succeeded by 
Leo XIII. King Humbert 1. was assassinated 
on July 20th, 1900, at Monza, by Angelo Brossi, 
a Tuscan, and was succeeded by his son, Victor 
Emmanuel III., the present King. Pope Leo 
XTII., a groat statesman as well as a great 
ecclesiastic, died in 1903, and Pope Pius X. was 
elected to the Papal Cliair 

SPAIN 

The story of Spain, from the opening of the 
new era when the restoration of royalties had 
followed the fall of the Napoleonic Empire, is 
made up chiefly of dynastic and other internecine 
struggles. There Avere always rival family 
claims for the throne of Spain, which led to 
continuous domestic wars, and there were also 
continuous struggles among political parties and 
factions. There Avere arising in Spain great 
parties of men — in fact, large sections of the 
population — Avho were tired of the dynastic 
quarrels, who could not recognise any Divine right 
amongst the families who disputed for the crown, 
and Avere craving for some system of govern- 
ment more in accordance with modem ideas. 

In 1817, the rule of despotism had again set 
in for Spain, but the representatives of despotism 
Aiere in strife among themselves, and there Avas 
AA’ar, not so much between despotic power and 
liberty as between one Power claiming to be** 
despotic and another which contend^ that 
itself, and it alone, had “ the Divine right to 
goA-em AATong.’* In the meantime, the growing 
light of civilisation had guided some important 
reforms in the Spanish system, one of which Avas 
the abolition of the slaAT trade. Spain had some 
costly struggles brought upon her by her efforts 
to regain her poAAcr over Morocco. The war in 
AA'hich, unwisely and unfortunately for herself, 
Spain engaged Avith the United States, is 
described in another place. The sovereigns aa'Iio 
ruled in Spain during the period now under our 
surveA^ were IsaMla IT., Amadeo I., Alfonso 
XII., Maria Isal^ella, and Alfonso XIIl., en- 
throned 17th May. 1902. 

THE NETHERLANDS 

The death of William the Silent, in 1584, was 
a great misfortune for Holland, for the country 
had been deli\x*red by him from Spanish rule. 
The Union of Utrecht, in 1579, and the declara- 
tion of 1581, in Avhich the Dutch renounced 
allegiance to Philip II. of Spain, had already 
mode the Netherlands free. Maurice of Nassau 
carried on his father’s work, and the Dutch won 
many victories at sea. Parma succeeded in 
taking Antwerp, but his fleet was prevented by 
the Dutch from joining the Spanish Armada in 
1588. Parma died in 1592, and Philip II. in 1598, 
leaving the Netherlands unconquered ; and, 
though Philip II, still called the Dutch “rebels,” 
tikeir successes at sea enabled them to make their 
OAvn terms, and in 1609 he signed an armistice 
with them for twehx years. 

Unfortunately, t his time of peace was spent in 
religious and political struggles between the 
followers of Clomarus and^ the followers of 


Arminius, which ended in the defeat of the 
Arminians. Grotius and others had to ^y, and 
Olden Bameweldt, the Grand Pensionary, was 
beheaded in 1618. But the Republic progressed 
all the same, and Frederick Henry, who succeeded 
his brother Maurice of Nassau in 1625, compelled 
Spain, by the Treaty of Munster, to recognise 
the independence of the Dutch Republic. 

A Century of Prosperity. From this 
time Holland, for at least a century, progressed 
steadily in power and prosperity, and gave 
many great men to the Avorld. 

Holland had wars AA’ith England both in the 
time of Cromwell and during the reign of 
Charles II., and among the great admirals who 
commanded her fleets were De Ruyter, Tromp, 
Van Galen, and Evertsen. There were also wars 
Aiith France in the reign of Louis XIV. in which 
Holland w'as defeated. De Witt, who had strength- 
ened the nav^y, had neglected the army, and he 
became so unpopular in consequence that he was 
killed by a mob at the Hague in 1672. William 
of Orange, who became William III. of England, 
AAas chosen as Stadtholder by the people, and 
under him the country again became prosperous 
and successful. He married Mary, daughter of 
James, Duke of York, and wa.s thus allied Avith 
England, and l^uis XIV. had to sign the treaty 
of the Peace of Nimeguen in 1078. The Revo- 
cation of the Edict of Nantes drove many 
Huguenots to find a new home in Holland, and 
they helped the Dutch in their wars Avith France. 
After the death of William in 1702, Holland again 
became a Republic, and the Treaty of Utrecht 
in 1713 ended, for the time, the greatest epoch in 
her history. 

The French in Belgium. In 1747 
the Stadtholdership was re-established. In 
1793 the National Convention made AA^ar on 
Holland, and French troops overran Belgium in 
the folloAA’ing year. The Patriots of the United 
Provinces, combining with the French, compelled 
William V. to fly to England. The “ Batavian 
Republic ” was succeeded, after many changes, 
by the reign of Louis Bonaparte ; but this only 
lasted from 1806 to 1810. Holland then became^ 


part of the French Empire, but on the fall of 
Napoleon it again became a kingdom under the 
rule of the House of Orange. Belgium seceded 
from Holland in 1830, but nine years later 
the two countries made pt^ace. Holland was 
ruled in succession by William I , II., and III., 
and during the reign of William III. some im- 
portant changes were made in the laws. In 
1862 the Bill for the Emancipation of Slaves 
was passed ; in 1869 capital punishment was 


abolished, and in 1872 a new Treaty was made 
between Holland and England which definf^-^ 
and limited the sphere of influence andjps^^'^^^on of 
the two countries in the Indian a-nd 

removed some restrictions of treaty. 

William had no daughter by his 

second marriiL,##'^* Wilhelmina, the Princess of 
Orange, wai4^“^2 successor, QueenEmma 

WilUam HI died in 
1890 at/ Princess Wilhelmina, who was then 
ten yewlg- of Holland. 


CofUimied 
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furaaoes. Then the sulphide ores, the most imj^rtant 
of which are copper pyrites, are subject to dry or 
wet proc€^es, according to their nature and their 
copper contents. Dry methods are usually adopted 
with ores rich in copper and wet methods with 
poorer ores or with auriferous and argentiferous 
copper ores. 

Qialcopyrite is a combination of copper with iron 
and sulphur, and the object in smelting is to 
separate the copper from these two and also, of 
course, to eliminate the g^ngue. The process 
depends upon the affinity of iron for oxygen and 
copi)er for sulphur. By calcination, or roasting 
the ores in heaps, or in shaft or reverberatory 
furnaces, they are freed from siliceous matter 
and concentrated, forming a copper watte, so-called. 
The matte is then smelted with a siliceous flux and 
oxide of copper is changed into a sulphide. Again 
it is fused with slag to oxidise the sulphide 
of iron and the result is a white sometimes 

called Hue meUd or /?nc metals with from (K) per cent, to 
75 per cent, of copper. This is now melted in contact 
with air, and the oxide of copper formed reacts on 
the cuprous sulphide, forming an impure metallic 
copper {blister copper) and a slag rich in copper. 

Copper R.eflfiing« The metal contains 
iron end other impurities, and has now to 
l)e reflned. It is treated in a reverberatory 
furnace, and to remove the cuprous oxide jxjles 
of green wood are pushed into the bath, and 
charcoal or anthracite is sprinkled on the surface. 
When the metal has become pale and fibrous this 
refining is finished. The resulting copper ingot 
should show u flat surface. If it contain too much 
oxide it will Ix^ furrowed and is “ underpoled, 
and if it be ridged on the surface it is “ over])oled ** 
and contain.^ too little. 

The modifications of this reaction” process, as 
it is called, are numerous, and the varieties of 
furnaces and oi^erations are very great. Each ore 
must be treated for its individual properties, and 
local conditions must also be considered. The 

reduction ” process is similar to the reaction 
process up to the “ white metal ” stage. The 
reduction process oxidises the sulphide completely, 
and reduces the mass by carbon. It is less 
economical than the other process. 

The wet method of treating copper ore is followed 
for low grade ores. Copper sulphate is extracted 
from the roasted ore by bleaching with water, and 
the copjx^r in .solution is precipitated by the aid of 
another metal, usually iron, or by electrolysis. The 
great value of the wet process is that if the ore contain 
silver or gold these metals may be recovered. 

Electrolytic Copper Refining. The 
electro-chemical treatment of copper ore lias not yet 
been practised on a large scale, but electrolytic 
treatment of impure copper produces a copper of high 
purity, such as is recpiired for electrical purposes. 
The principle of electrolytic refining of copper is 
.simple. The electric current enters a bath of solu- 
tion of sulphate of copper through an anode of 
impure copixir and leaves it by a cathode. The 
action is that the anode is dissolved, but only the 
pure copfKjr is deposited on the cathode, the re- 
maining metals present as impurities, and also 
dissolved from the anode, not being so easily 
deposited as copper. We shall examine details of 
the process of electrolytic refining as practised in 
some of the largest works. 

The first process in the electrolytic refining of 
copper is to melt the copper pigs or ingots so that 
they may be cast into the large flat plates which 
form the anodes in the electrolytic tanks. The charge 


of copper is melted in the anode furnaces as they are 
called, reverberatory furnaces used for this special 
purpose. Then the metal is worked by methods 
akin to those of puddling [see page 4635J for some 
hours, sometimes as many as thirteen or fourteen. 
This treatment dispels some of the impurities, and 
the copper is raised from usually 98*5 per cent, of 
purity to 99 *5 of purity. Then the f unlace is tapped, 
the metal is drawn off by the help of a ladle, and is 
poured into moulds which are mounted upon an 
endless chain. The copper plates which are to 
be used as anodes are 36 in. by 24 in. by 1 in. 
Each is made with two lugs on its upper edge, these 
being used to support the plate in the electrolytic 
tank. The plates are then pul into frames holding 
22 plates, the full charge for one electrolytic bath. 

Electrolytic Rath. The tanks are filled with 
diluted sulphuric acid and sulphate of cop^r 
electrolyte, and are usually arranged in sets with 
a reservoir and pump to each sot. They are 
arranged electrically in series, and the electrodes in 
each tank are parallel. 

The thin cathode sheets used in the depositing 
tanks are themselves deposited in other tanks 
known as stripping tanks. The cathodes in the 
stripping tanks are pure rolled copper plates covered 
with grease or plumbago, upon the surface of which 
the new plates form, and from which they are 
afterwards easily detached. These new plates are 
beaten with wooden paddles and are hung by 
copjxjr loops from copper rods which lie upon the 
edges of the depositing tank. 

Now the electric current is passed through the 
bath, and the action is to transfer the copjier of the 
anode plates to the cathode plates, upon which it 
is deposited. The charge is under treatment in 
the electrolyte for seven days, when the cathode 
plates have increased from 6 lb. to 8 lb. in weight 
to 75 lb. or 80 lb. Then they are removed and 
taken to the refining furnaces. The anodes, how- 
ever, are not yet exhausted. New cathode plates 
are supplied and the process is resumed. The 
anodes last for six weeks. 

The final process of refining is similar to that 
already described, when the green wood is plunged 
beneath the surface so as to remove the oxide by 
the. carbon of the wood combining with the oxygen 
and escaping as carbon dioxide. The result of the 
process is a copper of 99*88 i^er cent, of purity. 

Copper Castings. Casting copper so as to 
give good sound castings is not an easy matter, but 
it is a subjoert of some importance because several 
industries, particularly the electrical industry, are 
develo])ing an increasing need for copper castings. 
The chief difficulties in casting copper are occasioned 
by impurities in the copper, by the formation ot 
cuprous oxide while the metal is in a state of fusion, 
whereby blow-holes are caused, and by the great 
contraction during cooling, whereby the mould is 
not completely filled. The first- mentioned difficulty 
is overcome to some extent by the use of copper 
which has been electrolytically refined, and is 
therefore chemically pure. A common method of 
overcoming the cuprous oxide difficulty, in good 
practice, is by casting in chills or dry sand moulds, 
and by adding up to 5 per cent, of manganese at the 
time of casting. Manganese combines with the 
oxygen of the cuprous oxide, thus making the 
metal more uniform. Sometimes zinc or tin, up to 
1| per cent., is added, and has the desired effect. 
For very thin or very sharp copper castings, the 
introduction of one-half of 1 per cent, of phosphorus 
has beneficial effects. It has a deoxidising effect, 
and increases the fluidity. 
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Copper Oxides. NumerouH compoundH of 
copper have a place in industry. We cannot go 
into great detail in every one of them, but we can 
pass them under cursory review and indicate their 
value and importance. 

Cuprous oxide (Cu.jO), otherwise known as red 
oxide of copper y copper svhoxide, and copper hemioxide, 
is found in the native state as cuprite or red copper 
ore [see page 6305], and as chalcotrichite. It may 
be prepared by heating finely divided copper in 
air below red heat and in several other ways. It 
is used as a pigment, and, in combination with 
blac^k oxide of copper, constitutes one of the 
cop|)er antifouling paints used for ship bottoms. 
It is also used in the manufacture of ruby glass. 

Black oxide of copper (CuO), or copper monoxide, 
is found as melaeonifr or black copper in native 
deposits, prominently in the Lake Superior district. 
It is used in organic analysis. It is also used in 
the manufacture of green and blue glass [see 
Ijage 4533 J. 

Hydrated copper oxide (CiiO . Hj,0) is used in 
paper staining. It is of a blue colour, but develops 
into green under atmospheric exposure. Schweit- 
zer’s reagent, which is used in the manufacture of 
Willesden paper, is a solution of cupric hydrate in 
strong ammonia. Treated with this solution 
cellulose gelatini.ses and is completely solved. 
When the solution has been evaporated, a gummy 
mass consisting of cellulose and copper oxide 
remains. In making Willesden paper the solution is 
allowed to dry on]the paper, making it water resisting 
and binding the constituent fibres together, thereby 
increasing the strength. Ropes and netting are 
also treated by the same process. Thorpe quote < 
the alleged best method of preparing hydrated 
copper oxide : “ »Six parts of copper sulphate are 
dis.solved in water and mi.\ed with a solution of 
three parts of calcium chloride. The clear liquid 
is de<'anted from the precipitated calcium sulphate 
and is mixed with one and a half parts of lime, 
made into a cream with water. The greenish 
precipitate is collected, washed and mixed with 
one-fourth of its weight of slaked lime and as much 
pearlash. and to render the colour more permanent 
one-fourth of its weight of ammonium chloride 
and one-half of its weight of copper sulphate are 
usually added.” 

Chloride and Other Copper Salts. 

The Brunswick green of commerce is cuprous 
chloride ((’u.^Cl.,). It has a wide use as a pigment. 
It is found native as afacarnitc. It is prepared from 
copiK^r turnings by moistening them with hydro- 
chloric acid or ammonium chloride under atmo- 
K]>heric exposure, or it may be made by boiling 
copper sulphate in solution with a small percentage 
of bleaching powder solution. 

Cupric cMoride (Cut -Lj is used for methyl violet in 
calico printing and for oxidising cutch colours. 
It is made by heating copper in e.\ce.ss of chlorine 
or by dissolving oxide of copf>er in hydrochloric 
a(!id. 

Sulphate of copper (C’uSo^ .5H.jO), or blue vitriol. 
as it is popularly known, is the most important silt 
of the copj3er. It has many uses. In agriculture it 
is used for dressing wheat and other seeds. The 
practice is to soak the seeds in a weak solution of 
the salt within twenty-four hours of being sown. It 
is also applied to vines, i suallyasa solution of from 
10 per cent, to 20 j>er cent. It is also applied to 
timber, and prevents rot. Sulphate of copper is 
also used in cotton printing, chiefly with potassium 
bichromate or iron mordants, and with logwood for 
black dyeing. 


It is made from metallic copper, usually scrap 
copper, which is heated in a reverberatory furnace, 
sulphur being afterwards added and the doors 
shut. After some time the doors are opened and 
the heat is increased so as to oxidise the sulphide 
with sulphate. The hot mass is withdrawn, 
immersed in sulphuric acid (diluted), and, after 
settling, is decanted, concentrated and crystallised. 

Cupric sulphide (CuS) is also used in calico 
printing for fixing aniline black. It is made in one 
way by precipitating a sulphate solution with 
sodium sulphide. 

Nitrate of copper (Cu(NO;,) 2 ) has a limited use in 
cotton printing and textile dyeing. It is made by 
dis.soIving metallic cojiper or the carbonate or 
oxide in nitric acid. 

Verdigris and Other Pigments. Acetute 
of copper is used as a pigment and in indigo dyeing 
as an oxidising agent. Verdigris^ erroneously referred 
to by many authorities as a carbonate of copper, 
is a mixture of basic copper acetates, the mono- 
basic, dibasic and tribasic acetates being present in 
different proportions in different varieties of verdi- 
gris. The varieties of verdigris are used for oil and 
water colour paints, for the manufacture of emerald 
green and other copper paints, and in dyeing and 
calico printing. Green verdigris is manufactured 
commercially by placing copper sheets for some 
weeks between cloths moistened from time to time 
with pyroligneous acid or acetic acid. The verdigris 
forms as green crystals. Blue verdigris is made 
by allowing the refuse of the wine press — consi sting 
principally of grape skins — to ferment, and by 
placing into this thin copper sheets. The copiicr 
sheets become coated with verdigris. They arc 
allowed to remain in the mixture for about two 
to three w'eeks, and are afterwards left to stand 
and subjected to occasional moistening with water 
or wine during some tw'o months. The verdigris is 
removed and squeezed into cakes. 

Emerald green to above and knowm also 
as imperial green and Schweinfurth green, is an 
acetO’Or senate of copper. It is a brilliant green of 
pleasing shade and i.s largely used. Wallpaper 
stained with this green is found to give off a peculiar 
odour wdien the wall is dam]), and this is alleged to 
be ])oisonous. This pigment is manufactured by 
mixing boiling concentrated solutions of copper 
ai’ctate and arsenious oxide. The volume is 
doubled by the addition of cold w’ater, and the 
mixture is placed in bottles or flasks filled to the 
top so that premature crystallisation may not 
occur, (iystallisation takes ]>lace gradually, and 
is not com])lete for a few days. There are other 
methods of making the ])igment, but that desi'ribed 
yields the finest product. 

Schiele's green is arsenite of copper. It was 
formerlv^in extended use but is now' of little im- 
portance. It is made by adding arsenious oxide 
to a boiling aipieous solution of potassium car- 
bonate: after filtering, this is added to an aqueous 
solution of coj)j>er sulphate and the arsenite of 
co])t)er is precipitated. 

Some basic carbonates of copper are known 
commercially as rerditer green or blue and Bremen 
green or blue. They are used chiefly for paper 
staining. Malachite is a basic carbonate. Verditcr 
is made commercially by grinding sea salt and blue 
vitriol with water and digesting the resulting paste 
in wooden boxes along with pieces of copper plates. 
When the chemical action is complete, hydrochloric 
acid is added with agitation. Caustic soda and 
w'ater follow' as an addition to the mixture, and the 
product is w'ashcd, filtered and dried. 
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AlloyA of Coppor. The most vnluable of 
the alloys of copper are those with tin and zinc, the 
tin-copper alloys forming the important family of 
the bronzes, and the zinc-copper alloys giving us 
brass, both of which we shall consider at some 
length. With gold and silver, aluminium, nickel, 
and antimony, copper also alloys well fsee pages 
">856, 5983 and 5992], but with lead and iron it is 
unsatisfactory. 

Successful alloys of copper dei>cnd greatly upon 
the absence of deleterious ingredients in the copper 
used. Cuprous oxide make-? the metal red-short 
and cold-short, and the higher the proportion of 
cuprous oxide the more pronounced are these faults. 
It also causes castings of the metal with which it may 
i>o mixed to contract considerably. Sulphur in copper 
makes blown castings ; silicon affects the ductility, 
imles the colour, and gives brittleness ; nickel and 
antimony, singly or in combination, decrease the 
malleability ; phosphorus increases the hardness 
and the fusibility. 

Ci^per Alloyed with Gold and Silver. 

The British gold coinage is an alloy of gold and 
copper [see page 5851]. The colour of a ^Id- 
copper alloy shades into red, and green gold is an 
alloy of gold, silver, and copper. Silver-copper 
alloys are hard, strong, and tough, and give out a 
cleir, })enetrating sound when struck. Copper may 
1)6 added to silver up to almost 50 per cent, of the 
alloy without changing the colour of the silver. Care 
must be taken in casting a silver-copper alloy, or 
“ liquation ” — that is. separation, may take place. 
In working articles of silver-copper, the frequent 
annealing necessary causes the copper to oxidise, 
giving the alloy a steel-grey colour. This colour is 
removed by the process of ** blanching,” so-called — 
that is, boiling the articles in dilute sulphuric acid 
( I in 40). This process dissolves the surface cop|)er 
and gives a surface of pure silver, 

Bronxe. Bronze is an alloy of copper and tin. 
It has been in use from prehistoric times, and in 
the early days it was more nearly a pure binary 
alloy than Tt became during the mediaeval ages, 
when its value was usually impaired by a percentage 
of lead. Although tin is a soft metal by itself, it 
forms a very hard metal when alloyed with copj^er. 
If bronze is to be rolled into sheets, the percentage 
ot tin must >36 small — not more than from 4 |)er cent, 
to G fjer cent. 

Most of the bronze of commerce is not a mixture 
of pure cop|>er and tin, es])eciHlly when it is mode 
with nn admixture of old bronze, w'hich usually 
contains other metals as impurities. 

A small quantity of zinc in the allov makes bronze 
castings sharp and tends to prevent blow-holes, but 
the zinc should not constitute more than 2 ]Kjr cent, 
of the whole, or the ap|3carance will tend towards 
that of brass. Lead in bronze is detrimental, 
es))ecially when the alloy is to be cast ; it increases 
the liability topxidation, and as the lead tends to 
licpmte from the bronze, the castings are unequal. 

1 ron hardens bronze and gives a whitish colour ; 
it is often introduced when the bronze is to be used 
for axle V>earings. Nickel makes bronze harder, and 
ticcreases the toughness. 

Properties of Bronxe. The colour of 
bronze may be varied within wide limits by the 
different ]>ro])ortions of the (‘onstituent metals. 
Bronze with over 90 per cent, of cop|)er is of a pure 
rod colour. As the copi)er decreases, the colour 
passes through orange yellow to pure yellow at 
85 })or cent, of copper. A copper proportion between 
50 per cent, and 35 per cent, gives a pure white 
bronze, and below this proportion the colour is steel 


grey, but as the copper becomes very low, the white 
colour reappears. 

Tin reduces the ductility of bronze very much, and 
as low a mroentage as 15 makes it impossible to 
hammer the alloy without fracture, even when it is 
hot The maximum hardness of pure bronze is 
when it is made of 72*8 per cent, of copper and 27*2 
per cent, of tin. As the tin increases above this 
proportion, the hardness diminishes, until, when the 
tin is two- thirds of the whole, the alloy is as soft as 
pure copper. Bronze, very rich in copper, is made 
very hani and very brittle by repeated forging. 
Cooling red-hot bronze rapidly makes it much less 
brittle and less dense, so that bronze bells rapidly 
cooled are deepened in tone. The higher the pro- 
portion of coi)per in bronze the higher is the point 
of fusion. Thus, bronze with 95 per cent, of copper 
melts at 2,520*^ R, while, when the copper is only 
80 per cent., the melting point is only 1,808° F. 

Bronxe for Various Purposes. The 

general rules which should guide in the manufacture 
of bronze for various purposes have been given, but 
we may tabulate common formula of bronzes for 
various industrial purposes : 


COMPOSITION OF BRONZES 


Porpooe. 


Rail waggon axles 
Piston rings 
Stamped articles 
Small castings . . 

Cocks 

Steam whistles 


j Copper. I Tin. 1 Zluc. 

j 75 i 20 
I 84 2-9 I 

64 5*5 ‘ 30-5 

94 60 

88 10 2 

80 17 2 


4 3 


Articles to be hard soldered 


! f 1 part an* 
, \ timony. 


To resist atmospheric action . . 7 

Speculum for telescopes . . . . 66*6 133-3 

Very tough 32 i 3 1 

Valves and fittings (Admiralty 

mixture) 90 )10 2*6 

Soft gun metal 1 

Gun metal for casting . . . . | 

Maximum hardness for bearing, 

metal ! 6 

Bell metal i 4 

Ordnance metal 916 


For bronze statuary, the composition of the alloy 
depends upon the colour desired. The following 
proportions are recommended by Brannt to give the 
shades indicated : 


COMPOSITION OF STATUE BRONZES 


; copp«T. 

Till. 

Zinc 

Red yellow 

! 84*42 

4*30 

11*28 

Orange-red 

83*05 

3*92 

13*03 

Orange yellow 1 

81 

4 

15 

Pale orange 

73 

4 

23 

Pale yellow 

70 

3 

27 

Another authority states that the 

best 

statue 


bronze has the following composition : copper, 78*5 
per cent. ; tin, 2*9 per cent. ; zinc, 17*2 yicr cent. ; 
and lead, 1*4 per cent. If the proportion of zinc 
be too high in a statue bronze, the object loses the 
warm colour desired in statues, and when the zinc 
is too high the natural green tone, termed genuine 
patina, which a statue of the proper composition 

t ains from exposure to the air, is not acquired, 
ut one shading into black. 

In making allovs into which tin enters, it is usual 
to put in one-half of 1 per cent, more tin than the 
ffnal alloy is desired to carry, this quantity being- 
lost by oxidation during the period of fusion. 
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Bell Metal. Bell metal in a variety of bronze, 
aH it is essentially a copper-tin alloy. Occasionally, 
other metals are introduced in order to modify the 
tone. Common cheap bells are frequently made of 
brass or of steel. The low-priced bicycle bells are 
of this order, but gongs and house bells, clock bells, 
and sleigh bells, tower and church bells, are made 
from the bronze alloy known for centuries as bell 
metal. We refer under Manganese Bronze [see 
below] to claims for that alloy as a material for 
bells. It was formerly considered that a small 
percentage of silver improved the tone of a bell, 
out this view is no longer held, and the use of silver 
in bells is now dist^a^ed. The usual bell metal 
cont>ains about 20 per cent, to 25 i)er cent, of tin. 
The following table gives the recognised formiilie 
for some bell metals. 


COMPOSITION OF BELL METALS 



1 CopIKT. j 

Til. 

Silver. Lewi. 

House bellB . . 

80 

20 


Do. amaller 

75 

25 


Small liand bells 

40 

60 i 

1-44 1 

French clock bells 

72 

26-56 

German do. . . 

73 

24*3 i 

SwIbh do. 

74-5 

25 i 

0-5 

Sleigh bells . . 

84-5 

15-4 ! 


itongs 

82 

IS 1 


White table bells 

17 

80 i 



A good boll metal is grey white in colour. In 
practice, the fracture determines the qiialitv of the 
jnetal for the bell founder. If too coarse, tlie alloy 
must be made richer in tin ; and if too fine, the tin is 
already too high, and copper must be added. Bells 
made from metals that have been frequently melted 
arc not pure toned, this being caused by the oxide 
solution which has come into the alloy. But the 
art of the l)ell-founder embraces more than merely 
making a suittihle alloy. The size, shape, and 
diameter of a bell, and the relation of its height to 
its diameter, have much to do with the sound that 
it gives out. Small bells are often cast in iron 
moulds, but large ones arc always cast in the sand. 

Phosphor Bronxe. Phosphor bronze possesses 
very great strength, and can l)e rolled and ham- 
mered in a cold state. The name would indicate 
that it is a bronze carrying u certain percentage 
of phosphorus, but it is not always so. A more 
appropriate name would be deoxidised bronze. 
Phosphorus is used in the preparation of bronze, 
although the final metal may contain no ])hosphorus. 
Copper usually contains cuprous oxide in solution, 
and this oxide reduces the strength of any alloy 
made from cop|X)r conUining it. By the introduc- 
tion of phosphorus when the alloy is in a state of 
fusion, a complete reduction of the cuprous oxide 
is effected. The quantity of phosphorus can l>e 
gauged accurately in accordance with the cuprous 
oxide present in the metal. No phosphorus may 
remain in the alloy. A practice in making ]>ho8f>hor 
bronze is to introduce the phosphorus as phosphor 
copper or phosphor tin, or sometimes as both, 
these alloys having been jirepared beforehand. 
To make phosphor copper heat four parts of sujwr- 
phosphate of lime, two parts of granulated copiior. 
and one ])art of finely powdered coal in a crucible. 
Phosphor copper with 14 per cent, of copper will 
separate at the bottom of the crucible. Phosphor 
tin may be made by heating together three jiarts 
of anhydrous phosphoric acid, one part of carbon, and 
six parts of tin. Then, to make the ])hoRphor bronze, 
10 ounces to 12 ounces of this phosphor bronze or 
phosphor tin is added to each cwt. of molten 


bronze. The field of phosphor bronze is in articles 
such as hydraulic presses and propeller blades, 
where great strength is required. Sometimes lead 
or aluminium is introduced into phosphor bronze for 
specific purposes. 

Silicon Bronxe. Silicon bronze, which is an 
alloy of copper, tin, and silicon, or of copper and 
silicon only, has very high tensile strength, and has 
been much used for telegraph and telephone wires. 
Such wires have been erected with stretches of 
1,000 ft. wUh no intermediate supports. Phosphor 
bronze has, however, largely taken its place. A 
formula recommended for silicon bronze specifies 
copficr 97*12 per cent., tin 1*14 per cent., zinc 1*10; 
and silicon 0*05 per cent. The tensile strength of 
this alloy is said to be fiOO lb. for 0*001 square inch 
section. Silicon bronze owes its projwties to the 
fact that silicon, while reducing the cuprous oxide 
in the copi>er just as phosphorus docs, seems to 
have a greater affinity for the copf3er than phos- 
phorus has. 

Manganese Bronxe. Mmiganese bronze is, 
pro]Kirly, not a bronze at all, but a brass ; vet, on 
account of its name, we refer to it here. The fol- 
lowing mixture is frequently used : copper 51 per 
cent., manganese copper (containing 20 per cent, of 
manganese and 8 per cent, of zinc) 40 per cent., 
and aluminium 1 i^er cent. The manganese copper, 
besides containing manganese, usually contains 
from 2 per cent, to 4 jier cent, of iron. Manganese 
bronze possesses very high tensile strength. Th ' 
alloy of the composition given above has a tensile 
strength of 30 tons per square inch and an elonga- 
tion of 20 |)er cent. A higher percentage of zinc 
increases the hardness and tensile strength and 
diminishes the elongation, while a lower percentage 
has the opposite effect. The sphere of manganese 
bronze is in the manufacture of ordnance, propellers, 
pinions, and l>earings, where its qualities make it 
desirable. AvS the tin constituent in the true bronze 
alloys is replaced by the cheaper zinc in manganese 
bronze, it is cheaper than the other si>ecial bronzes 
without showing inferior qualities as a 8f)ccial 
metal. 

Manganese bronze finds some use as a bell metal 
instead of the usual copper and tin alloy generally 
used for the pur^wse. The advantages claimed 
by the advocates of manganese bronze for this 
purpose art* that in comparison with the older 
composition it is more sonorous, has a mellower 
tone, and is not liable to be cracked. The usual 
bell metal is made very hard and brittle in order 
to improve the quality of the tone. 

Aluminium Bronxe. Aluminium bronze 
is an alloy of copi)er and aluminium, and con- 
tains no tin, hence the use of the word bronze 
is noi quite accurate, although it has come to 
be accepted. The content in aluminium is never 
usefully higher than 10 f>er cent., but even up to 
this modest proportion colour and physical 
pro|>erties vary a good deal. With 5 j>er cent, of 
aluminium the colour is golden, at 7^ per cent, it 
partakes of a green-gold hue, and at 10 per cent, it 
is a bright golden colour. These alloys have great 
tensile strength, are exceedingly malleable in both 
the hot and the cold states, give sharp, clean 
casting, and admit a fine polish. 1'hc highest 
qualities of aluminium bronze are brought out by 
remelting it three or four times, and its strength 
may be further increased by hammering so that it 
may be made equal to steel. In casting aluminium 
bronze experience is necessary to good work. Its 
shrinkage is about twice as much as that of brass 
[see also page 5992]. 
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Aluminium Arass. Aluminium brass is 
properly so termed, being an alloy of copper, 
zinc, and aluminium. Here also the percentage 
of aluminium is invariably low ; if it be hiffher 
than 15 per cent, the alloy becomes red-snort 
and hard. An alloy containing 60 parts of 
copper, 30 parts of zinc, and 2 parts of aluminium 
can be worked mechanically by ]X)lling, stamping, 
or forging, and has a valuable use for cartridge 
shells. Decause the aluminium imparts the property 
of resisting corrosion by the gases of«the powder. 
It has been claimed that aluminium brass with 
from 1 per cent, to 3 per cent, of aluminium has 
much similar properties to aluminium bronze with 
from 6 per cent, to 10 per cent, of aluminium, and, 
of course, it is much the cheaper ; but we question 
the evidence for this claim. Certainly aluminium 
brass is heavier and oxidises more easily. But 
the aluminium and zinc seem to form an intimate 
combination, and to develop properties even superior 
to the aluminium-copper alloys. The field for 
aluminium brass is in machinery parts and fittings 
in which exceptional strength is desired, such as 
valve seats, hydraulic and mining machinery, and 
propellers. 

HronM Powders. Most of the bronze 
powders used to coat metal, paper, wood, and 
other materials are made in Austria. A large 
number of different shades are procurable. Zinc 
and not tin is alloyed with copper to form the 
material from which they are made, so that the term 
bronze is te^^hnically incorrect. Powders which in- 
cline to white in colour have a high zinc content, 
and those that incline to red are high in copper. 

Brannt gives the following compositions for some 
representative colours : 

ALLOYS FOR BRONZE POWDERS 


Yellow .. 
Pale green 
Lemon 
Copper red 
Orange 
Pale yellow 
Criiu£K)n . , 


Copper. j 

Zinc. 



16-09 

0-16 

«4*82 

15-02 

0-63 

84-50 

U9-90 

15-30 

0-07 

1W-93 

0-73 


90-00 

9-00 


98-22 

0-50 



All the variety of shades are not, however, 
obtained by varying the comj^osition of the alloy 
so much as by heating the alloy (after it has been 
finely pulverised), until a layer of oxide of the 
desired shade surrounds each individual particle. 

In making the bronze powders the alloy is beaten 
injto fine leaves by power hammers. These leaves 
are then forced through a fine sieve with the 
assistance of a scratch brush, oil being added at 
the same time, and the oil and powder passes 
through a grinding machine, which consists of one 
steel plate mounted with fine needles having blunt 
points revolving against another steel plate. The 
metal is here reduced to a very fine powder, and 
the oil is removed, first by putting the mass into 
water, where the oil floats off, and then by pressure. 

Brass. Although the alloys of copper and tin 
— the bronzes — can claim antiquity, the alloys of 
cop|>er and zinc, generally known as brass, can 
claim a much wider use industrially. Brass is 
properly a binary alloy, and should contain only 
copper and zinc; but pure brass is seldom made. 
The alloy is usually associated with tin, iron, lead 
and arsenic, those metals sometimes being present 
as impurities in one or both of the constituent 
metals, and sometimes again being added so as to 
modify the properties of the alloy. The two metals, 
copj)er and zinc, alloy within very wide limits. 


The higher the percentage of copper the more 
does the colour of the alloy tend towards gold, 
and copper also increases the softness and the 
malleability. As the proportion of zinc increases 
the colour becomes paler until it is a pale grey, and 
zinc increases the brittleness, hardness, and fusi- 
bility. A proportion of zinc up to 7 per cent, does 
not change the colour of the copper to an appreciable 
extent, but when the proportion comes above this 
quantity the tone is red-yellow. Then at 14 per 
cent, the colour has modified into pure yellow, and 
above 16 per cent, it goes into a mixed yellow, while 
at over 30 per cent, the red colour returns, and is 
at about its maximum when the two inettds are 
present in equal proportion. As the zinc exceeds 
50 per cent, the colour rapidly pales, passing 
through reddish white at 53 per cent., yellowish 
white at 56 per cent., bluish white at 64 per cent., 
and into lead colour as the zinc exceeds this limit. 

Colours of Brass. The various phases 
through which the colour of brass passes as the 
proportions of the constituent metals vary may be 
given in the form of a 

COLOrRH OK BRASS 


Coiiipwiition. 



; C<»pi>er. 

; Zinc. 


; Percent. 

Percent. 

Red 

95 

5 

Reddish brown 

90 

1 10 

lied -yellow 

86 

i 

Reddish yellow 

80 

1 20 

Light yellow 

75 

25 

Yellow 

70 

30 

Dark yellow 

. . . . . 65 

35 

Reddish yellow . . . . 

60 

40 

Golden yellow 

60 

50 

Light grey 

40 

60 

Lead grey 

20 

70 

Darker lead grey 

( 20 

1 

80 

90 


The physical proix^rties of brass, other than 
colour, are also much influenced by the proportions 
of the metals alloyed. A small proportion of zinc 
increases the fusibility without affecting the 
hardness ; a high proportion increases the malle- 
ability when cold, but makes forging when hoi 
imfK>8siblc. Lead causes brittleness if it be present 
in brass in large quantities, but small quantities 
increase the ductility, making it better for turning 
and filing. A small proportion of phosphorus 
makes sounder brass castings, by increasing the 
fluidity and tenacity, and helps the alloy to resist 
atmospheric action. It also permits of tempering 
to some extent. The com|K)8ition of commercial 
brass for many specific purposes is given in the 
following table (see also table of bronzes on })age 
ii30SJ. 


COMPOSITION OF BRASS 


Purp<wc, 


Copper. : Zinc. I Tin. I l.ead. 


Gas fittings 

Sheet brass for stamping and 

turning 

Brass wire 

Boft brass for hamnkering 
Tough brass for engine work 
Brass for soldering . . 
Sheathing brass 
Nails for sheathing 
Yellow brass 
White brass 
Red brass 

Brass for forging hot 
Pinchbeck 
Tombac . . 


40 

20 

8 

1 

67 : 

33 


3 

100 1 
8 

15 

3 

2 

87 

4 

2 

1 

10 

80 

16 

2 

83 

25 

88 i 

12 

86 j 

14 
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The common quality of brass used in the foundry 
is termed in the trade ash metal. This is a general 
mixture suitable for cheap work, and is very wide 
in its quality. It is made by melting together 
scrap brass, borings and iilitigs, sweepings and 
skimmings. These materials are riddled so as to 
free them from unnecessary dirt, and are washed, 
melted, and poured into ingots so as to be ready for 
use. i^melting improves brass, although there is 
loss of weight in any remelting, so that to remelt 
brass is more expensive than the merer cost of fuel 
and labour which it entails. 

Standard ydlaw brans, so called, is an alloy con- 
taining two parts of copj^r to one part of brass. It 
is common to use thia mixture already made 
ns an ingredient in brass mixtures for casting, 
particularly for red metal, it is called. A cheap 
red metal is made by alloying 36 parts of yellow 
brass (standard) with 40 parts of copper, 14 parts of 
lead, and 4 parts of tin. For highly j3olished red 
metal plumbers’ fittings a common formula is 

4 parts yellow brass, 10 parts copfier, and one part 
each of lead and tin. For red metal to stand 
riveting the proportions of lead and of yellow brass 
are usually increased and the proportion of tin 
lowered. Thus, a good formula frequently follow'cd 
takes 20 parts of yellow brass, 00 parts of copper, 

5 parts of lead, and 3 parts of tin. 

Braxing Metal. For the cofipersmith the 
most commonly used alloy of copjier is called 
hrazing meUd. Whatever may be the composition of 
the brazing metal — and this de{)ends upon its pur- 
]X)8e — it is always desired to retain to a great extent 
the malleability, fusibility, and colour of copper. If 
the zinc be higher than 20 per cent, of the alloy 
the red colour of copjx^r is replaced by the yellow 
colour of brass. The chief use of brazing metal is in 
the manufacture of tubes [see page 0325]. Brazing 
metal may be made from copijer and zinc only, but 
very small additions of lead and tin make the alloy 
more easily w'orked in the sheet. A common mixture 
is eight parts of cop|)er to from one to two parts 
of zinc. The best qualities have only 0 |>er cent, 
of zinc. Sometimes 2 fier cent, of aluminium is 
incorporated, and is, indeed, siiecilied in some 
Government work, but although tul>es made to 
this formula give a more rigid joint than ordinary 
brazing metal, the aluminium makes the alloy leas 
easy to work. A sj)ecial article on engineers’ cop|)er- 
smi thing apjiears on page 3884 and the following 
pages. 

German Silver. Carman silver is brass with 
a proportion of nickel, the amount of which ranges 
from 15 j)er cent, to 25 |ier cent, according to the 
quality of the alloy. A formula frequently used 
proscribes three parts of cooper to one part each of 
zinc and nu^kel. German silver ought to be of silver 
whiteness and almost untnmishable if made from 
pure metals, but the presence of impurities such as 
arsenic and antimony in the constituent metals 
detracts from this result. A small proportion of 
tin — up to 3 ]icr cent. — permits German silver to 
take on a high polisli; lead or manganese in a 
similar proportion increases the fluidity and gives 
good castings, while iron increases the hardness and 
helps the whiteness. The usual method of making 
German silver is to make an alloy of nickel and 
copper, and another alloy of nickell and zinc, the 
latter being added to the former while both are 
in the molten state [see also page D983J. 

Copper Amalgam. Copper amalgam is an 
alloy of copper and mercury : it has a wide field of 
industrial use. Its chief sphere is in the rec’overy of 
gold from the crushed quartz by the use of amalga- 


mated cop{>cr plates [see page 5847]. The alloy is 
not obtained by the direct method — that is, by 
uniting the fused metals. There are several methods 
of preparing copper amalgam, and we may notice one 
of them. Zinc strips are immersed in a sulphate of 
copper solution and shaken vigorously. The copper, 
which deposits as a fine powder, is washed and 
triturated with a solution of nitrate of mercury. 
Hot water is poured on the copper, and mercury 
(seven parts to three of the zinc) is added. The 
mass is kneaded into combination, and a longer 
kneading makes it more intimate. Then the water 
is discai^ed, and the paste remaining can be shaped 
to any desired form. Copper amalgam has the curious 
property of becoming soft when placed in boiling 
water. It is also used to a limited extent in cementing 
metals together. The metals to be joined must be 
heated to just under 200^ F., after which the 
amalgam, usually in the shape of wire, is applied 
and the parts pressed together. 

Manufacture of Braaa. The earliest 
method of manufacturing brass was to fuse copper 
with zinc-bearing ores, usually calamine [see page 
6166]. The results of this method were by no means 
uniform, owing to the varying properties of the ores 
used, even with ores from the same bed. Thu.s, as 
with all rule-of-thumb methods, the men who 
practised this method had to be expert in their 
judgment, able to tell by colour and fracture that 
the desired point in alloying had been reached. 
This method has not yet quite disappeared, but it 
has almost done so, and its death knell has long 
sounded in the best modem practice. 

The present day practice of the brass-founder is 
to heat the metals in crucibles placed in furnaces. 
Many attempts have been made to dispense with 
the need for crucibles in brass making, but all 
attempts to luse the metals direct in special fiir- 
na<*es have been unsatisfactory and have resulted 
in a return to the crucible. The types of furnace 
vary with the kind of fuel used, and with the size 
and regularity of the output. We may consider a 
furnace of small size heated with coke, and taking 
one crucible, capable of making about 80 lb. of brass. 
The turiiace is about 28 in. deep with a horizontal 
section about 15 in. square. The chimney must be 
not less than 15 ft. high, and is usually 10 in. 
square, the flue connecting it with the furnace being, 
say, 7 in. by 10 in. The crucible rests on a firebrick 
placed on the firebars. It is heated, usually, by 
neing placed upside down in the furnace. Then it is 
placed upright and packed around outside with 
coke. Tiie copper and zinc have meantime been 
weighed in their proper proportions, but not mixed. 
The cop|)er, in small pieces, is placed in the hot 
crucible and melted. Then the zinc, or spelter, 
broken into small pieces and warmed, is added 
gradually and stirred. Zinc volatilises, so that the 
proportion of zinc in the final allo}' is never so high 
as it was in the w'oighed metal. Every time brass is 
remelted the zinc content becomes less. The brass- 
maker allows for this loss by using more zinc, in a 
definite proportion, than he wishes the alloy to show. 
As the metals fuse, the surtace is sprinkled with 
powdered charcoal, borax, or broken glass, so as to 
prevent oxidation. After all the zinc has been melted 
the crucible is covered over for a few minutes before 
being jwured. If part of the charge is old brass, this 
is melted first, then the copper is added, and when 
the latter is fused the zinc is put in as already 
described. 

Brass Furnaces. There are many so-called 
improved furnaces, each with specific claims to merit, 
offered for the use of brass founders, but the 
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common furnace has too strong a hold to be easily 
displaced. Tendencies during recent years have 
been towards liquid fuel instead of hard coke, 
and the value of many patent furnaces offered 
has consisted in their ability to utilise cheap oils as 
fuel. Gas is also used for brass melting, and may be 
the most economical fuel with a very small plant 
and where the work is intermittent. 

Patterns for Brass Castings. Patterns 
have been discussed at some length in previous 
articles [see pages 2337 and 2453 J, and the general 
remarks and instructions there given apply to brasa. 
The small size of most brass castings causes the use 
of metal patterns to a far greater extent than for iron 
castings. Metal patterns, generally, give cleaner 
castings than wood patterns, and brass castings often 
carry some finely-cut ornamentation for which 
wooQ would he unsuitable as a material upon which 
to work. Metal patterns for brasswork are usually 
made of brass, primarily because it is more con- 
venient to make them of brass in a brass foundry, 
and also because brass patterns require no pre- 
liminary preparation such as rusting and varnishing 
as iron patterns do, an application of a black-lead 
brush being all the treatment required. 

Moulds for Casting Brass. The con- 
dition of the sand is of great importance in brass 
<*asting. If> the moulds are made of loam they must 
be thoroughly dried before use. Good moulding 
sand is better than loam, however. If the sand is 
too meagre it will give a rough surface, occasioning 
labour and expense in finishing. The addition 
of a little flour yiaste to the sand will obviate this 
trouble, and if the sand Ije too fat,” the addition 
of powdered charcoal will prevent bad effects. The 
]>ouring temperature must be carefully gauged. If 
the metal is not hot enough, sharp castings cannot 
be secured; and if it is too hot, jwrous cas’ting.s will 
result, and there will be loss of zinc by oxidation. 
Casting from the bottom is desirable as thereby the 
air cannot rise through the casting and cause blow- 
holes. 

Brass ■ founding. In brass- founding, the 
ordinary iron-founding practice is followed [see page 
2H62J, hut there are a few points where variation 
is required. The contraction of brass in cooling is 
greater than that of iron, therefore the patterns 
have to bear a different relation to the work. 
Small castings of brass — say, under 12 in. long — 
shrink J in. in each foot, and over this size the con- 
traction is in. Brass sets more quickly than iron, 
therefore the molten metal must reach home more 
<juickly, and to secure this the gates and runners 
are usually made larger. The sand used for brass is 
generally more porous than it is for iron, and there 
is not so much venting. Much brass work is poured 
through the ends of the mould boxes instead of by 
the top, the boxes in the end pouring being made 
to he at an angle in a trough, the object being that 
spilt metal may be recovered from the trough 
instead of being lost in the sand. Vertical pouring, 
which is common with iron castings, is infrequent 
with brass, there being less risk of scabbing and of 
blow- holes in the latter case. 

Casting Bronxe on to Iron. Sometimes 
it is desirable that a piece of me<'hani8m should be 
of iron or steel inside and of brass or bronze outside. 
We may take as a typical instance of such work 
the pump plunger, which may be wanted with an 
iron or steel centre and with the working j)art of 
bronze which will withstand corrosion. The bronze 
jmH could be cast separately and fitted on, but 
this method entails much labour and expense. A 
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made by casting the bronze upon the iron as a 
centre if proper precautions be taken. Brass or 
bronze oast upon iron is more or less spongy or 
porous, and would, in most cases, be unsatisfactory 
as the working surface of a piece of meohanism. 
The method of overcoming this objection is by 
casting upon the iron or steel a layer of brass or 
bronze only half of the desired ultimate thickness of 
the brass or bronze. The centre, of iron and steel, 
should for preference be tinned, as the copper 
alloy will unite with the tin easily, but tinning is 
not essential. Its absence may cause a little 
sputtering as the metal is poured, but it will give 
as good a result as when tinning is practised. If 
the iron or steel be not tinned, it should be cleaned 
and polished. In casting, this iron or steel is used 
as a core, and the porous coating of brass or bronze 
forms a good surface upon which to cast a second 
and final layer of brass or bronze, which will not 
in this case have the tendency to be sjjongy. 
The second poiu*ing is made when the first cast 
is cold and when, m course, the second mould has 
been prepared for it. The second cast should be 
given under a good head of metal so as to get a 
good dense casting. The two castings of brass or 
bronze should unite solid, and can be machined ia 
the usual way for the finished mechanism. 

Modelling. In brass castings, esf^cially 
those of an ornamental nature, modelling in clay 
is practised in the ])reparation of patterns to a 
considerable extent. The clay model is reproduced 
in plaster of Paris, and from the latter tin sections 
are cast, or rather sections made with an alloy of 
three parts of lead to one part of tin. These 
sections, when built up together, form the working 
))attern for the moulder. Modelling is used in orna- 
mental ironwork also, but we give it an extended 
notice in this section on account of its application 
in the brass foundry and because most textbooks 
neglect it. 

Modelling is chielly suitable for light and orna- 
mental castings. The actual task of modelling in 
clay is the work where, more than in any other 
which falls to his lot. the workman may give 
expression to any artistic feeling he may possess. 
The general work of clay modelling has been 
discussed in another course (see pages 13f9 and 
1532], and the technical details there given permit 
us to be brief upon that part of the subject. The 
clay must be soft and pliable. It is prepared by 
grinding, and all stones and grit are removed. 
The tools necessary are few and simple. The most 
im^rtont are the ten fingers of the workman, 
and he supplements these by a few boxwood 
modelling tools and fioats. The chief work is done 
with the fingers, which press and knead the clay into 
the form desired. The tools are used to impart 
the finer lines, to remove any excess of material, 
and generally to give the finishing touches. The 
work is nearly always in low relief, as high relief 
would be im|K>8sible without undercutting, which 
would not allow the finished article to leave the 
mould. 

The work is usually done on a modelling board, 
stiffened at the back and coated on its surfac;e with 
a few applications of shellac varnish. Thus the 
moisture of the clay does not penetrate into the 
board. This board is placed on trestles or on a 
bench, and the clay is placed on it and manipulated 
as already statea,' tne operator working to his 
drawing. If the work cannot be competed at 
one sitting, a damp cloth thrown over the clay will 
cause it to remam soft and pliable. The work 
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after which it is removed from the board, which 
may be helped by pulling a piece of thin wire 
right down the boara, meantime holding it across 
the full width of the board under the clay. If the 
impression of the clay model is to be taken in 
plaster of Paris, this is generally done before the 
clay leaves the board. The tin alloy pattern is 
oast from the clay on the plaster of Paris counter- 
part in the ordinary way, and the material, while 
hard enough for ordinary handling, is pliable enough 
to be bent and modified in shape and to have the 
ornamentation cut or deepened with ease and 
good result. 

Brass Burning. In casting brass, it may be 
that the casting desired is too large for the capacity 
of the crucibles or of the furnace. The difficulty 
is overcome by burning or autogenous soldering 
[see following article]. The process consists in 
making the full-sized casting in two or more pieces ; 
then, by placing these in their proper positions in 
a sand mould and by pouring molten brass so that 
it ftows around the surfaces it is desired to join, a 
homogeneous casting as strong as if it had been 
cast in one jjiece is obtained. In preparing the. 
brass castings for burning, the surfaces where the 
join is to take place are filed or scraped, so as to 
free thorn from scale. It is desirable that the new 
metal should be hot, therefore an excess of metal 
is allowed, the first part of the pouring flowing out 
through a gate and heating the surfaces as they 
pass over them ; then the metal that remains 
finally comes upon the heated surfaces and the 
union is made. 

Plate Brass. Brass which has to be subse- 
<juently rolled intp sheets or cut into strips to be 
drawn into wire [see page 5171] must retain its 
ductility, hence special piecautions are necessary in 
casting the thin plates which are to be subject to 
this special treatment. Sometimes iron moulds 
have oeen tried, but have never had extended 
favour due to the fact that the brass cools off too 
rapidly, although this defect might be overcome by 
heating the moulds before casting, and by allowing 
them to cool off gradually by the application of 
external heat. 

In many places loam moulds and sand moulds arc 
used, but granite moulds arc also in extended use, 
and give good results if properly manipulated. A 
granite mould is made of two granite slabs, the low'cr 
one a little wider than the upper. Both have an 
even coating of clay covered with cow dung, and are 
kept at the proper distance apart by iron bars placed 
l)etween them at their ends. The slabs are bound 
together with iron bands. Their normal position for 
(louring is at an angle of 46^^ from the horizontal, 
and as soon as the poured plate has solidified, it is 
removed and another poured, so that the mould 
remains warm. The plates removed from the mould 
are cleaned with wire brushes. Then they are rolled 
and sometimes hammered. Sometimes they arc 
rolled hot only, and sometimes the hot rolling is 
finished by cold rolling. This depends upon the 
nature of the brass. The composition maybe capable 
of extension by rolling only if hot. Between each 
rolling the sheets ore annealed to give back the 
ductility which the previous rolling has taken from 
them, and before passing between the rolls they are 
coated with oil. If the final sheet bo required soft, 
the last process is one of heating and quenching in 
water, while if a hard sheet be required, this heating 
is omitted. 

The sheet at this stage does not resemble brass. It 
is block, and must be pickled — that is, dipped into a 
bath made of water with 10 percent, of sulphuric acid. 


This may complete the preparation for the market, 
or another bath of nitric acid in water or a mixture 
of nitric and sulphuric acids in water may be given. 
Nitric acid dissolves zinc more quickly than it 
dissolves copper, so that a sheet that has come 
from a nitric acid bath has a surface richer in 
copper than the body of the sheet ; hence a redder 
shade of brass. 

Casting Bronse Statues. France is the 
headquarters of statue-founding in bronze. In that 
country the appliances and methods are the best, 
and the results unexcelled, and seldom equalled. 
The old process of statue-founding was by w'hat is 
known as the cire perdu process [ see pages 1074 and 
5526], and this is still practised. By this process a 
rough model of the object is first made in sand or 
jwrous cement, and this is coated with wax to the same 
thickness as the metal which is to form the statue. 
Then the artist works upon this wax surface, giving 
the final form by delicate touches. Then several 
pieces of wire are pushed through the wax into the 
core. Now the wax is carefully coated with liquid 
sand, and is placed in an iron frame, which is filled 
11 }) with sand. The frame is taken to a warm place, 
where the moisture escapes from the sand, whicJi 
becomes firm. Holes are now })ierced through to the 
wax coating, and the frame is then placed in a hot 
oven, where the wax melts and runs out, leaving the 
core supported in position by the wii'es which were 
inserted for the purjiose. Bronze is now }xuircd in 
by the holes through which the w^ax e8cai>ed, and the 
statue is cast. If this process produce a (lerfect 
statue, all is veil, but tnis result is by no means 
certain. The oj)cration is delicate, flaws are fre- 
quent, and if the statue be inqierfect, the work of tlie 
artist has gone for nothing, because his wax model 
has been destroyed in the })rocess. For this reason 
the cire perdu process has been superseded in the best 
French practice by a less risky })roccss, which leaves 
the worK of the artist uninjured if the casting be 
bad, so that subsequent attempts may be made 
without the necessity of beginning the work again 
de novo. 

Piece Moulding. By this newer method 
the sculptor makes his design in })laster, and the 
rest of the work is mechanical, albeit demanding 
a high degree of skill on the i»art of the founder. 
The })la8ter statue is placed in a bed of sand, so 
that it may rest solid and still be comparatively 
safe from injury. Then the moulder Ix'gins the 
0 |jeration of piece moulding, so-called. Selecting 
a small section of the statue, he presses sand into 
every crevice in it, and obtains thereby a mould 
giving an exact impression of that* section to 
which he has been devoting attention. He does the 
same with another section of the statue, and so on 
untH he has the whole surface of the plaster statue 
impressed ii]K>n the several moulds that he has 
made. The i)laster statue itself may now be put 
aside, and may not again be required. The small 
im}n*ession8 that have been taken in sand are care- 
fully fitted together in their proper places in the 
mould-box — a task requiring high skill. A rough 
facsimile is now made, a little smaller than the 
original statue, and this does duty as a core, the 
space between the two faces representing the 
thickness of metal of which the statue is to be. 
The mould and core are then dried in an oven to 
remove moisture, and to harden the sand. Vents 
and runners are made, and when all is ready the 
casting is poured. Should it be faulty for any reason 
thf> operation must be repeated ; but this is not the 
serious matter it is by the cire perdu process, because 
the plaster statue remains upon which to work. 
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In Bt^ituc-founding great care is taken in selecting 
tlio met»i1. Colour and homogeneity depend upon the 
bronze alloy, and no metal of which the exact com* 

I Kwition is not know is allowed to enter. No old 
)rass and copper are used, and the ingot cop^K'r 
employed is usually purified by liquation before the 
actual process of founding. Good work is possible 
only by having a highly-nnished mould capable of 
producing a sharp casting which will require only 
very little chasing. The sand employed is also 
irn}>ortant. It must be carefully selected ; it is 
usually blended to suit the nature of the work in 
hand, and is then passed between cast-iron rollers 
to give it uniformity. The moulding boxes must 
be accurately fitted, and their edges are usually 
planed. 

Dressing Castings. Castings which come 
from the mould must be drenffcd or fettled before being 
ready for the more delicate operations of finishing. 
The nature of the dressing depends upon the metal 
under consideration, the perfection or rather im})er- 
fcotion of the casting, and u)K)n the subsequent 
finishing ])roceasea, if any. to which it is going to be 
made subject. The })rocesses of dressing castings 
are similar whatever metal may be employed, and 
w’e shall describe briefly the appliances usetl, having 
8iK*cial regard to the fact that we are considering 
castings of brass and bronze. 

The usual extraneous metal u|K)n a ca.sting as it 
emerges from the sand takes the form of ragge<l 
edges, fins and spurs. Cores are removed from 
castings usually in the foundry, and if they be large 
this is usually done before the casting is quite cold. 
A casting is trimmed, the first process entailing the 
removal of prominent spurs, by being chipped, by the 
hammer only, or, if necessary, with the a.ssistance 
of a cold chisel. Sometimes pneumatic hammers 
(see page 5455] are used. Then fins, which are not 
sufficiently prominent to be properly removed by 
this means, are rubbed, generally with old files, which 
have served their first usefulness in the fitting or 
machine shop. Sometimes cast-iron files are used. 
For brass there are not the same reasons of economy 
for the use of old files, and good files may beem- 
ployetl, the bras.s being softer. Then the castings 
are usually ground. Grindstone.s used to be employed, 
but the better practice is to use emery wheels (see 
page r)2l(>]. They are better than grindstones. 
They should not be forced ” — that is, the w'ork 
should not be pressed against them with too gi’eat 
force, as this is bad for l)oth the work and the tool. 
For large castings, which cannot be moved about over 
the periphery of the wheel, an emery w heel fitted to 
the end of a flexible driving shaft may Ik* used. It 
can be applied to any accessible part of a stationary 
casting, but brass castings are seldom of so large siw 
as to demand treatment by this method. But a 
wire brush mounU*d upon a flexible shaft in this 
manner is often used, and is valuable as an instru- 
ment for removing adhering sand. 

Another process often employed for small casting 
is that of rumbling ” — that is, placing them in a 
cylindrical chaml>er which is made to revolve ujmn 
a horizontal axis. As this process wears the eelges 
chiefly, it is not suitable for small castings of an 
ornamental nature. We have seen a similar process 
in pin manufacture (page 5171], and in tinning 
f page 0164]. iSharp sand, small star-shajK^d castings. 


known as “ stars,” and sometimes sawdust are 
placed inside the rumbling cylinders, and made to 
revolve with the castings under treatment. But i>er* 
haps the best method of cleaning cast surfaces is by 
a sand blast machine. This ingenious invention-— 
similar to that used for decorating glass [see page 
4932]— is a vessel in which a supply of sand is con- 
tain^ in a chamber with an aperture at the bottom, 
this aperture being capable of regulation as to size and 
as a thin stream of sand falls through the aj>erture 
it encoimters an air blast — usually of from 5 lb. to 
15 lb. per square inch — which carries it through a 
flexible tube to a nozzle, whence it is blown upon the 
surface of the casting. The workman guides the 
nozzle, and its value over the tumbling process 
already described is that the work can be directed 
to the points where it is most required, and not 
to prominent points only. 


Brass Spinning. The die press and the draw 
press have modiflod the practice of working sheet 
metals considerably, not only by doing away with 
the need for much of the hand or “ i)iece work 
formerly undertaken, but also by making possible 
many forms of work formerly unattainable. The 
process of spinning sheet-metal is usually subse- 
quent to the work of the press, which is an economi- 
cal means of securing a blank suitable for spinning. 
Spinning is the ofwration whereby an object such as 
a reeded curtain -pole end, a brass bed -knob, or a 
l>erry pan, is given its shape. The operation is simple, 
but dever. It can be carried out u)K)n work in the 
flat state which has lx*cn cut out by hand or by 
press, but it is economical in most cases to put the 
w'ork through the draw press before spinning. For 
spinning, a “ former ” is required. This former 
iiuist be of the shape which it is desired the final 
form of the article shall have. The widest part of 
the former, however, must never be larger than the 
narrowest nock of the s]>un article, else the former 
could not Ik* withdrawn after the article had l)een 
spun. 

The spinning lathe, in which the work is i)erforined, 
is a machine with a bed and fixed headslock having 
a chucking arrangement suitable for holding the 
articles, usually of cylindrical or cup shajK*, or 
something approaching thereto. The article is 
held in position on the formers by a movable 
tail stock, and special burnishing or friction 
rollers carried upon a comjiound slide-rest arc 
made to press ajminst the work, and cause 
the metal to “ flow'"’ into the required shape, the 
form being given by applying the Pressure at the 
proper points. It is possible to give ny spinning not 
only plain ridges and grooves, but ornamental 
]»attems, such ns nulled, beaded, and spiral edges, 
such forms being attainable by the use of pressing 
rollers and formers carrying the particular pattern it 
is desired to impress Ufwn the work. For H])inning 
work, the result det>ends upon the high s|K*od at which 
the work is made to revolve. The ojKTaiion we 
have descrilxtd utilises burnishing or friction rollers 
attached to the slide-rest. This is the modem prac- 
tice, and is the best for cheap work where thousands 
of one article arc being made, but for some work, 
other than brass, such as spun Sheffield ware, it 
is common to use burnishers, held by hand and 
pressed against the work without mechanical aid 
other than the strength of the workman. 


CorUinued 
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By HARRY H. HAVART 


The Gardener's Toole. The most im- 
portant garden tool is, of course, the spade [4], 
which is an implement perfectly distinct from 
the shovel, although the names are often inter- 
changed, and one tool used for the purpose of the 
other. The spado is used for digging, and the bottom 
of the blade should be of steel, and the upper part of 
iron, thoroughly welded together. Yoimg gardeners 
often suffer pain, when digging, from the pressure 
of the foot on the tread, or shoulder, of the spade. 
This can be obviated by using a little contri- 
vance called a “ di^ng shoe,’* a sort of anklet of 
leather which buckl^ over the middle of the foot, 
so that there is a good layer of leather acting as 
a protector where the foot presses on the spade. 
Spades are made in four sizes — 1, 2, 3, and 4, of 
which No. 3 is probably the most useful implement. 

The Shovel, Fork and Rake. The shovel 
[6] is used for shifting loose soil, clearing trenches, 
handling manure, and similar purposes. Its blade 
is broader than that of the spade, and it is usually 
))ointed, so that it can be pushed into piles of loose 
earth more readily than the spade. A shovel with 
a long handle is the best, as this _ 
obviates the necessity for stooping. 

The garden fork is a most use- 
ful, though somewhat neglected 
implement. Much of the work of 4 

breaking up ground, which is at 
present done with the spade, could ^ 
bo done far less laboriously with 
the fork. A four-pronged fork is 
the most useful, though some are 5 g 

made with three, and some with five 
prongs. The fork is particularly garden] 


The pruning knife has been almost superseded by 
the secateur [§]. This instrument is really a sort of 
miniature shears, and, in the hands of an inex- 
perienced gardener, is certainly a much better 
implement than a pruning knife as it makes a 
cleaner cut, and there is less danger of cutting away 
too much with it. 

The trowel [7] is an indiH])en8able little implement 
for transplanting cuttings and small plants. First 
of all the hole to receive the plant should be made, 
and then the trowel should be used to scoop around 
the root of the plant, and lift it out bodily, when 
it can be carried on the trowel and placed in the hole 
prepared for it. A bulb-planter [6] is particularly 
useful for planting bulbs in 1 twns. 

Other gardener 8 tools include the watering-i>ot, 
wheelbarrow, saw, and hammer, the uses for which 
are obvious. 

The Little Back Garden. The poor little 
square patch which is known to the town dweller 
as the back garden is the most handicap})cd piece 
of soil in the world. It is situated so that sur- 
rounding walls and sides of houses either cut off air, 
_ light and sun from it altogether, 
' or else admit the blinding glare of 
■ the sun’s rays to scorch the ground 
O /T[\ while effectually screening any 

If f re^shing breezes. Further, the 

prevalence of smoke chokes up the 
l^r P^res in the stems and leaves of 
\T y/ the plants, and prevents them from 
IMf breathing, while the elaborate 
7 g systems of drainage with which all 

towns and cities are replete, act 
IS* TOOLS indirectly upon the gardens by 


prongs. The fork is particularly gardeners* tools indirectly upon the gardens by 

useful in stirring the surface soil spade 6. Bulb Pja»t«r drawing away the moisture from 

between plants, to aerate it. Short- * o e s * the subsoil. Without this mois- 

handled forks are handy imple- ture in hot weather the roots of 

ments for taking up small roots, transplanting, or plants can never be healthy, and success in culti- 
weeding, being, for this purpose, generally handier vation becomes more difficult. 


than the trowel. 

The rake is not so much used as formerly, except 
the wooden variety, which is used for removing 
dead leaves from lawns, and other similar purposes. 
1'here is a variety of rake, however, called the 
“ daisy rake.” This has short teeth very close to- 

g other. It is used to drag over lawns, to pull off the 
eads of daisies, dandelions, and other lawn weeds. 

Lawn Mowers and Other Tools. Lawn 
mowers vary a good deal in detail, but most of the 
best makes are so equal in merit that there is little to 
choose between them. It is well to consider the area 
of the grass to be mown in selecting a 1ii>mi mower 
as far as size is concerned. A large lawn mower 
on a small lawn means expenditure of unnecessary 
labour, and the same remark applies to the o]qx)8ite 
condition — a small mower on a mrge lawn. The chief 
thing to be observed is to keep the cutters projpcrly 
sharpened, os an attempt to mow a lawn with blunt 
cutters is simply waste of time. The edges of grass 
which the mower cannot well reach must be cut by 
means of shears, which are made with both straight 
and curved handles. 


Laying out the Small Garden. These 
little back gardens are usually square, and where 
any attempts at gardening are made they generally 
take the form of a narrow^ border running all the 
way round, while the remaining space is devoted to 
turf, with, perhaps, a circular bed in the centre. 

The one jwint in favour of this plan is its sim- 
ilicity, but it has the effect of making a garden 
ook hard and formal. A more picturesque way 
of laying out a small garden is to make the border 
of an irregular width, curving it in and out 
as fancy directs, easily and gracefully, though 
never in such a complicated manner as to ap}>ear 
grotesque. 

The centre of the garden can either be laid out 
simply as grass (the best method where there are 
children, as it gives them just a few yards to play in), 
or it may be broken up by arranging for the planting 
of one or two flowering shrubs, or by the intr<^uction 
of a bed or beds as may be desii'cd. A very interest- 
ing and easily-attained feature of a town garden is 
a small b^ treated as a rock garden, particulars of 
which are given later. 
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Trees and Flowers in Town Gardens. 

Large trees are a mistake in a verv small city garden. 
Although it seems a pity to advocate the cutting 
down of even one ti*ee, there can be no doubt that 
their presence in a tiny back garden is a grave 
menace to the health of the inhabitants of the 
house, and also militates against success in growing 
plants, owing to the terrible drain it is upon the 
nourishing elements in the soil. The same remark 
applies, toV certain extent, to laurels and ]U‘ivct8, 
which form the lazy man's garden. 

The names and habits of many flowers and plants 
suitable for city culture will be found in future 
Images, but for general use it may be mentioned 
that the two most useful climbers for hiding walls 
and fences that face the east or north are the Vir- 
ginihn cree^r and Raegner’s, or a variegated ivy. 
Variegated ivies like poor soil; it brings out the 
variegations better. For sunny situations, purple 
and white clematises, Veitch's ampelopsis [11 j, or 
vine, Canary cree]>er, Ja‘|)ane8e hop, and yellow, 
winter-flowering jasmine are the best. Of shrubs, 
the best are the mock orange, aucuba, flowering 
currant, variegated cuonymus, rhododendrons, and 
Syrian hibiscus. 

These may Ik? put in when the laying out of the 
garden is first begun. If put 
in in the autumn, a handful 
of straw laid round the bottom 
of the stem will prevent the 
frost from getting at the roots. 

Window-boxes. Every 
window, whatever its a8])cct, 
can have a box upon its sill 
in which flowers will grow [11]. 

Such boxes, with tiles or or- 
namental fronts, are to be 
bought, but there is an easy 
way of making them. Measure 
the window-sill, and make a 
box to fit it, about 9 in. deej). 

Oet a piece of clay and daub 
it, putty- wise, along all the 
joins and comers, so as to make 
it watertight. To each bottom 
corner nail a strip or block of 
wood about 1 in. in de])th, so 
as to prevent the box from 
standing close on the window- 
sill. In the middle of the 
bottom of the l>ox bore three or four small holes, 
about a cou])le of inche.s apart from each other 
to allow' superfluous moisture to drain aw'ay. 

Then f)aint the outside only of the box a 
dark green or brown. Fill the box to about one- 
third its depth with bits of broken flower-pots, 
china, brick, stone, or any similar material, to form 
drainage, and then fill it up with earth which has 
been carefully picked over, or sifted, to get rid 
of all big stones, and well mix with silver sand. 
The window- box ne^d not be a thing of beauty in 
the summer-time only. When gardening opera- 
tions 1)egin in the autumn, some dwarf conifers 
should be put in to keep the boxes bright during 
the winter, and at the same time bulbs must be 
planted to keep them gay from March till June, by 
which time the sx^ring-sown plants will be bursting 
into bloom. 

One of the most important points in connection 
with window -box gardening is that the ])lant8 should 
have sufficient water in the winter time. It is just 
the season when plants fully exposed in the open air 
are being soaked by wet and snow, so that if the 
window -box is in a sheltered position it should be 
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watered, if not as fre(|aontly as in the summer 
time, at least twice a week. 

Trees and Shrubs for the Town. It is 

im))ossible to expect a good garden if the trees and 
shrubs which it contains arc either of the wrong 
sorts, or are wrongly planted. 

Of the ti-ees most suitable for planting in 
town gardens, the following is the best selection : 
Sycamore, common almond, plane, poplar, common 
elder, horse chestnut, American cherry, ailnntus 
glandulosus, and most of the hollies, which, although 
of slow growth, will more than repay the care 
bestowed U|^n them within a few years after 
planting. The same remark applies to the euony- 
muses, of which the variegated sorts are preferable, 
their foliage being brighter and more pleasing. 

Manv of the privet hedges now to be found in 
snrburban gardens might, with advantage, be re- 
placed by box, which, although of slow growth, is 
neater in appearance, and readily kept in hand. An 
excellent, though much neglected, tree for a 
suburban garden, especially where there is anything 
in the shape of a lawn, is the black mulberry {Morun 
nigra). Not only does it thrive under the most 
unfavourable conditions, but yields a generous 
supply of delicious fruit in the autumn. It is for this 
reason that it must be grown 
in grass, as otherwise the fruit, 
which should not be gathered, 
but allowed to drop, will Vk* 
injured when it falls to the 
ground. The presence of the 
turf prevents it from getting 
damage<l. 

The best evergreen shrub for 
town planting is undoubtedly 
the rliododendron [ 9 ]; until 
lately it was thought to be not 
(luite hardy, but by means of 
hybridisation many kinds, 
embracing all colours, arc pro- 
curable. The old-fashioned 
}>onticum rhododendron is now 
usually relegated to country- 
side coverts. 

Trees and Shrubs for 
General Planting. Trees 
and shrubs which may be used 
for general purxwses in gardens 
throughout the country em- 
brace some thousands of species. Many of these 
will thrive only in the sheltered gardens of the South 
and West of England, and it is useless to attempt 
to grow them in other districts. They are divided 
into two classes, one known as deciduous, or summer 
leafing, and the other as evergreen. The latter 
class is green all the year round, while, during the 
winter montlis, the deciduous kinds have nothing 
but bare stems to show. At the same time, th<^ 
most brilliant displays of bloom are usually to be 
found on the suinmer-leafing shrubs and trees. 

A list of the most useful evergreen trees and 
shrubs includes the following: Andromeda, arbutus, 
aucuba, berberis, eerasus, ehoisya ternata, cistus, 
cotoneastcr microphylla, daphne, elseagnus, erica, 
escallonia, cuonymus jai>onicus, garrya elliptica, 
hedera, ilex, kalmia, Initrus nobilis, olaria haasti, 
querciis ilex, rhododendron, skimmia, ulex europceus, 
veronica, vinca major and vinca minor, and 
yucca gloriosa. 

The following are among the best of the summer 
leafing sort : Acer, aesculus, ailantus glandulosus, 
alnus, amelanchicr, amygdalus, aralia spinosa, 
azalea, berberis, bctula, buddlea globosa, calycanthus 
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floridus, carya, catalpa bignoaioides, oeraaus» coryluB 
ayellanai ootoneaster^ orat«gu 6 , cytisiis, daphne 
inezereum, deutzia, elffignus augustofolia, fagus, 
forsythia, fraxinus, genista, hamamelis, hibiscus, 
hydrangea, juglans regia, kerria japonica, laburnum, 
liquidambar, liriodendron tulipifera, magnolia, 
morus, persioa vulgaris, philadelphus, platanus 
orientalis, populus, prunus, P3mi8, quercus, rhus, 
ribes, salisburia adiantifolia, salix, samoucua, spiraea, 
syringa, tamarix gallica, tilia, ulmus, viburnum, 
and weigela. 

How to Plant Trees* Upon the proper 
]danting of trees at the outset their future welfare 
depends. It is not sufficient merely to dig a hole 
in the ground, cram the roots of the tree or shrub 
into it, throw back the soil, and make the whole 
thing firm by stamping upon the base of the stem 
with an iron-shod boot-heel. 

In preparing a hole for the reception of a tree or 
shrub, it is best to dig it wide and shallow, rather 
than narrow and deep. The roots should be examined 
carefully before planting, and any that are broken or 
injured cut away with the pruning knife, or seca- 
teur. The roots should be well spread out in the 
hole, and the soil gently but firmly pressed in. 
Should the weather l>e dry, the young plants should 
have a liberal dose of water as soon as they are put 
in the ground. Trees or shrubs that are planted 
on hillsides, or in other open situations, where they 
are likely to be exposed to the full force of the 
wind, should be supported by means of stakes driven 
firmly into the ground, to which they should be 
fastened, the stakes being left in for two seasons. 

The Time for Planting. T^-ees and 
shrubs may be planted with safety at any time 
between the late autumn and early spring, say 
from November to March. The bulk of planting 
is usually done in the autumn, as at this time 
work is slacker in the majority of gardens than it 
is after the turn of the year. In town gardens, 
however, and others in which the soil is of a }x>or 
quality, advantage is often to be derived by defer- 
ring the planting till the spring. The reason for 
this is that the roots have the whole of the summer 
in which to get established before being called 
upon to undergo the rigours of a winter. 

Planting should never take place in wet weather, 
or when the ground is sodden with moisture, as 
shrubs and trees planted under these conditions 
are more likely to rot than tlirive. It is also 
useless to attempt planting when the ground is 
frozen hard, for not only is digging then almost 
an impossibility, but the soil cannot be properly 
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replaced, and frost will j^rcolate to the roots through 
the crevices left, and kill the plants. When, of 
necessity, planting must be done in frosty weather, 
it is well to cover the surface of the ground round 
the bases of the stems with a layer of straw, litter, 
or other mulch, to afford protection from frost. 

Transplanting Large Treea, To trans- 
plant a large tree, it is first necessary to expose 
its roots. This is best done by loosening the 
soil around the base of the tree, preferably with a 
fork, for a distance which corresjionds to a spread 
of two-thirds of the distance covered by the branches 
above. The soil should he carefully cleared away 
with shovels, care being taken not to injure the 
roots, which should l>e lifted \ip out of harm’s way 
ns exposed. Wlicn the soil underneath the tree 
has lx*en well tunnelled, a shallow trolley should be 
run underneath and the tree carefully levered on 
to it. being held in jx)sition by props consisting of 
young larch jwles, and securod with rof)cs. If the 
roots are not wide spreading, it is well to lift the 
tree with as large a ball of soil attached ns possible, 
ns this not only prevents damage, but helps the 
tree to more quickly establish itself in its new 
surroundings. It is im]M>rtant that a transplanted 
tree should have the same HS|)cct as it did originally ; 
hence before moving it is usual to mark one side 
of the tree with a dab of whitewash. 

Making Woods and Shrubberies. The 

trees most generally em])loyecl in the making of 
woods are the fir, pine, beech, birch, oak, larch and, 
to a smaller extent, the elm. This latter tree has 
fallen into considerable disrepute, esj)ecially 
for belts, or avenues, overhanging roadway 
or path, where it is often a considerable 
.source of danger. This is owing to the 
fact that for some reason unknown up to 
the present, branches ap]iarcntly sound, 
often weighing many hundredweight, are 
liable to break off suddenly and fall to the 
ground without warning. 

Oak })laiitation.s are, in the fulness of 
time, the most profitable of any, but the 
reason that so little young oak is laid down 
at the present day is that it is of very slow 
growth, and few landowners are preparetl 
to lock up the capit^il entailed in the es- 
tablisliment and maintenance of oak wonds. 

The system which has been found to 
answer best in making a plantation is to 
employ nursery grown plants from two to 
three yeai*s old. These are inexpensive, 
ranging in price from about 6 s. per thousand 
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for the rheHi>er sorts of firs up to SOs. per 
thousand for oak and the other clioicer varieties. 
Opinions differ as to the best distance apart at 
which to plant these young trees, but a good all- 
round rule is to allow a space of i> ft. every way 
between them. It is usual to “ nurse ” trees of 
slower growth, such as oak, by planting a quick- 
growing timber, such as larch, between them. 
By the time the oak is sturdy enough to take care 
of itself, the larch may be thinned out and cut down, 
if it is not desired to retain it. 

Some of the tenderer growing firs are often 
“ nursed ” in a similar manner, but there is a 
simpler way in dealing with this variety of tree. 
This is to sow the ground, when planting the 
young firs, with seed of the common gorsc, which. 
Doing a very rampant grower, speedily affords all 
the protection ne^ed. Care must be taken not 
to let it go too far, however, or the gorse may 
choke a large number of the young conifers. Many 
firs have a tendency to develop what are called 
side breaks. These are shoots which apyiear near 
the top of the tree, so that instead of tajjering away 
gracefully to a point, as it should do, the centre 
stem breaks away in three or four directions, not 
only destroying its symmetry, but greatly lessening 
its commercial value. These side breaks should l)e 
cut off in the early stages of growth. 

Where not to Plant Trees. Much care 
must bo exercised as to the position in wliich young 
trees are planted. The gar- 
dener who fails to look far 
enough ahead is apt to place 
them wiiere, although they are 
very pretty and effective for 
the time being, they will be 
the source of great trouble, say, 
fifty years hence. Trees should 
never be planted quite close to 
a house. First of all there is a 
danger that the roots may 
spread sufficiently to injure the 
foundations of the building; 
secondly, if the hou.se be a 
low one, there is risk of damage from the 
drip]hng of the rain upon the structure as it 
falls from the leaves and branches ; and, thirdly, 
the pre.sence of big trees near a house interrupts 
the free circulation of air, and consequently makes 
the place damp and unhealthy. 

It is not wise, cither, to ]>lant a tree quite close 
to the edge of a path, for, as it grows older, it will 
be found necessary either to alter the course of 
the path or remove the tree. 

Making Hedges. A living hedge is always 
better than a dead wail, and wherever they can be 
used in gardens in the place of divkling lines of 
wood or mck, hedges should certainly be planted. 
Unfortunately, practically all the trees which 
go to form good hedges are of slow growth, 
and take a good many years to form a substantial 
barrier. The quickest growing of all hedge plants 
is the privet, and this is probably why it is seen so 
much in every little suburban "front garden. At 
its liest it forms btit a straggly barrier, and where, 
owing to circiimstances, it cannot be dispensed 
with, its ugliness may be redeemed by em- 
ploying one of the variegated .sort.s. Plants 
about a foot in height should be used, and they 
should he put in in the autumn or spring, at a 
distance of about 9 in. apart, or closer to form a 
thick hedge. 

The l>est hedge of all is the holly hedge, but 
this is one of the slowTst to attain resiicctablc 
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dimensions. Plants 2 ft. in height are the best 
to begin with, planted from 1 ft. to 2 ft. apart, 
according to their size. They should not be trimmed 
for at least two years after planting. An old holly 
hedge forms a barrier that nothing can get through, 
es^ially if it be clipped regularly. 

The ordinary hawtnorn hedge requires practically 
the same treatment as the privet, though, if it is 
not cut back within a year or two after planting, 
it is apt to get very “ leggy,” the lower part being 
nothing but a collection of stems. 

A yew hedge is probably, next to the holly, the 
densest and most compact, provided it is clip|>ed 
regularly in the early spring, before the young 
growth commences [10]. It should, however, only 
be used inside a garden, and not to form a boimdary 
by a road or field, or any other place where horses or 
cattle will be likely to get at it, on account of its 
poisonous nature. 

A Hedge of Sweetbriar. One of tlie 
most charming garden hedges may be formed by 
the employment of sweetbriar. Though this is 
very little used generally, it makes the most fra- 
grant of all hedges, and deserves to be much 
more widely known than it is for this ])urposc. 
It can be planted at any time when the roses are 
being planted, and can alwaj\s be (:lip])ed into a neat, 
compact hedge. This is cpiite hardy and simple for 
town use, ana is full of perfume during the summer 
months, in direct contrast to the privet, which, at 
this time of the year, bears 
evil-smelling floMcrs of a dirty 
white colour. 

Near the seaside the euony- 
mus makes a splendid hedge. 
Particularly is this the ca.se on 
the South Coast, most of the 
favourite Sussex watering - 
places having excellent ex- 
amples of what can Ix' done 
with this plant for hedge- 
making. The tamarisk and the 
sea buckthorn arc also useful 
in these situations. 

During the early vears of a hedge's life, it is 
necessary to watch tlic young plants very closely, 
and remove all dying or weakly H|X'cimens, other- 
wise, when the hedge attains maturity, gaps where 
weakly plants have been will be disclosed. 

In clipping hedges, no matter of what composed, 
they should be cut wedge-shafted, to a certain 
extent, the narrowest part Ixung at the top. Jn 
this way the lower portions are not overshaaowed, 
and thick growth at the base is encouraged. 

Walks and Lawns. The making of walks 
and lawns, and the preparation of formal beds for 
the latter, are branches of gardening which have bt 
be cnrriecl on in such near relation to each other 
that they should be studied Hirnultaneously. 

Most gardens have too many W'alks. In public 
parks, certainly, a large numl)er of patus is 
necessary, because it is only by providing this 
sort of accommodation for them that a crowd 
of sightseers can be kept within bounds. No such 
precaution is necessary, however, in a privalc 
garden, where the majority of the walks should l»c 
grass ones, prepared and looked after in the manner 
recommended for lawns. It is impossible to lav 
down a hard and fast rule as to where a gravel path 
should be put, as conditions differ in practically 
every garden of decent size. The carriage drive, 
of course, must be gravel, so must the main walk 
to the kitchen garden, the one to the glasshouses, 
and others W'hich are being tramped over every 
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minute of the day. An economy, both of time 
and labour, is effected by making most of the others 
grass walks. 

Unless the exigencies of space compel, it is better 
never to make a gravd walk a perfectly straight one. 
Such a ^th, running hard and uncompromisingly 
out in the perspective, is rarely a pleasing sight, 
even if fringed by the choicest flowers. At the 
same time it is absurd to make a path wriggle all 
over a garden for the mere sake of doing so. 

Nowhere in the world are such lovely lawns to be 
found as in our own gardens, and few things are 
more refreshing to the eye, or more beautiful, than 
an expanse of smooth, unbroken turf. This fact 
should be borne in mind when laying out a garden, 
and care should be taken to keep all beds near tho 
edge of a lawn, and not to go dotting them at 
regular intervals all over the turf just for the sake 
of symmetry. Such a garden is sure to be hard 
and unnatural. 

How to Make WalKa. The first step in the 
making of a walk or path is to map out exactly where 
it is to go. In the case of a large garden, a plan 
must be prewired on paper first, otherwise confusion 
will invariably result ; but with a small garden this 
is not necessary. Then the coiurse of the path 
must be traced out on the ground by means of 
cords, to which, at intervals, small pegs are attached. 
These strings and cords are one of the gardener’s 
most important tools in the early worK on the 
ground, as they serve to outline every bed and 
border, and determine the width and direction of 
every path. 

When these points are satisfactorily settled, the 
soil, to the depth of about 1 ft., should be dug out 
all along the course of the proposed path, and 
carted away. Needless to say, it will be much 
appreciated elsewhere. At the bottom of the trench 
thus made a layer of broken bricks and large 
stones should l>c distributed in as level a fashion as 
|)ossible, to the depth of 6 in. or 7 in., for the purpose 
of drainage. These should be well crammed down, 
and covered with 2 in. or 3 in. of coarse gravel, 
which must be well rolled in. Upon the top of this 
the final layer of fine gravel rests, to the depth of 
2 in. or 3 in. In building up the path the surface 
should be made a little higher at the middle than 
at the sides [12]. 

If available, a layer of pieces of broken slate, 
about 2 in. in thickness, should be placed between 
the broken brick layer and that of coarse gravel, 
as worms cannot penetrate this material, and 
unsightly worm -casts are prevented. Much rolling 
is necessary when a path is first made, as otherwise 
the top layer will never become hard and firm. 

When once a walk or path is made, there is always 
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the task of keeping it free from weeds to be con- 
sidered. By far tne most efficacious way is, of 
course, to pull up the weeds by the roots as fast as 
they make their appearance. There are many 
chemical wec<l-killers on the market, but they 
require very careful handling, as not only do they 
kill weeds, but everything else with which they 
come in contact. A dressing of salt is a pretty 
effective weed-killer, and an application of boiling 
water serves a similar purpose. 

A stone path is a good path if prof>erly constructed, 
and is always practically dry. In constructing such 
a walk, proceed as indicated for gravel walks, until 
the layer of coarse gravel is laid and rolled. Upon 
this should be laid just an inch or so of soil, and in 
this, embedded roughly, shaped pieces of flat sand- 
stone, in the form of an irregular mosaic. Old 
j)aving-8tone^, such as may be ])rocured from any 
contractor's yard, and broken up with a sledge 
hammer into pieces of any size from 6 in. to 2 ft. 
across, are excellent material for the purpose. As 
these are embedded, a little soil should be presscrl 
into the chinks between each piece, and in these 
chinks stonecrops and mosses may be planted. 
These will quickly establish themselves, and form 
a very pleasant walk in the course of a season 
or so. Such stone W’alks are, as yet, compara- 
tively rarely met with, but their many advantages 
over* the gravel walk, and their picturesque 
a]»|)earunce, are gradually bringing them into 
favour. 

The Making of a Lawn. There are two 
ways of making a lawn— by turfing and by seed. 
In places where, in forming the garden, good turf 
has Ix'cn cut off and stored from parts of the gi-oimd 
when levelling is going on, it may well be replaced ; 
but where an entirely new' lawn has to be made 
it is better to employ grass seed than to 
purchase turf and lay it. 

Before sowing, an oi>eration which is best 
carried out in the springtime, the ground 
should be well dug over w ith a spade, nil 
lumps being broken up w'ith a garden fork, 
and afterwards gone over with a rake, to 
ensure that the surface soil is nice and tine, 
and, moreover, free from stones. Then go 
over it with the roller, being careful, es-jX'- 
cially in the case of a tennis lawn, to see 
that it is quite level. 

As soon as the surface is nice and 
smooth, it is ready to receive the seed. 
The regulation quantity of seed, as recom- 
mended by all the leading authorities, is 
I lb. of selw to every 16 sq. yd. In other 
words, a bushel of grass seed will sow 
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an area of 400 sq. yd. Two apparently trivial but 
really important jK>ints iniiat be observed when 
sowing a lawn. There must be no wind, and the 
sower must not W'etvr high -heeled boots. Grass seed 
is very light, and even a moderate breeze w'oitld 
blow it into uneven patches as it leaves the sower’s 
liand, while high heels would dig into the ground, 
in its unsettled state, and disturb the level. A pair 
of cheap canvas shoes with indianibber .soles and 
no heels are the best footwear for this work. 

When the seed is sown it should be covered by 
just the slightest covering of loam or sand, and 
rolled lightly. If the soil be a heavy clay, the cover- 
ing of sand will be the best, while if the soil is in 
itself a light one, it will benefit more by the sprink- 
ling of loam. This must in turn be rolled, but 
lightly, otherwise the delicate little blade.s of grass 
might find difficulty in forcing their way to the 
surface. Where there is any danger of the seed 
being attacked by birtls, black thifads should be 
stretched at intervals across the ground, 2 in. or 
3 in. above the surface. 

The new' lawn should not bo rolled or swept until 
the grass is 2 in. or more in height, w'hen it may be 
rolled lightly and swept gently. A lawn mow'er 
should never be used to a hew lawn, as it is apt to 
tear the tender young grass 
up by* the roots. The scythe I 
is the proper implement to 
employ tor this purpose. This 
oi»eration should be carried 
out early in the morning, 
when the dew is on the grass, 
as the scythe works best 
at these times. The mowing 
machine, which may be used 
when the summer comes and 
the grass has got W'ell estab 
lisbed, w'orks best when the 
ground is dry, and may there- 
fore be employed at midday. 

To ensure a good velvety turf, 
a lawn should be well mowed 15. x PIKK-FLOWE 
and rolled at least once a week, {^'umphi 

Daisies, dandelions, and other 
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site, and then cross it with two diagonal strings. 
Where these strings meet is the centre of the bed. 
Place a peg there, with a string attached, and, just 
at the point where the string touches the side of 
the square tie an old knife, steel point, edging tool, 
or anything that will cut the turf. Then, by 
dragging this round the ground, a perfectly circular 
cut will be made. 

Plants for Carpet-bedding. The soil for 
R carjKjt-bed should be broken up fine, or sifted, 
for preference, and a little sand mixed with it, 
unless the soil is already sandy it.self. Before, 
however, the w'ork can be proceeded with any 
further it is necessary to prepare the plants which 
are to fill the carpet beds. These are a class by 
themselves, and their culture is of the simplest. 
The pyrethrums, w'hich give gold, pale green, grey, 
and yellow tints, are grown from seed, which must 
be sown in a greenhouse, with heat, in early spring, 
in boxes of sandy soil, and will be ready for putting 
out in the bed in May, which is quite soon enough, 
in order to escape the possibility of a touch of late 
frost. Red and blue lobelia are treated in a 
similar manner. 

Altemantheras are another iin])ortnnt family for 
carpet bods, and their colours range from yellow' to 

red, but cuttings of these must 

be purchased in the first 
in-stance as seed is not readily 

K rocurable. These cutting must 
e put into sandy soil, and 
rooted on a hotbed. A hotbed 
is made in a frame, or frames, 
in the garden, and consists of a 
layer of about 18 in. of manure, 
covered w'ith a good layer of 
soil. The decom}>osition of the 
manure induces heat, and this 
heat causes the cuttings to take 
root and thrive. As the spring 
progresses, the glas-s top of the 
frame should he raised during 
tiNO WATER-ULY day to allow' the young 

a rosea) plants to gradually harden off. 

Other prominent carpet-bed- 


w'ceds should be rooted up without mercy by ding ])lants arc iresines, antennarias, stonecrops, 
the instrument knowm as u daisy fork. and Hemiariu glabra, while the familiar rosettc- 


Carpet-beds on Lrawns. A car|>et-bed is 
a bed formal in outline, and also in the nature of 
itt contents, which are composed of dw arf plants of 
a similar height, arranged in a set pattern, some- 
times to form a word or motto, or else according to 
a geometrical plan, so that they resemble a part of 
a pattern or a carpet. Car|>ct-beds are not by any 
means the only sort of beds that can lie made on 
lawns [ 14 ]; but as lawns are the only place for 
them, and their preparation is really part of the 
garden design, it is best to deal with them here. 

Many gardeners maintain that to arrange plants 
in such a formal way is an outrage ufion Nature, 
and ought to be tabooed : while, on the other hand. 


shaped plant often seen round the edges of caiqiet 
beds is known as Echeveria secundn. 

When the plants are ready for putting ont, the 
pattern of the bed must be carefully mapped out on 
its surface in silver sand, and the young ])lants ]nit 
in, about 2 in. apart, with great accuracy, com- 
mencing at the centre and radiating outw'ards. 

A carpet bed, carefully prexiared, will lust on 
into the autumn until the early frosts spoil it. It 
should then be cleared, and, in order to avoid ugly 
brown beds during winter, they should Ije ])lanted 
with dwarf evergreens and bulbs of snowdrop, 
crocus, and early-flowering daffodils, the culture of 
which will be dealt with elsewhere. 


there are many gardens in the kingdom where 
ejirpet-l»edding is curried to excess, and the only 
effect is a liard and ugly one. 

The lK*st way is to strike an intermediate line, 
and have a little ear] »ct- bedding, if it be desired, 
near the house, wlienee the liedding can gradually 
get less and less formal, until it merges into the 
wild garden. 

Before making a cari)et-l>ed, the design should 
be draw'n out on paper, and marked w ith the names 
of the plants it is pro])oscd to use in each section to 
give the varying colours. If the lK*d is to lie 
circular, it is usua] to i>cg out a square on the 


The Rock Garden. Rock gardens, r * at 
present constructed, arc, generally sjK*aking, 
capable of a groat deal of imjirovement, and in 
preparing one its true purpose should not be lost 
sight of. This purpose is, in the main, to enable 
the choicest Alpine and other mountainous plants 
to be grown in this country under as natural 
conditions as possible. Therefore the piling up of 
masses of rock and stone with no thought for the 
needs of the plants that are to adorn them is not 
at all likely to produce satisfactory results. Worst 
of all, perhaps, are the masses of burnt brick which 
are found in many gardens, tossed about in heaps^ 
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and crowned with a few hardy ferns, which would 
probably thrive ever so much better if planted in 
the garden in the ordinary way. 

The spring is the best time of the year in which 
to commence making a rock garden, and a sunny 
position in the garden is the best spot at which to 
construct it. It may be of any size, but should be 
irregular in shape, though there is no need to go out 
of the way to make it curious in this respect. If 
the soil is not good and deep at the spot where 
it is proposed to construct the rock garden, the 
ground must be dug out to the depth of 18 in. 
or more, and a good mixture of peat, loam, and 
sand put in its place. This bed of soil should bo 
raised well above the level of the surrounding 
ground, or a picturescpie effect will not be obtained. 
The so-callea rocks may 1 k^ pieces of any kind of 
stone which is common to the district. In fact, 
in towns, many effec- 
tive little rock-beds 
can be built up by 
cnnploying pieces of 
ordinary sandstone 
y)avcmcnt, broken up 
into irregular 8lia|)es. 

Sufficient for the pur- 
])ose can generally be 
]»rociired at a nominal 
price at any builder's 
yard. 

The whole secret of 
successful rock gar- 
dening is this: Plants 
suitable for growing 
under these condi- 
tions recjuire full ex- 
posure to the sun, 
though at the same 
time they must have 
])lenty of moisture at 
the roots. Hence th«> 
real use of the rocks 
is to act as a shield 
and prevent the 
evaporation of the 
moisture so essentird 
for the WTll-bcing of 
the ])lants. 

There are some 
shade - loving roc k 
plants, but they are 
comparatively few in 
number compared 
with the others. It 
,is imjiossible to lay 
down any hard and fast rule as to bow pieces of 
rock should be arranged in every garden — so much 
de]xuuls uj)on position and surroundings in each 
instance. Individual taste must bo bought to 
bear upon the matter, taking care to avoid all 
trace of formality and “building” |16J. Rock 
gardens should never be made near trees, as their 
shade destroys the very object with which it was 
constructed. 

When first constructing a rock garden it is best 
to put a few pieces of rock in the most prominent 
positions, ana then insert the plants, gradually 
embedding the minor pieces of rock in the soil ns 
the planting goes on. In this way not only is a 
more natural a8))ect assured, but the plants are 
more securely rooted than they would be if the 
rocks were arranged methodically at first, and the 
Tdants tucked in between the crevices afterwards. 
One or moi*e members of the following families 


go far to make up a representative collection for 
the sunny part of the rock garden : Alpine hare- 
bell, orchis, Alpine anemone, stoiiecrop, allium, 
androsace, anteunariu, amebia, armeria, chiono- 
doxa, colchicum, daplme, Alpine pink, sea-holly, 
dog’s-tooth violet, gcura, iris, leucojum, lithosper- 
mum, muscari, pentstemon, Jacob’s-ladder, poten- 
tilla, primula, saxifraga, sempervivum, stemberga. 
trillium, trollius, foamfiower, and viola. Thos<* 
which thrive liest in shady situations are the 
lady’s slipper (hardy cyrpripedium), gent inn, 
ranunculus, epimediuni, hepatica, and il^eris. 

Water Gardens. It is quite possible to 
construct water gardens in places of modest dimen- 
sions ; in fact, there arc many instances in which 
water lilies have been successfully grown through 
no more ambitious medium than a half-barrel sunk 
in the ground. The orthodox method of making a 
pool in a country 
garden is to dam a 
stream at some con- 
venient spot and form 
a ])ond of tlie over- 
flow. 

Where there is no 
stream at hand, the 
water must be brought 
to the spot by pipes, 
unless the owner is 
satisfied with a stag- 
nant pool. First of all 
the piece of ground 
which it is proposed 
to transform into a 
w'ater garden should 
he dug out to the 
depth of 3 ft. or 4 ft., 
and the soil carted 
away. The edge of 
the hollow' thus made., 
should be purposely 
left irregular in sha|)i‘, 
as, if it is cut srpiare 
or circular in form, 
the effect is formal 
and unpleasant. A 
layer of clay about 
1 ft. in thickness 
should then bo spread 
over the bottom of the 
basin, and thoroughly 
beaten into the 
ground. This opera- 
tion of beating is most 
important, ns it is to 
render the basin watertight, and if carelessly done 
the water will leak away. On top of the clay a 
layer of good loam from 6 in. to 9 in. in thickness 
should be spread, and the water may be let in, 
Wnter Lilies in the Small Garden. 
Even where the only water available is the half- 
barrel just alluded to, it should be sunk well below' 
the level of the ground, and the formal edge broken 
up w'ith a few groups of moisture-loving plants. 
The best form of barrel to employ is a j)etroleuni 
or beer cask. It sliould bo saw'n in tw'o, and charred 
on the inside so as to remove all traces of oil or 
alcohol. It should then bo pitched on the outside, 
after which it is ready to be plunged into the ground. 
At the bottom of the barrel place a layer of good 
stiff clay, and on top of this n few’ inches of a 
compost of two-thirds good fibrous loam and 
one-third old, well-decayed leaf soil. This should 
leave ample room for about 1 ft. of w'nter, which 
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can be poured jstcntly in after the water lilies have 
been planted. 

Planting water lilies in the water garden is 
merely a question of getting an o]ienwork basket, 
tilling it with soil, and inserting the tuber. A 
stone should be tied to the basket to prevent it 
being washed away, if the water has a current. 
Water lilies thrive best when fully ex])Oscd to the 
Bun, and the best time for planting is during the 
months of April, May, or June. The following 
nymphse are the best six to idant : Alba, Rosea 
{iS], Froebellii, Laydokeri, Odorata, and Robinsoni. 
Other flowers which should be planted in the water 
itself are miphar (often mistaken for a water lily), 
the Cape pond-flower, buckbean, arrowhead, reed 
mace, arum lily, bullrusli, and tlie winter forget- 
me-not. 

As the banks of a water garden are sure to be 
damp and marsh 3 % they should Ije liberally planted 
with moisture-loving things in the springtime [13 j. 
Among the best of such plants are the Japanese iris, 
marsh marigolds, globe flowers, several varieties of 
the hardj’ bamboos, daj’ lilies, American swamp lily, 
royal fern, and several of the arundo, or reed 
familj". 

The Wall Garden. The wall garden is 
almost a thing of the past, excejit in old-established 
]»laees, notably those in the West of England. 
This is probably due to the fact that brick walls 
and wooden fences have practically su[)crseded 
stone as boundary lines. 

A good wall garden is, however, ahvays a charming 
sight, and maj", for the sake of illustration, be called 
a vertical rock garden. The whole s^vstem of w^all 
gardening consists in planting suitable subjects 
betw’een the chinks and on the toj) of stone walls, 
talking care that such chinks have sufficient soil 
to enable the plants to live. The best of all the.He 
}>lants is, naturallj*, the wallflower itself {("heirati- 
thus rheiri), which is sometimes found self-sowm on 
the sides of disused quarries, chalk pits, and in 
<dher similar situations. It seems to thrive on 
praotieally nothing, growing almost on the bare 
rock itself. The majority of wall plants are rock- 
garden plants as w’ell, though their number is 
necessarily limited, as most rock plants are deep- 
rooting subjects. Varieties of the following are 
among the most suitable : Alyssum, arabis, erodium, 
gv 7 )sophila, linum, j)ol 3 ’podiuiu, saxifraga, sedum, 
and sempervivum. 

Climbing Plants. One of the prinei)>al 
I’eatures w'hich make oi’ mar a garden are eliinfjers. 
This is partieiilarh' noticeable in gardens of modern 
formation, which are usually those attached to 
ugly houses. So few' modern-built houses are 
handsome in ap]^»earance that it is a good thing to 
clothe them, as far as jxjsKible, with climbing flow'crs 
and plants. It is not only against the W'alls of 
houses that the climbing plants are l)oth beautiful 
and desirable, but out in the garden itself, where 
summer-houses, arliours. covered walks (w'hich are 
known as pergolas), walls, fences, old tree stumps, 
and many unsightly objects may lx» iin))roved ny 
their use. In man^' eases, indeed, climbing plants 
inaj' lie allowwl to grow over living hedges and U]» 
tree trunks, though in this last ra)>acity they should 
be employed in moderation ; if used to excess, the 
result often gives the irn])ression ot careless garden- 
ing. The. climbing plants most sought after are, 
naturally*, those varieties of the rose wJiieh have 


this habit. They w ill thrive in almost any aspect, 
though, naturally, such good results cannot be 
ox}»ected on a wall facing north as in more 
sheltered situations. In a loamy soil, w'hieh is 
about 2 ft. deep, however, they would do well, 
even in many town gardens. It is a mistake to 
prune climbing roses too freely ; nor should they 
be nailed against the wall at every few inches, as 
if they were undergoing a species of crucifixion, but 
only given such support as is absolutely necessary, 
so that they can make their way upwards as 
naturally and gracefully as }>os8ible. This remark 
Applies to practieallj' all climbing plants. The best 
of the climbing roses are: Reds — (Vimson RambltT, 
Chesunt Hybrid, and Waltham (limber. Yellow's — 
Mar(‘ehal Niel, (lloire de Dijon, Bouquet d’Or. White 
— Aimeo Vibert and Niphetos. Pink — Climbing La 
France and Pink Rover. Apricot — William Allen 
Richardson, Keve d’Or, Madame Berard. 

Clematis and Creepers. Next in import ■ 
ance to the rose as a climbing plant is the clematis. 
Most of the varieties arc grafted on wild clematis. The 
most useful h^'brid for general juirposes is ( lematis 
Jackman i. the large ])ur])le flowers of which are so 
often to lx* seen in town gardens. It has a variety — 
Alba — w'hose flowers arc equal in size and number, 
and white in colour. The clematis flourishes well in u 
light soil, and flowers freely from May to July. 

Other spring and summer flow'cring climbers 
include the w’istaria, white jasmine, and the honey- 
suckles, while seed of the common climbing 
nasturtium and canary creeper, sow'n at the bottom 
of an arch or arlmur during the month of A])ril. will 
<*over it in a month or tw'o. Being annuals, such 
sowings must, of eourst*. be renewed every year. 

For ex)K>sed situations there is, of course, 
nothing to e(jual the common iv\', or one of the 
variegated sorts. This has the advantage of lx?ing 
evergreen, and is conseipiently in evidence all the 
.vear round. The Virginian ert'e|x?r is notew'orthjr 
for its beauty* in autumn : but after the leaves fall it 
}>re8ents a very iintidj' aj)|x*arnnee. A much neater 
cliinl>er of this class is Ampcloj>sis Witchi. 

Winter Flowering Climbers. There 
are three climbers which are of inestimable value, 
as the^' flower in the w inter time. Two of these are 
admirably adapted for towTi gardens. The l»est is 
the yellow -flowered jasmine, which, though its 
stems are bare at the time, is covered during the 
most unfavourable months of the year with a show'cr 
of bright, jtIIow blossonis of diiiiinutivc size, wiiieli 
make a brilliant contrast with the dark-brown 
stems of the plants and the brick w alls. 

The second ]X‘rfectIy hardy w'inter eliml)er is the 
pyracantha, w'hich it is hardl\' accurate' to describe 
as ** flowering,” as it is its bright orang(*-red berries 
and rich dark evergreen foliage whi(*,li render it 
valuable during the dark days. It thrives with 
equal vigour in any sort of soil. 

In favoured situations the winter-sweet {('himon- 
anthua fragrava) may lx* grow'n on a south wjill. 
Like the jasmine, its flowers are Imriie on bare 
stems. It is jjnrtieularly sweetly s(‘eut<*d, and if the 
flowering shoots are cut and floated in a shalh^w 
vessel of water, they will diffuse their fragrance 
through a dw'elling-room for many days. No harm 
is done by treating the shoots in this way, ns in 
the ordinary course of events they would be pruned 
after flowering. 
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By D. H. KENNEDY 


Aerial Lines. Great ukill and jud^ent 
have to bo brought to bear on the construction of 
aerial telegraph and telephone lines. When a 
conductor suitable from the point of view of resist- 
ance and mechanical strength has been chosen, 
there remains the mechanical problem of supporting 
and insulating the conductors at a suitable height 
to secure freedom from interference and with 
sufficient strength to meet the static stresses due 
to the weight of the materials and the kinetic stress 
due to wind pressure. 

The static stress is greatest at the pole where tlu^ 
line )>cgins or ends, usually called the terminal j)ole. 
There it is the sum of the stresses of the wires ; at 
intermediate y>oles, where the line is straight, the 
static stresses due to the wires on each side may 
balance each other, and in this case the ))ole. 
together with half of the span of wires on each side 
of it, may l)c considered as analogous to the mast 
and sail of a ship ; the wind presses on the side of 
the wires as on the side of the sail, and if the pol;*, 
is not suffieiently strong it will snap off at the 
bottom as does many a good mast. For this 
simplest case, then, wc need to know something 
about wind ])ressure. 

Wind Pressure. Wind ]»rcsKure varies as 
the square of the velocity. A brisk wind of 20 miles 
an hour c.xerts a pressure of 1*08 Ib. ])er square foot. 
-V very high wind of 40 miles ]>er hour gives 4*32 lb. 
per s(|uarc foot; 70 utiles an hour gives over 
17 Ib. ]»cr square foot: while a hurricane may 
attain a velocity of KM) miles per hour and a jtressure 
of over 32 lb. per stpiare foot. Standard practice 
has decided that lines should be built to resist a 
maximum pressure of 17 lb. ]>er square foot. Next, 
we must ascertain the dimensions of the resisting 
surface. As the wires are circular, the effective 
area is taken as two-thirds of the diameter into the 
lengtli. A simple calculation will, therefore, give 
the horizontal stress due to wind pressure. Hut 
this is at the height of the wires. To find the 
moment of pressure at the ground line, we must 
multiply by the distance between the centre of the 
wires and the ground line. The result is usually 
exi)ressed in foot-c'wts. This tells us, then, the 
stress which will art upon our jmlo at the ground 
line. The engineer is j>rovided with a table in which 
the breaking stress in cwts. for various thicknesses 
of poles is recorded, and ho might now obtain from 
this list the dimensions of a pole which would give 
the required strength. Where wooden poles are 
concerned, however, the possibility of a particular 
sam])le being much below the average has to be 
borne in mind, and in this case, as in all similar 
engineering designs, it is necessary to introdmre a. 
factor which shall make for safety ; and is, indeed, 
always referred to as the factor of safety. For 
nolcs and supports this factor is taken as 8 ; so that 
l)efore selecting from his list, the engineer would 
multiply the “ foot-ewts.” result by 8. For jKiIcs 
at angle points allowanee must be made for the 
increased static stress. 

Selection of Route. The erection of a 
lino is preceded by careful surveys in which the 


relative advantages of different routes are considered 
and that one is chosen which combines most of the 
following advantages : 

Shortness, so as to reduce the cost ; 

Straight rather than tortuous roads ; 

Plase of access for building and subsequent main- 
tenance ; 

And freedom from difficulties to wayleaves. 

During the progress of the detailed survey all 
information for the guidance, of the foreman who 
will erect the line is carefully tabulated, positions 
being chosen for the ]H>le8 so as to avoid causing 
obstruction to the public and danger from passing 
vehicles. They must also be chosen so that the 
wires shall not hang longitudinally over the carriage- 
way, and poles should be ])laoed so that if the wires 
fall, they will fall clear of traffic. Road crossings 
should, as far as possible, be avoided, and on hilly 
roads the heights of the pobs arc adjusted as far as 
possible, so us to avoid abrupt differences in the 
level of the wires. 

Poles. Wooden ik)1cs are most largely used 
in this country, but the use of iron poles is gradually 
increasing, in spite of their heavy cost. Wooden 
f»oles arc prcserve<l from rot by creosoting: 10 lb. 
to 12 lb. of creosote ]>cr cubic foot is injected 
into the pole. Poles so treated have very long 
lives. They cannot, however, l)e painted, and 
where this is required, the process of burnettising, 
which consists in injecting a solution of chloride 
of zinc into the pole, is used. Ci’cosotcd poles 
having lengths up to 85 ft. and diameters up to 
20 in. can be obtained. For light lines the poles 
are placed at 70-yard intervals where i>rovision is 
made for up to eight wires, but for cases wdiere only 
oiu* or two \vires will )>e needed the poles may be 
spaced 80 yards a])art. For heavy lines 0(5 yards 
is the usual interval. 

Hole Digging. The hole for the poles should 
be dug in the direction of the wires. As little 
ground as possible should be disturbed. It should 
be arranged so that the polo will stand at one end 
and this end should be cut dowm perpendicularly 
[29]. For ordinary lengths 4 ft. to (i ft. is the 
usual depth, but the character of the soil must be 
taken into consideration. For very long poles 
8 ft. to 10 ft. may be necessary, but this is the 
maximum. In vei\v loose soil or running sand it is 
sometimes necessary 
to use concrete. The 
|X)les should be set so 
as to l)ear against the 
stress of the wires. In 
returning the earth to 
the hole great care 
must bo taken that the soil is thoroughly punned 
in, and on completion, the soil of the roadway 
should be returned, ns far as possible, to its original 
condition. 

The height of the pole should bo such that on 
country roads the low'cst w*ire is not less than 
12 ft. irom the ground: in crossing roads this must 
be increased to 20 ft., while in towns a height of 
30 ft, is necessary. 
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Iron ]ioles are made of 11 ft. parallel lengths with 
1C ft. t4i]>ering lengths, and the bottom tits into a 
east-iron base, which gives a good hold in soft 
ground. A concrete foundation is usually provided, 
so that the pole may be secured by bolts let into 
the concrete. The parts of the pole are put together 
on the ground. 

Stays. The strength of a line is enormously 
increased by a proper discrimination in ]u*oviding 
stays at suitable ^mints. Stays are usually made 
of iron wire, and they arc arranged so that tlie 
iip]->cr end is attached as nearly as ]>ossible at the 
resultant point where all the forces acting upon the 
pole can be balanced by an opposing force. They 
are, therefore, specinlh’ suitable at angle points. 
'J'he lower end of the stay is connected to an iron 
rod fitted with a stay tightener, and the further 
end of this rod is passed through a wootlcn block, 
usually a 2-ft. length of old pole. The hole for the 
stay block is usually arranged .so that the block is 
])hieed in an undercut space and fits against the 
solid earth. Where it is impracticable tolix stays — 
as, for instance, at an angle in the road where the 
stay would have to be put on the road side of the 
pole — struts are used, and 30 .suftioientW illustrates 
their a])[)lication. 

For the heaviest class of frunk telephone lines, 
the Post Office has within the last few years intro- 
<Iiiccd a system of trussed * H ’■ ])oles. The.se have 
given splendid results and are illustrated in 31. 

Pole Arms and Fittings. For arms, oak, 
weli-sca.soned, is iisuall}^ employed, and sometimes 
Karri wood. The sections vary from 2.1 
in. to 3 in. square. Arms 48 in. long carry 
four insulators, and lengths u]) to 78 in. 
are in common use. Arms arc usually 
spaced 12 in. apart from centre to 
centre, and this distance also 
obtains between the rcs})cctivc 
insulators. 

Poles are always provided w ith 
an iron wire, which is arranged 
to act as a lightning conductor, and 
is stapled down the side of the 
])ole and terminated in one or two 
coils stapled round the bottom of 
the butt. The main purpose of 
this provision is, however, to ])re- 
vent what is called “weather con- 
tact. In wet w'cather a film 
of moi.sturc bridges the distance 
betw’cen the adjacent wires, and 
c urrent would leak from one circuit to aiiotlier. 
The •• earth w ire “ provides, however, an alternative 
path. The arms arc also eartli wired. It will l>e 
seen that the loss of current j)er ciivnit is thus 
slightly increased, but interference is averted. 

Pole Hoof. The top of tlic ])o)p is usually cut 
obliquely, coated with a mixture of coal-tar, Vreo- 
KotccI, and provided with a galvanised iron roof. 

In towns ornamental pole finals are used. When the 
lit ting of the )>ole with roof, earth wire, arms, and, 
in .'-uinc cases, galvanised iron stc|js, has b(‘cn com- 
pleted, it is erected by pushing the butt into the 
hole, so that the butt end coincis easily into the place 
it will fmally occupy. The stcpiK‘d end of the hole 
a(!ts as a fulcrum in .such a w'oy that the w'cight of 
the butt assists in lifting the top, and the ])ole is 
gradually raised to the vertical }>osition at first by 
band, and subsequently by ladders, half a dozen 
men being usually employed. Even for the heaviest 
poles, ten men are quite sufficient where the foreman 
exhibits proper generalship. The presence of too 
tnany men is apt to be a source of danger, and a 
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proper understanding between those concerned in 
the work is of the utmost importance. 

Insulators. The standard pattern insulator 
used in England is made of white ])orcclain, screw ed 
so as to fit on a screwed steel spindle, and provided 
w ith two petticoats [32]. For short lines, where a 
very high standard of insulation is not necessary, 
browTi earthenware made in the same jiattern i.s 
frequently used. In fixing the insulator an india- 
nibber washer is inserted between it and tlic shoulder 
of the spindle to allow for differential expansion. 
The insulators arc put into position after the ])olc 
has l)een erected, tlie steel S])indles Inn’iig swnirely 
bolted to the arms. It is interesting to note that in 
America glass insulators are used instead of porce- 
lain, and w’ooden (locust) ]>ins instead of steel 
spindles. At terminal poles, wdiere the ])ull is all 
on one side, J-8ha]ied s]>indles are used, fixed to the 
under-side of the pole, and arranged so that the 
pull of the wore comes oj>)K)site the centre of the arm. 

Wire. Three classes of conductor are in general 
u.sc — namely, iron. eop])er, and bronze — 
iron wire for unimportant telegra])h cir- 
cuits, eop]>er for important telegra]>h 
and telephone circuits, and bronze W'ire 
for use in towns where irregular spans 
demand increased mechanical strength. 
Full particulars arc given in the 
table below'. 

Ohm-mile Constant. Tliis 
should be carefully memorised. It 
enables the resistance |K*r mile of any 
c'onductor, which may be named by 
its weight per mile, to Ik* at once 
ascertained. Thus, if 70 lb. bronze 

is referred to, - -- 20, which 

4U 

is the resistance in ohms per mile. 
Erection of Wire. The 

cfTeets of temperature have a 
most im)>ortant bearing u]>on tbe 
erection of aerial w'ire.s. It is 
clear that if w'ires are ereetcMl in 
hot summer w'catlier, w hen w in- 
ter approaches, owing to the 
tiecrejse in temperature, they 
will gradually shorten, and if 
sufficient allow'anee is not made 
for this, it is possible that the 
limit of elasticity may l)e passed 
and the wires ultimately broken. 
Arrangements are therefore 
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made, so that the stress to which the wires are pulled flux is then applied, and the joint rapidly soldered, 

up on erection is arranged with reference to the overheating l^ing carefully avoided and the joint 

temiHjrature in such a way that should a winter being allowed to cool naturally. In order to prevent 

temperature of 22® F. occur, the stress will then be electrolytic action, the joint is subsequently black 

at the maximum allowed — namely, one-fourth of varnished. 

the breaking stress. This is another way of saying Wire Running and Binding-in. In order 
that wires are erected with a factor of safety of to pay out the wire uniformly, and for the purpose 

4 for low winter temperature, and that at all other of avoiding kinks, a rotating drum is employed, 

times the factor of safety is higher than 4. To secure A long length of wire is run out sufficient for 

this state of affairs, tables showing the eight or ten spans, the wiremen passing 

stresses for various lengths of span it out loosely over the arms at each 

corresponding to different tempera- H ^ pole. The wires are first drawn up as 

tures are prepared for all classes of tjF Q • tightly as possible by hand, and then 

conductors, and supplied to the OE ^ by draw tongs. A tension rachet is 

wiremen, who are also supplied with ^ f ^ ^ connected to the draw tongs for the 

thermometers. Owing to their differing T7 ♦ H W ])urpose of observing the stress. When 

temperature coefficients, dissimilar ^ ^ the wires have been drawn up to the 

conauctors are never, if it can be Q proper tension they are attached to 

avoided, erected on the same pole ^ the insulator. This is done, in the 

route. For bronze, a factor of safety of IjW I case of iron wire, by using 60 lb. bind- 

3 instead of 4 is employed. lU K li wire. This is first lapped round 

Twisted Wires. For the pur- U,,/ ^ insu- 

pose of eliminating inductive disturb- * ' lator, then taken round the neck of 

aiice in metallic telephone circuits, it '!j\ / - ... the insulator and lapped round on the 

is necessary to arrange the two wires || it i — ^ other side; two thicknesses of wire 

which form a loop in such a way that j JA ' are usually employed. For copper wire, 

tiieir average distiuice from all dis- JM « ^ different method is in vogue ; the; 

turbance is the same. This condition t ^ line wire is first served with a sheath 

is attained in England by causing the | '! of copper tai>c to protect it from abra- 

wires to revolve round each other. u against the insulator neck; a 

Four wires forming two telephone cir* ^ • f‘0]>per binder, about 20 in. long and 

euits are taken together, and arranged pM 2 pSIK ** * having its centre of round copper and 

so that they form a square on, say, the its ends flattened out, is then applied ; 

left side of the pole on the top two arms 31. pole for heav’Y the round part passes round the 

[30]. These are numbered as follows: TRUNK lines insulator neck, and the flattened ends 

No. 1. — Top outside, are wrapped round the taped conduc- 

No. 2. — Top inside. tor, the wra])ping iK'ing arranged over on one side 

No. 3. — Bottom inside. and under on the othei*. It need hardly be stated 

No. 4. — Bottom outside. that the strcs-s is greatest at the point of the attach- 

At the next pole the wires from No. 1 position ment to the insulator, and tlpit this is where break- 

will shift to No. 2 position, the No. 2 wire to No. 3, ages most usually occur. 

and so on. and this process is continued, so that Maintenance of Aerial Wires. Skill 
on the fifth pole the wires come back to the same and judgment areas necessary for the maintenance as 

position that they occupy on the first, having com- for the erection of lines .such asha\e been described, 

|»leted one revolution. If, now, a single- wire tele- and in stormy districts the lives of the engineers 

gra])h circuit is sending out disturbing electro- /rrm linemen are seldom troubled by monotony, 

magnetic waves, the inductive effect on one .As the number of wires increases, constant 

wire of the telephone circuit will be balanced vigilance has to be exercised, to eliminate weak 

by the ecjual and opjiositc effect of the other. ! spots. The poles have to be examined periodi- 

and the disturbance will be completely elimi- | II eally to see that the normal factor of safety 

nated. Here, again, a curious difference exists ^ has not been unduly encroached upon. In dis- 

between Knglish and American practice. In 33. tricts where snow' prevails accumulations some- 
Amerien it is preferred to run the wires straight suLATOR place which transform the wires 

on the arms, introducing, however, ero.sses at into white roi)es of 3 in. to 4 in. diameter, 

frequent intervals on w'hat are known as “ trans- a result which is usually follow'wl by the practical 

position poles.” demolition of the lines, especially w'hei*e frost 

Joints. The connections between successive and wind follow the accumulations. Trees arc 

lengths of wire are made by means of the Britannia often blowm by the wind across the lines, and w’hen 

joint. The ends of the two lengths of wire are cut one span has been broken tlmough, the trouble 

off and laid side by side for about 2 in., binding wire may run back for a considerable distance, owing to 

is then wTapj>ed round the conductors over the the sudden removal of the balancing stresses, 

whole of the over-lap portions, and with a few Spans over rivers and ravines have to be negotiated, 

turns on the single conductor at each end ; 60 lb. and in all cases the work of repair has to be done 

tinned copper wire is used for copper conductors, against time, as communication must be restored 

and 00 lb. galvanised iron for iron conductors. A after the briefest possible interval. 

Coyitinued 
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BIRDSTUFFING 


INCISION 

Thread loop tying up beak 


materials as those required for mounting small birds. 

Before skinning, an outline of the animal should 
be made by laying it on a sheet of brown paper in 
as near the position as possible in which it is intended 
to mount it, and its shape marked with a long pencil 
or crayon, the size of the body being marked on this 
sketched outline. 

Always skin an animal down to 
the toes. The tails in small animals 
can be drawn without cutting them 
open. The lips must be split, and 
moist clay inserted to give them 
fulness, llie ears must be skinned 
and clay used to replace any flesh 
taken away ; sheet zinc, cut to the 
proper 8ha}x?, is used to stiffen and 
keep them in position. Always keep 
the leg bones on the skin, as they 
are invaluable in 8ha])ing and posing 
the animal. 

The hard. egg*shaix^d body used 3. birdstuffing : skin 
in bird-stuffing is not used for stuff- turned inside out 
ing animals. The head and body froai neok 

wire is twixted tightly in with the 
fore legs first, then the hind legs. 

The length of wire used must allow for fixing the 
animal upon the stand. 

The neck and body are gradually filled with 
cho])ped tow, wood-wool, and sometimes with hay, 
keeping the shai*e and idtimate position in view. 

Never use tow without chopping it u]) small, or it 
will form an immovable ball inside the skin, and 
show an ugly lump; cotton-wool, also, should 
1)0 avoided for the same 

\A 



reason. Soft pi]X*elay is very 
valuable in the head, feet, and 
those parts where such details 
as muscles must l)e shown. 
Always use annealed iron wire, 
thick enough to give stability, 
and bear in mind that itiseasier 
to add a little stuffing than it 
is to iret it out. 

The hair must Ix' cleaned and 
brushed and combed in its 
natural direction while the 
s|wcimen is wet ; blood and 
grease must be Mashed out 
before stuffing. Fat left on the 
inside of the skin prevents any 
preservative acting properly, 
and Mull cause the skin to rot. 
It is better to alloM" the skin to 
remain a few hours for the 
alum to act on it before apply- 
ing the arsenical soap. The 
action of alum is astringent, 
shrinking the skin and so fixing 
the hair firmly by the roots ; it 
will also extract the surplus 
moisture from the skin, but 
any crystals remaining undis- 
Holved are better brushed off 
before applying the arstmical 



Lrarger Animals. The larger animals 
require a different treatment; the legs in animals 
the size of deer and larger must be opened right 
down the inner side, so that the seam is least 
noticed udien mounted. The irons for the legs will 
require to be tapped, and two nuts fitted to each 
leg, to give the support to carry 
the wei^t when fixed up. The 
irons must be bent to the proper 
curves and angles, which the paper 
outline will give. A board, about 
2 in. thick, must be cut to the 
THE first shaY»e and size of the body. The 
leg irons are very firmly fixed to 
the board by iron staples, as also is 
the iron for the head and tail. The 
head iron is brought through the 
skull by passing it through the 
nostrils, and is cut to its proper 
length when the head is finished [ 5 ]. 

The hulk of the body is made up by 
fixing dry straw to the body board. 
It must be tied securely round the 
board with string, shaped as nearly 
as possible to the pattern and 
measurements, and made a little under the proper 
size [6]. The skin may uom' tried on, and if 
the edges meet eomfortahly, and the legs are the 
right length, the skin may l)e seum up. Begin 
sewing at the neck and work downwards. 

The dried skins of the larger animals are very 
stubborn, and rtMiuire to be pared down wdth a 
8iK)keshave, the skin being laid on a short length of 
a scaffold ]>ole. A knife must be used for the more 
important parts, such as the ears, the eyes, and the 
nose; and the lips, if they cannot be split, must have 
linen sewn round the edges to form the pocket for 
filling with clay. 

Fish Stuirniig. The stuffing of fishes is one of 
the most difficult branches of taxidermy, and 
it will try the patience and skill of the novice 
to the utmost. 

The fresli water ])erch is a good s])ecies to 
exj)eriment with. Choose the Ix'st side for 
the show sale, and mark its outline on a 
sheet of pa])er as a guide. Make ta cut 
on the other side w ith a strong pair of 
scissors, down the middle of the 
body from the centre of the gill 
cover to the root of the tail. Use 
a knife to free tlie skin from the 
flesh, and cut from tail to head. 
The skin of a scaly fish must 
not be turned, as in birds and 
animals, or the scales will la* 
disturbed. The root of the tail 
and fins must be cut wdth the 
scissors inside the skin. Sec 
that the ])oints of the scissors 
do not cut the skin, or a few 
scales will drop out. The gills 
and all the bones of the head 
must l>e out aw’ay with the 
scissors. When the skin 


stuffed bird ready fob drying 


IS 

soap. The eyciT, ears, lips, and a. Head, nw*k and body wire b. Tail wires c. Leg ready, it must be soaked in 

toes require social attention, wires d Wing wires e. Pins to keep cotton in water to remove any blood and 

to see that the alum is worked slime that may afihere to it 

in well. If the skin cannot be siil>s to hold ud feathers 

stuffed immediately^ do not let it remain folded on saved, ns they will, perhaps, be w'anted for repair- 

itself ; place a little hay or tow inside it to prevent ing the skin. 

There are several methods of stuffing fish, and one 
of the simplest of them can be used lor fish up to 
the weight of 5 lb. Take fine yellow sea-sand, damp 
it so that it is just tenacious enough to retain a 
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the inner surfaces touching. If this is not done, 
the skin will sweat, decompose, and the hair W'ill 
fall off at the slightest touch. The leg bones must 
also be wound round WMth tow. 
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fthape whe.i »rras]icd by the handful. After UBing 
ar-senical soa)> on the skin (alum Rhoiild not be usod 
for tish), sew up the skin a few inches at the head, 
and also at the tail. Place a loose ball of tow in 
the mouth to keep the sand from coming out, 
and fill the skin with the wet sand, pressing it 
tight and modelling the 8hai)e as the filling proceeds. 
Finish the filling in. the middle of the body and sew 
it up. Tlie fish must now 1 k" turned over on a board 
a little longer and wider than itself on which it is to 
lie and dry. Pat the head into 
Rha]ie, and work the body 
douiiwards to its ])roper curve. 

Fish skins always tend to l)e- 
come longer, and this must be 
)n*evented, or the res\ilt will l>e 
a failure. The fins and tail 
n\ust be extended and fixed 
between two pieces of card- 
board, pins l>eingused for fixing 
them. The fins and tail must 
not l>e allowed to dry during 
stuffing, as in this state Uiey 
are very brittle, and cannot be 
extended projaTly. 

When tl\,c fish is ])ro|ierly 
fi-xed, a thin coat of gelatine, 
melted in warm water, will keeji 5. 
the scales in position. The fish ?• 
must now be placed on a warm 
shelf to dry slowly, and examined 
occasionally to see that it is drying smoothly. 

When the tish is dry, remove the sand by opening 
the seam and gently tapping the borly. It is then 
filled with tow, woo<l*wool, etc., and the seam glued 
together and covered by a strip of linen, A small 
wooden block to which are fixed two wires is also 
glued on the seam for fixing up the fish in a case. 
The fini«ihing and colouring of fish require much 
practice, and it is easy to overdo the colour. Use 
whenever )K).s.sible transyiarent oil colours and a 
clear “ crystal varnish. Tlie 
Iwlly colour is the most ini- 
|)ortant point fo get right. It 
is usually white, and is shaded 
very gradually to the colour of 
the sides. 

The eyes must be of the same 
size as in nature ; the orbit of 
the dried fish is alw'ays larger 
than in nature, through shrink- 
age, so it must Ik* filled up to 
its projier .‘^ize with a comyxisi- 
tion to be described hereafter. 

«Mountinx Animal 
Heads. If the animal has 
horns, it must Ik* skinned by 
having a out made up the back 
of the neck until it is level with 
the i)ase of the horns, when a 
T'ShaiK’d rut must Ik? made up 
fo each horn, and continued 



6. MA>’NIKIN READY FOR SKIN 
a- Artificial leg bones of \vo<Ki 

round the bases to free the skin, so that the skull 
(‘oines away entirely from the skin [ 8 ]. Remove 
the flesh from the skull, which must be boiled until 
thoroughly clean, and when it is dried it will be 
ready to mount inside the skin. The skin is 
rvihlied, first with alum, and then w'ith arsenical 
soap, and the ears fitted with zinc and clay. 

Heads are fitted up differently from those of 
animals stuffed entire. Thick wot^ takes the place 
of iron for the support, and a piece of quartering, 
longer than the neck, is fixed in the skull, and several 
long screws driven at right angles through fhe hone 
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into the wood. Cut a hoard not less than 1 in. 
thick, nearly the shape t»f an elongated egg, and 
trim off all sharp edges smoothly, lliis is called 
the back-board, and must correspond with the size 
of a cross-section of the neck at its extremity [ 8 ]. 
The quartering, having been fixed in the skull, must 
l)C cut to the length of the neck. "Jlie neck should 
Ik* as long as the skin will ]K?rmit ; short necks look 
very had, and an animal stuffed with a long neck can 
Ik? made to look ?uueh more lifelike. 

The skull, as at present fixed, 
should Ik? hung on a wall, to 
find if the quartering is cut to 
the projier angle, so that the 
neck may Ik? given a graceful 
curve. If there are horns in 
the specimen, the points can lx‘ 
brought to W’ifhin 2 in. of the 
wall with safetj’. Horns do 
not always grow’ evenly, hut it 
is possible to rectify this slightly 
while fixing np the skull. VVhen 
everything is satisfactory, wood- 
wool is hound round the 
(piartering to the shajK? of the 

n(‘ck («]. the skin is fitted on, 

and st'wii ii]). Hegiii the sewung 
EREf'TION FRAME FOR .\N ANTELOPE at the horns, and work down to 
Hewliron b. Neck iron c. Tail iron r/. Lc,i the hnek-Vi/vird • nnv stiiffinir 
r. BtKlvwood /. Temporar% stau.i Leu i - stiimng 

iron nutM wiiicli flic neck requires must 

Ik? inserti'd liefore the skin 
fixed to the back-hoard. Three-quarter inch French 
nails are the best to use for fixing the skin, as in 
drxfing the skin strains very much, and w’ould pull 
shorter nails out. Therhe<‘ks are stuffed from the 
mouth and eyes, and the head finished as in entire 
sjiocimens, plenty of elay being used in modelling 
the eyes, nose, and mouth. The glass eyes should 
he put in after the skin has drk*d, on account of 
fhe shrinkage during drying. 

The shrinking of the skin is the bane of the 
taxidermist. The chief ennses 
of shrinking are insufficient 
])aring dow-n of the skin, using 
clay too wet, stuffing the speci- 
men too loosely, and not fixing 
and sewing up the skin tightly. 

Refore colouring (he eyes, 
nose, and mouth, the speeiiiien 
must Ik? cleaned and beaten 
thoroughly. White French jKilish 
and methylated spirit in equal 
parts, and dry powder colours, 
are the lK?st materials for (mlour- 
ing. Use stiff hog-hair brushes 
to work the colour in, and do 
not forget that the colour W'ill. 
when dry, lx* half as light again 
when the s])irit evaporates, 
which it does quickly. A little 
varnish will lie required on 
jjortioiis which in nature art 
WTt, such as eyelids, nostrils, otien mouths, and lips. 
The horns are cleaned with soda-water, and nihlx*d 
with linseed oil and tnrjK*ntine, to darken them. 

Finishing and Casing. Cases should not 
be cramped, plenty of room l?eing allowed for rock- 
work, glassoH, and fittings, in order that they may 
be disjfiayed in a natural way. 

The ease had l>est ho made by a enhinetmaker ; 
the wood used mostly is deal. Insist on having the 
best material and workmanship, as a faulty cose 
will 8jK>il everything. l^inel hacks to all cases are 
iHist, as splits in the wood ai(? tliim avoided. The 
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back is lined with calico, carefully stretched and fixed 
with glue and tacks. When this is dry, paste white 
lining paper evenly over the calico. All the wood- 
work which is inside, except the bottom, must be 
coated with size mixed with powdered red lead ; if 
this is not used the resinous matter and knots of the 
wood will show through the paper and make ugly 
R])ots. The inside of the case should be coloured with, 
water colours, and a landscape may be represented. 

R.OcKwork. Rockwork is made with brown 
])nper supported with wood, and in large 
work the basis is canvas, covered with 
])nper wetted with warm water, and laid 
on evenly with glue. Considerable taste 
and practice are required to get the 
a})j)ropriate angles and curves to imitate 
different forms of rock. 

When the ghie is dry, the basis is quite 
stiff enougli. Melt some size by adding 
one-fourth its bulk of water, add slowly 
to it crushed whiting until it has the 
consistency of gruel: apply this Jiot to the 
]>re]mred basis. Have some dry sand, y 
yellow or silver, aecrording to Ihe rock 
you wish to represent, heated to a 
lem|)ernture eomfortable to handle, and 
tlirow it forcibly on the hot composition. 

When cold gently knock the rockwork, and all 
sand which has not adhered will fall off. f’olonrs 
ground in oil will do for colouring the r(X‘kwork. Do 
not overdo flie colours — follow Nature in every way. 

(Jras.ses, ferns, rushes, and boughs must be 
thoroughly dry before using, and may be coloured 
with oil colours to which a very little varnish is 
a<lded. Avoid stiffness : everything should look 
as if it were growing. This ]K)rtion of the work is 
one which requires and deserves as much lime as 
]>ossible to be devoted to it. 

The glass should Ik* rut to 
fit the ease exactly and fi.xed 
by strips of wet ]Kif)er of 
the same colour as the ease. 

Black is by far the l)est colour 
to show up most subjects. The 
pH|H^r is applied with very 
smooth paste made from 
onlinary flour. As the ))aper 
shrinks in drying, it gives a 
stronger fixing. 

Cleaning Skins. Fresh 
))lood can l)e removed easily 
by washing the blood patch 
with warm water of a tem- 
j)ernture not above blood heat, 
in which is dissolved a little of 
Hudson’s Extract of Soa}). Jf 8. skinninq a head 
n bird is the subject, never «• b. Skin i»arth 

allow the feathers to 1 m' wet Shape of cm 

longer than is absolutely neeessarv, and extract us 
much moisture as y)ossibie w'ith a dry duster. Then 
saturate the feathers with benzoline, sprinkle 
plaster of Paris over them, beat the ])la8ter off 
again at once, and rej)eat the process, using fresh 
plaster and adding more benzoline until the 
feathers appear dry. 

Benzoline is a solvent of grease ; it also forces 
out the water contained in the feat hers and prevents 


the plaster from setting, but quick l>eating is . 
required wlicn tlie first plaster is applied. The 
])laster absorbs the grease dissolved by the benzo- 
line and also cleans the feathers ; but the skins 
must he thoroughly beaten to get the plaster off. 
If the skin has no blood on it, the soap-powder 
and water will not be required and much time 
will be saved. This recipe, will also answer for 
the treatment of small and large animal skins. 

The composition for stopping up and repairing 
holes is made by mixing melted glue and 
wdl ground whiting to the consis- 
tency of stiff dough; the amount of glue 
must be determined by testing the 
composition with the fingers. It should 
foci tacky and stick to the finger ; if 
• , il crumbles add more glue. When 

worked well together, add one table- 
s|>oonful of boiled oil for every pound of 
gltic used and knead the constituents 
until they are thoroughly mixed. The 
(tom))Osition can be used after it has 
beconie cold and hard by steaming. 

In fixing artificial eyes, modelling 
nostrils, lips, tongues, and the innunier- 
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WOODWORK FOR 
OAZELLE HEAD 

requirements of taxidermy, this 
composition is used. It can be made to 
iinitale any surface by manipulating it properly, and 
is easily coloured. 

Arsenical Soap. This is made of 31b. wdiitc 
curd soa}), 3 Ib. arsenic powtler, and 8 oz. camphor. 
Slice up the soap and melt over a tire in ns much 
water ns w ill just cover it, and stir well to keep it 
from burn ing. Crush the camphor very small with a 
little methylated spirit and add this, together with 
the arsenic ]>ow’der. The whole should form a creamy 
paste. Arsenical soa)) has l>een decried by some taxi- 
dermists, but it still holds 
its ))laee with the trade, and 
w'ill do so until a better ])re. 
servative is found. 

Treatment of Skins 
for Storing. Animals’ skins 
are sometimes found infested 
with a yiernieious insect (Dcr- 
niestes) the grub of a small 
l)eetle. It is the most destruc- 
tive insect with which the 
taxidermist has to contend. 
It eats through the toughest 
skins and it has been known 
to eat through cork. When 
this )K*st is found in any 
s|)ecimen, instantly saturate 
everything in the same case 
or box with turyientine, and 
keep the case closed for a 
short time. 

Na)>hthaline crystals are very good to use in 
boxes of sfK'cimens of all kinds. Cyanide of 
potassium is a dangerous f)oison, but a ))owerful 
insecticide if placed in boxes of skins; it should be 
enclosed in a block of j)lastcr of Paris, the cyanide 
Ixing ))lnccd in the plaster before it has quite set. 
If it is not enclosed in plaster, the chemical 
will absorb moisture, and run on to the skins with 
which it is in contact and spoil them. 



9 . GAZELLE HEAD 
Ready for skin to ia* 
flttei! on 


Taxidermy concluded ; followed hy Bactertojxigy 
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General Conetmetion of Several British and Foreign 

MARMOI.IUS AM> IHH.'KH 

i-oiitiiined from {Mfe QuaO 

Harbours. Natural Harbours. Breakwaters 


By A. T. WALMISLEY 


Dublin Harbour. This is a type of the 
jetty harbour, with jetties converging towards the 
entrance. The river Liffey forms the channel of 
the harbour, dividing the flat, sandy beach into 
two strands, called the North and South Bulls. 
The tendency of the sandy de]X)sit from the sea 
was to form a continuous strand all across the 
western shore of the baj’, which was only partially 
prevented by the tidal flow in the river, and the 
result was a bar at its outlet. The outlet channel 
of the river was regidated by the construction of 
a rubble embankment along its southern side, 
callerl the Great South Wall, com])leted in 179(1, 
which served to protect the channel in south- 
westerly gales, and prevented the inroad of sand 
from the »South Bull, but no improvement resulted 
owing to the absence of scouring power in the 
river. The North Wall was constructed from 1820 to 
1825 in order to deepen the channel across the bar. 
This wall was raised to only half- tide level along 
its outer y>ortion, so as to allow the earlier half of 
the ebbing current to flow over it, this }X)rtion of 
the current possessing little scouring effect. The. 
construction of the.se .solid jetties — 3^ miles and IJ 
miles in length re.s^)ectively — gradually lowered 
the bar from 6 ft. below low w'atcr in 1819, to 
16 ft. in 188(1. this result having been aided by 
dredging in the inner channel, and by the removal 
of ballast from the north strand within the northeni 
jetty. 

Sunderland Harbour. The outlet of 
the old entrance to the port of Sunderland was 
originally guided by parallel jetties acros.s (he 
sandy b<?acm, but when docks were constructed, 
a new southern outlet with converging piei-s was 
provided, affording a bedter de])th of water. As 
the chief littoral drift comes from the north, the 
entrance has been made to face south-east. The 
plan of the outer harlxjur is spt^cially favourable 
for stilling the entering waves, and gives ea.sy acce.ss 
to the two dock entrances ; it also affords ample 
area for dredging. The docks and outer harbour 
form artificial sluicing basins, which concentrate 
their scouring current through the narrow entrance. 

Aberdeen Harbour. This harlxiur con- 
sisted originally of the natural channel of the 
River Dee at its outlet into the North Sea. During 
north-easterly gales a channel over the sandy 
beach could be maintained only with difficulty by 
the tidal waters, and a bar existed at the mouth 
of the river. The north pier w^as constructed 
about the year 177.3 to a di.stance of about 1,200 ft. 
from high-water mark, with the object of stopping 
the drift of sand along the shore from the north, 
or of carrying it out to such a distance that the 
main tidal current would convey it awav, thus 
removing the bar. The scour ])roduced by this 
work and by a southern jiicr, w hich was constructed 
parallel to the river on the opposite side, maintained 
a depth of about 2J ft. over the bar at low-water 
spring tides. In order to provide a largo harl^ur 
with letter shelter, new works were carried out 
consisting of a southern breakwater and north 
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pier extension. The southern breakwater was 
completed in 1873, and the north pier extension in 
1877. The constniction of both was concrete on 
the upright wall system, and both are somewhat 
similar in section. The works have so far accom- 
plished the objects for w'hieh they were designed, 
in having provided a large harbour sheltered from 
south-easterly gales and in giving a wide entrance* 
(1,1(X) ft.) between the pier-heads in a depth of 
about 15 ft. at low- water ordinary spring tides. 
The bar which formerly existed has been kc])t 
down by dredging during the summer months. 

Parallel jetty harboiuie have not proved univer- 
sally successful in the North Sea and in the English 
Channel for providing a deep entrance without 
constant works of maintenance. Silt generally 
accumulates outside the jetties from the picr-hcads 
to deep water, and consequently dredging is re- 
quired here. Parallel jetty harbours arc among 
the most difficult class of harbours to design and 
maintain successfully, but the eonstruetion of 
sluicing basins, and the development of dreJging 
plant tend to imi^rove their condition considerably. 

Lowestoft and Ostend Harbours. 

Ijowestoft Harl)our w'ns originally formed by 
cutting a channel from a low-lying marsli, called 
Lake J.iOthing, to the sea, anil parallel wooden 
jetties w'ere carried out across the bench, on each 
side of the channel, to a depth of 12 ft. at low* 
water spring tides, but it was found that the scour 
producc‘d in the channel by the ebbing of the tide 
from I^ake Ijothing, was not powerful enough to 
contend effectually against the drift of sand and 
shingle from the north across the entrance, and 
consequently a bar was formed. Subsequently 
additions were made to the harbour by building 
piers on each side of the old entrance channel. 
The harbour authorities have had to resort to 
dredging from time to time in order to mainbiin 
a .sufficient depth of water. 

The peculiarities of the site of Ostend, where 
ojjen jetties control the harbour entrance, lie in 
tlie fact that as the coast-line projects, the sea 
tends to encroach rather than to recede, so that 
the foreshore has not advanced like other jetty 
harbours. Groynes fonned along the beach to 
the west of the harbour protect the shore. The 
jetties cannot be lengthened to reach deep water 
owing to the “ 8troom-bank,” which extends in 
front of the entrance at a short disbmeo from the 
shore, and the navigable channel is between this 
hank and the end or the west picr-hcad. Though 
a regular mail service has existed for many years 
between Ostend and Dover, the bar has at times 
hindered the entrance and exit of the steamers. 
The sluicing basin near the entrance to the harl^ur 
has hc]j>ed to maintain the necessary depth of 
water for the passage of the mail steamers, but the 
development of medem dredging plant has bellied 
to minimise this trouble. 

Dieppe and Boulogne Harbours. The 
entrance channel at Dieppe harbour is guided 
and protected by parallel jetties. It has a shiicing 
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for iiiaiut;»inin£r the doptli 
of the channel. The outer, or 
tidal harbour, gives access to 
the various basins, which are 
entered through locks, provided 
with gates for maintaining a 
high-water level. Solid ma.sonry 
(juaya line the inner ]X)rtion of 
the jetty channel, except for a 
portion where there is an opf*n 
jetty of ironwork which com- 
municates with a stilling basin 
for reducing the swell following 
the concave side of the channel. 
Open jetties are eonstnicted along 
the outer portion of the channel 
near the pier-heads, with stilling 
basins lx;hind for receiving the 
entering waves, the older western 
jetty l^ing made of timber. 
Shingle travelling along the coast 
used to obstruct the channel to 
a certain extent, by passing 
round the west jetty and settling 
along its inner face, but was 
removed temporarily by the 
sluicing current. This travel of 
shingle has been jiartially ar- 
rest^ by a series of groynes 
constructed along the shore to 
the west. 

The south - west jetty at 
Boulogne is built of masonry 
up to high-water spring tidc^s, 
with a superstructure of open 
timber w'ork, and extends out 
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beyond the other to facilitate 
the entrance of vessids. The 
north-east jetty is solid along 
the inner |X)rtion and consists 
of 0 |>cui till! her- W'ork for the 
outer 1,000 ft. 

A sluicing basin, having an 
area of 103 acres, maintained 
the channel between the jetties 
at a dc]ith of 5} ft. below low- 
water spring tides, but the bar 
beyond the ])ier-hoads was some- 
times a foot above low water. 
Dredging by means of sand 
pumps had to resorted to 
for improving the depth. The 
south-west jetty has been ex- 
tended and two additional jetties 
constructed, so as to enclose the 
old jetty harbour. Two entrances 
are provided facing north and 
west respectively, 820 ft. and 
490 ft. wide. Docks and quays 
have been constructed within 
the area, sheltered by the break- 
waters. The breakwaters consist 
of a solid superstructure ol 
masonry resting at low- water 
level upon a mound of rubble 
with concrete blocks to protect 
the sea slope. 

Calais Harbour. The 

jetties forming the entrance to 
Calais harbour consist of open 
timber- work resting upon a 
foundation of pitching and 





fascines ciiiTiod up slightly al)ove the level of the 
l)cach, to allow of the free How of the eurrents, hut 
preventing the inroad of sand into the channel. I'ho 
inner portions of the jetties are constructed with 
masonry up to high-water level. The width of 
the entrance is 430 ft. For sluicing the entrance 
channel, a sluicing basin having an area of 2r»0 acres 
is discharged, and dredging is also ])ractiK‘d to 
obtain a minimum depth of 13 ft. of water below 
ordinary spring tides in the channel. The harlwiir 
entrance has been improved as descrihed in a )»a])er 
i-ead l>efore the Institution of Mechani(ail Engineers 
at their visit to Calais in 18S0. 

Harbours with Detached Break*: 
waters. The Ix'st protection for vessels (next 
to an estuary) is that afforded by Nature in tin* 
form of a bay, with projecting hcadlaiuls on each 
side, which re(|uireH shelter only at its entraiu'e. 
to form a ])erfeet harbour. 'Dh' (‘otistruction of a 


having an area of al)out 13^ acres, including the 
entrnnec passage. The inside basins form the 
(iranvillo Dock fl and 2], which has an area of 
about 4 J- acres within the gates, its entrance being 
br> ft. wide, with 21 ft. clearance over sill at high- 
water spring tides, and the Wellington Dock, having 
an area of 8J acres within the gates, its entrance 
being 70 ft. wide, with 15 ft. clearance over sill 
at high-water spring tides. The Admiralty pier 
was f)egim in 1847, and completed to a length of 
2.100 ft. in 1871. In 1877 a portion of the para]>et 
on the west side of the pier was carried away 
during a south-westerly gale for a length of 1,050 
ft., and subsequently reconstructed to an increased 
t ransversc width. As a whole, the })ier has proved 
1 1 he a stable breakwater, requiring only ordinary 
I laintenancc and affording excellent shelter. This 
]»)er was constructed to form the western arm 
f f the large harbour then con tern ])lated for the 
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dcta(thed breakwater across the entrance provides 
the necessary additional shelter. A space being 
left Ijetween each extremity of a detached break- 
water and the coast (or iK'tween each extrennty 
of a detached breakwater and jetties ronneetell 
with the coast) two entrances are formed. If 
these entrances are made to face different direc- 
tions, an advantage is gained, in that one entrance, 
may be used when the other, according to the 
direction of the wind, may not l)o convenient. 
Another imi)ortant advantage in having a double 
entrance lies in the fact that a current is generally 
produced through the harbour, which ^innents the 
tendency towards silting. 

In designing harbours, however, ex}x>scd to silting, 
it is impossible to procure tranquillity without at the 
same time promoting deposit unless the silt -bearing 
waters are excluded, in which case the silt a ecu mu - 
lutes outside instead of inside the harbour. 

Dover. The entrance to the inner harbour, 
140 ft. between piers, leads to a tidal harbour 


(Jovernment Harbour, and has Ijeen lengthened 
to meet ])resent requirements, having been recently 
extended 2,000 ft., and has a batter of 1 in 12 
on tl'.c outer face, so that no resistanec may ho 
opijiosed to the u})ward movement of the water. The 
inner face has a similar batter, with timl>er fenders 
attached to enable vessels to l>o moored alongside. 
The average height of the pier from foundation 
to roadway may he taken at about 78 ft., the base 
width lieing nearly 50 ft. The Prince of Wales Pier 
is 2,910 ft. in length, and was built to give shelter to 
the cast side of the harbour. This pier is 30 ft. wide, 
but has Ijeen widened by means of a landing-stage 
on the west side to j)rovide for a station. This 
]»ier now becomes an imier l>oundary between the 
Admiralty Harbour and the commercial harbour. 

Sites for Harbours. Not only is a geo- 
logical knowledge useful in selecting sites for har- 
bours, but the geographical position must be 
eonsidei*ed. Bays and indentations of coast-line 
offer the ap])ropriate sites for harbours, and 
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advantage should bo taken of the 
shelter afforded by natural headlands 
to enclose the greatest area of deep 
water within the works. Rivers, while 
contributing a ready and satisfactory 
]>o8ition for trade centres, may have 
their drawbacks in the shape of swift 
currents as well as bars and shoals. 

Naliirnl harbours form r.ome of the 
finest harbours in the world, for even 
when not complete, they in many cases 
require little alteration to render them 
safe and commodious. 

BreaKwaters. The type of 
breakwater formed of largo mounds 
of rubble, paved on the sea face from 
low water up with heavy stones so ns 
to present a smooth slo|>c to the waves, 
has frequently been much damaged 
by storms tearing away the paved slo^s* 
and eating into the heart of the work. 
The ty])e of breakwater formed of rubble 
mounds reaching from the bottom of 
the sea to a little over low- water Wei, 
along which mound a vertical wall or 
baeklx>ne of masonry is built, having 
its foundations laid at low-water level, 
may fail by the sea washing aw'ay the 
foreshore of the rubble and under- 
mining the masonry wall, which is 
then readily reached by the waves. 
The tyi^e of breakwater formed of 
rectangular blo<‘ks of stone or con- 
crete of eomnaratively small size, built 
into a vertical wall from the bottom of 
the sea upwards, is very costly when 
the blocks used are small. The type 
of breakwater formetl ot rubble mound 
reaching from the bottom of the sea 
u]>wards, along which is built a vertical 
wall fornted of comparatively small 
blocks -the foundations of this wall 
being laid not at low- water level, but 
several feet Inflow low water — is liable 
to damage from settlements in the 
mound and from the size* and bond of 
the individual blocks proving in.sijfli- 
eient. Large blocks have been used 
at recent harbour works, the largest, 
weighing 3d0 tons, Ix^ing those used at 
Dublin by Mr. B. Bincbui Stoney. 

Except in rock foundations, more or 
less settlement <^an seldom be avoided, 
and the greatest occurs in rubble 
mounds. Breakwaters built with sloping 
courses readily accommodate themselves 
to settlement by an exceedingly small 
opening of the joints. 

A general settlement is of compara- 
tively little importance. A settlement 
of about 3 ft. (I in. — approximately 
one-fifteenth the height of the mound 
—occurred in the Holyhead break- 
water after the superstructure had been 
built, but the movement was so gradual 
and regular that the work was not 
affected by it. In the Colombo break- 
water, which is composed of sloping 
blocks, the settlement amounted to 
about one- tenth the height of the 
mound, measured from sea bed to the 
base of the superstructure. The i...,,. . 
structure followed it down without any 
appreciable disturbance of the work. 


6334 





CIVIL KNQINKEIIINQ 


Breakwaters with side walls of concrete blocks 
and hearting of dry rubble is a form of con- 
struction which has many disadvantages, and is 
suitable only when the amount of exposure is 
small. The hearting of dry rubble is the chief 
cause of weakness. There is nothing that com- 
mends itself more to the mind of the engineer 
where a foundation is established upon an un- 
yielding strata, obtained at a workable depth 
below Tow-water level than continuity of a pier 
foundation. 

Concrete Breakwaters. Breakwaters are 
also formed of concrete blocks throughout, laid in 
horizontal courses. The foundation must be 
carefully levelled to receive the first course of 
blocks, which necessarily must be laid by divers, 
the remaining comscs of blocks being laid by 
a “ titan,” or setting machine. The blocks below 
low water having to be bedded without any cement 
juortar, are of)en to the defect of uneven bearing 
and possibility of breakage and settlement. All 
blocks are preferably laid as headers ; loose beach 
stones drojiped into recesses left in the sides in 
a similar manner to holes for dowels serve ad- 
mirably below low-water 
level to prevent one block 
sliding in front of another. 

Divers do not care to work » 

at a greater pressure than 
45 lb. iX 5 r square inch or in 
a depth of, say, a little over — 

100 ft. of water. The h -r T 

foundation sometimes is faX 

formed with mass concrete, 
or with concrete in bags, z.. 4 ..*. Pr I 

deposited by means of iron ^ .V. 

skips of from 5 tons to 20 if ~ ", ^ ' 

t-ons capacity, having their 3— 

bottoms formed of Tids or *9 — 

fla|is o]X‘ning outwards, or i 

w'itli boxes with similar 

arrangements. Precaution 

imist betaken for concrete t 

bag work to be deposited (~^ ~ 

as soon as possible after - — f - r tm "ym 

mixing. Bag work can 

Iw roughly levelled by 

divers pressing it directly SECTION OF ADW 

after de])osit, and before 

setting. The bags may be made of jute. 

For concrete used in bag work, the most 
suitable proportions are 1 of Portland cement to 
4 or 5 of sand and shingle or broken stone, and 
quick-setting cement is usually employed. Any 
voids or Bjiaces between the bags after being 
deposited can bo filled up with small bags or 
mass concrete. More rapid progress can be made 
with the tyj)e of breakwater com]X)sed of concrete 
blocks laid in slojiing courses, as compared with 
the horizontal block type, and less overhanging is 
required in the “ titan.’' The scar or free end of 
the breakwater is more easily protected from 
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an abundant and easily accessible supply of durable 
stone is available. A mound of ruoDlc deposited 
in the sea will, by the action of the waves, assume 
a profile which will bo subject to variation for 
possibly many years without any superstructure 
built upon them. Plymouth, Kingstown, and 
Portland are examples of this tyw of breakwater. 
In some cases the slopes are faced with heavy 
stone x>itching down to low water ; but while it 
obviates the disturbance of rubble, it increases 
the scour at the toe of the pitc;hing. Placing 
a vertical structure upon a rubble mound alters the 
pre-existing conditions, and an excavating action 
comes into play owing to the action of the waves 
against the face of the wall. 

The surface of the rubble mound should be 
carried up well above high water, as at Holy- 
head ; or it should be kept at a sufficient depth 
at low water so as not seriously to affect the 
character of the waves, or be exposed to their 
disturbing action. In the construction of such 
breakwaters the material is generally conveyed 
and discharged by men ns of barges, cranes, etc. The 
circumstances must admit of an ample width of 
base. This type of break- 
Lsl-A ■ water is sometimes con- 

'[] I structed of concrete blocks 

J,| J throrni together upon a 

' nibble bed or base. The 

1 voids in mound breakwaters 

materially assist in breaking 
Ml T waves and checking their 

I ^ ]>rogress. Where a reliable 

reached at a 

I I T c- workable depth the pier can 
- - • «« ■ - - “ lx* 1 , 1 , j]t up in regular hori- 

!■ ! zontal courses, and a side 

I { batter provided suitable for 

1. I the requirements of the 

A i section. In laying blocks 

— I ^ built-up pier as headers, 

ij , making alternate face 

' \ • blocks shorter than the 

) ' others, the benefit of a 

- Y transverse bond must be 

--Mr- - — ■ considered. If face blocks 

in a pier ex}x)scd to the 
ALTY PIER, DOVER action of rougli seas are 
not joggled as soon as the 
joints become displaced air settles in the apertures. 


heavy seas during construction. The inclination of 
the blocks is generally about 70° to 76°, and the 
blocks, besides breaking joint with each other, are 
bound together by joggles, formed of grooves filled 
with concrete in bags. Sometimes the blocks have 
grooves to receive the tongues or projections of 
the other blocks. In any tendency of the toe of 
the work to get out of alignment with the angle or 
slope, compensating oourses are introduced. 

Rubble Stone BreaKwaters. Mound 
breakwaters of rubble stone are suitable only when 


joints become displaced air settles in the apertures, 
lost and the effect of rising water is to compress the 

b to air, causing the compressed air to force out the 

and block. Dowelling or joggling is adopted in order 

\ny to prevent the withdrawal of individual blocks, 

3ing usually made of rich, line Portland cement Con- 
or Crete, and well grouted into the blocks. Iron 

,ade cramps and bolts are frequently used, 
rete Timber Pile BreaKwaters. Breakwaters 
vith are also constructed of timber framing filled with 

f is stones. Where suitable materials can be obtained 
of close at hand and cheaply, this type of breakwater 
rom can lie constructed quickly, and at a much lower 
n of cost than if built ot solid masonry or concrete, 
the When the ground ixjrmits, the timber piles can 
are be driven from a travelling stage, and the ties 

lied and braces fixed as soon as passible after they 

lave are driven. The largest stones being selected 

\ of for the faces of the breakwater being in their 

3 of rough state, and no dressing being necessary, they 

c or need to be packed together so as to form as close a 

work as possible. Smaller stones are then used for the 
und interior filling. The filling in with stone should 
hen closely follow the completion of the timlKJi- work. 

Coniimted 
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“INESSA di voce” has been defined as “the 
swelling and diminishing of the sound of the 
voice upon a holding note.” To obtain this a note 
must be attacked cjuictly, gradually increasing 
in force until the lou 'cst tone is obtained, then 
must be diminished carefully and gradually until 
the original power of tone is rcache<l. 

These swelled sounds are shown thus -d 
and this sign usually applies to one note only, 
although it may happen that a whole phrase is to be 
included. But in either case it must be executed in 
one breath. At first the student must practise half 
the exercise — that is, begin very softly, making a 
gradual crescendo from the softest to the loudest 
tone. This should be iirnctised twenty times, then 
the process should be reversed, iK'gun very loudly, 
gradually diminished to a pp. This, too, should be 
])ractise(r many times. Finally’ the w’hole exercise 
should lx? practised. 

Rules for Singing **Me8sa di Voce.'* 

The following rules must Ik* observed : 

(1) Breath must Ik* iiilialed slowlj-, calmly, (juictly, 
and deeply Ix^fore each exercise. 

(2) The vowel sound must not alter as the note 
becomes louder or softw. 

(3) Once the note is attacked the mouth must 
remain unaltered. 

(4) The quality of the note must l)e unchange<l 
throughout. 

(5) The note must not be held until the last 
particle of breath ha.s been exhaled: a little must 
remain in the lungs after the completion of the note 
or phrase. 

The “ niessa di voce " may be practised on all the 
notes suitable for the rcsjwctive voices, given in 
Ex. 1 [pages G183-4J, the vowels A (ah) and E (ee) 
being used. 

The object of ** messa di voce ” is to give colour to 
the singing. It must not be attempted until the 
student has acquired a correct management of the 
breath. 

The principal ornaments used in singing are the 
ap|X)ggiatura, aeciaccatura, mordente, grupetto 
or turn, shake or trillo, portamento, legato, staccato. 
and__picchettato. 

grUflCttO OT 


wr\r^r%/9rrf 


When used with discretion it is very effective, but a 
common mistake made by many singers is that they 
use it continually without discretion. As to how it 
must be .sung — slowly, or quickly, loudly or softly — 
the student must be miided entirely by the context. 
^Ilie following sign ^ or is used. 

A note must never be “ slurred ” to and then 
from consecutively. 

The si gn ca lled a slur, used for the legato, is 
written ^ ~ The note.s over which the slur is 
placed must be sung very smoothly, but there must 
be no “ sliding ’’ of the voice from one note to the 
next, and the notes intervening between the written 
note.s must not l)e heard as in portamento. 

(Jreat care and perseverance must be exercised 
before the legato can l)e acquired ; but once the 
student has mastered its difficulties, he is ami)ly 
re]>aid, for. as Signor Randegger says, “ Efficiency 
in legato singing is the most prominent and valuable 
attribute of a good singer.’' 

Speaking generally, it may lx* said there are three 
kind.^ of staccato. 



No. 1 is usually called staccato, and No. 2 
picchettato. The notes marked ])icchettato are 
half n.s short again as those marked staccato. 

The strictest attention must bo given to the rests 
between the note.s ; neither the voice nor the breath 
must \)e heard. 

Breath must not be inhaled l>etween the notes, but 


e mordente consists of the written note, the 
note above — either tone or semitone — and the 
written note. 


W ritton 


Ihere is also the inverted mordente. This eonsistH 
of the written note, the note below and the written 
note. 




irL i.iinu iv jn nujuL'ti’iit lur inn w 

phrase. Each note must be firmly and sha: 
attacked. 

In singing No. 3 the notes should be firmly 
attacked, but not so marked or det^iched as in Nos. 
1 and 2. The student is advised to write exercises 
for himself on the different ornaments and embel- 
lishments, and then practise them care^lly and 
diligently in the ke 3 r 8 best suited to his voice. 

Word Picturing. Upon “ word picturing,” 
facial expression, tone colour, emphasis, expression, 
and phrasing, all to a large extent depend Each 
of the above will be treated separately ; but it is 
essential that the student should first really under- 
stand what is meant by “ word picturing.*^ 

Before a student can do justice to a song he 
wants to sing he must take the wor^ apart &om 
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the music, read them through carefully and thought- 
fully, then re-read them. They may be merely 
descriptive, or they may be of an emotional nature 
combined with description. No matter of what 
nature they may be, the student must draw upon 
his imagination and make mental pictures of the 
scenes and emotions to be portrayed, as an artist 
has to do before ho ean place on canvas illustrations 
of a poem. 

To a painter this word picturing is, perhaps, 
more natural than to a singer ; the former is trained 
from the first to make a mental picture of all ho 
reads. Here is this difference between the painter 
mid the singer : as the latter will probably have to 
describe the whole of the poem, he must, perforce, 
mentally see the whole of it, whereas the painter is 
limited to a few lines, for he cannot paint a pictui-e 
illustrating the whole of the poem. 

The student will find it very helpful — until he is 
able to draw upon his imagination luore, and 
mentally make pictures for himself — to recall jiast 
experiences in his life, and work on them. For 
example, if he is singing of a lovely garden, or a 
quiet graveyard, he must think of some garden he 
knows that once appealed to him, or a quiet, ]ieaee* 
fuU graveyard he has seen and noticed ; if he is 
singing of a person, he may think of someone he 
knows who seems to fit the situation ; if his song 
refers to the pa.ssions or emotions, he must think 
of the time when he hated, was afraid of. loved, or 
was angry with some person, and he must try and 
recall some of the feelings he may then have experi- 
enced, and work them into the song. The whole of 
what is represented in the song must l)e mentally 
seen if he wishes to make the rendering of it clear to 
his audience. 

Facial Fxpreasion. For exam})les of real 
facial expression one should look at the face of a 
child. How quickly its little face brightens, and 
with what smiling eyes it looks nt one when anything 
pleases it ! On the other hand, how suddenly its 
wee face clouds if it is disappointed, and how it 
pouts when it is cross ! 

As the child grows up it gradually loses this natural 
uncoiLsciousness of self, and |)erha|>8 unconsciously 
strives to hide these varying expressions which are 
the outcome of the thoughts and emotions. English 
people are much too reserved ; they will not s])eak 
with their eyes and the expression of their faces — 
they rely ent > .ly upon the mere words. 

For those wliose calling docs not bring them before 
the public, this may be passable ; but to anyone who 
wishes to bo a singer, reciter, or public sjmaker, 
facial expression is as essential as a pro|)erly 
produced voice. 1'he expression of the face must 
change with the mood. 

No hard and fast rule can Ik? laid down for facial 
expression, as all the expressions natural to one’s 
face are the outcome of one’s inmost thoughts. 

The student must make a list of the different 
emotions — love, hatred, rage, and so on, and, stand- 
ing before a mirror, practice the different facial 
expressions which represent each. He will see for 
himself how necessary it is to get a thorough reeling 
of his song, and practice his “ word picturing.*’ 
When these have been mastered, facial expression 
will come quite naturally to him. 

Tone Colour. When the student has 
thoroughly grasped the meaning of the words of his 
song, and made himself quite familiar with all the 
moods contained therein, he will unconsciouly have 
acquired the correct “ tone colour ” for each 
musical sentence. He would not use the same 

tone colour ” for “ 0 rest in the Lord ; wait 
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atiently for Him,” that he would for “ Awake, 
atumia, from thy lethargy ! ” For the former he 
would use a warm, comforting, persuasive tone, 
whilst for the latter he would use a sharp, com- 
manding, peremiJtory one. Ere the student can 
hope to attain proper tone colour, he must thoroughly 
understand the words ho is about to sing. 

Fmphasia. Some singers may argue that 
“emphasis” does not apply to singing; that it 
chiefly concerns readers, reciters, and speakers. 
This is not so ; it is as necessary to the singer as 
to the speaker. Every word in a phrase must be 
given its due importance, but one of them must 
be more strongly emphasised than the others, to 
point to the real meaning of the sentence. 

The whole sense of a passage may be altered if 
enq^hasis is not put on the right word. The follow- 
ing examples show the correct and incorrect 
emphasis: “ Greater love hath no man than this, 
that a man lay dowm his life for his friends.” 
Properly emphasised, the word “ this ” tnkes the 
es|iecial prominence, whilst the words “no” and 
“ life ” are the next in mi|X)rtance. 

Wrongly emj)hnsised, it W'ould read ns follow s : 
“ Greater love hath no man [as ojiposed to 
“woman”] than this, that a man lay down {not 
“ take up ”] his life for his friends.” 

The student w'ill see for himself how'this sentence 
can be turned about, and wrongly emphasised and 
made absolute nonsense of : further, he will see 
how essential it is that singers, as well ns speakers, 
should emphasise correctly. 

Expression. Rosseau says : “ Expression 

is the power w'hereby the musician convej's to his 
audience all the ideas and sentiments of the music 
which he inter])rets, at the same time making it 
evident that he feels them himself.” 

Some natures are less resi>onsive than others, but 
with patience, j)erseverance, and a tactful handling, 
feeling can be brought out of the coldt'st natures. 
The terms expression and feeling, as applied to 
singing, are synonymous, therefore every person is 
capable of singing w ith “ expression.” 

Expression cannot actually be taught, but it can 
be cultivated, and to such an extent that the 
performer really feels what he is singing : and, what 
is still more imjmrtant, makes his audience feel it, 
too. There are, of (*ourse, some people w^hoso singing 
is natiurally sympathetic and full of feeling, but this 
need not di.seourage the less fortunate ones, for 
everybody who wishes can sing with expression. 
The easiest and quickest way to cultivate this great 
gift is to read good literature, es|)eciall3'^ poetry, 
thoughtfully, and with understanding. 

Phrasing* Phrasing ma^' mean merely a 
correct punctuation of a musical phrase, ae ; 
“ Woe ! Woe imto them w ho forsake Him ! *’ 
(Elijivh) ; but when one speaks of a song and piece 
being correctly “ })hras€*a ” one generally under- 
stands that the l)eat ]iossiblc effect has been given 
to each of the musical sentences contained thenin. 
This can only be accomplished after the jwrformer 
has thoroughl}' grasped the meaning intended by 
the conqwser, and fully’ realised his ideas ; he will 
then portray them in such a w ay that the audience 
cannot fail to grasp them too. 

Besides this, he must have mastered the art of 
breathing, have had liis voice properly produced, 
have studied articulation and pronunciation. Ik^ 
able to keep time and sing “ in tune,” know' where 
to take breath, be able to use the correct “ tone 
colour,” be able to sing legato and staccato, and 
be thoroughlj^ proficient in the singing of all 
the different ornaments aud emlxdlishments. 
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Lam)xn*ti, in his famous “Art of Sinking/’ says 
tliat “ the whole beauty of the art f)f singing 
lies in jihrasing.” 

Wo give on the next page “ 0 rest in the l^nr’ 
fully marked, and the student is advised to study it 
uell. For his guidanee we also give a list of the 
signs used : 

sf Where breath is to be inhaled. 

I Voice to cease, but no re-inhalation. 

y Tnflection of the voice to rise. 

S Inflection of the voice to fall. 

A Strong accent. 

— Medium accent. 

Articulation. The great mistake so many 
singers make is that they give their undivided atten- 
tion to the fulness aiid beauty of their voices, 
l)aying no heed to the diction ; the words count for 
nothing, and are never thought of at all. It is as 
er^sential in singing ns it is in sjieaking that the 
words should In? clearly heard and the correct accent 
used — in other words, that the articulation ami 
la’onunciation should be irreproachable. 

Articulation must not be confused with pronimcia- 
tion, for there is a great difference l»etween them. 
Words are made up of syllables. Each syllable 
contains one vow'cl and one or more consonants. 
When each vowel and consonant is clearly and 
correctly uttered, the articulation is ]>erfect. The 
leason why English j>eople articulate so indistinctly 
is that they hurry over their words. ;Mt»i e ddibi rate 
articulation is needed. The famous Mrs. Siddons 
\ised to s ty to her pupils, “ Take time ! ” 

It will be found that the consonants offer greater 
difficulties than the vowels, so the flrst exercises will 
Ik* on the consonantal itowors. 

It must be borne in mind that the consonants 
are not all formed alike. Roughly s]>caking, they 
are divisible into five groutis : 

1. Lahial, formed by the approximation, or the 
<’omp!ete contact, of the lower and up])cr lips — pen, 
bat, man, wench. 

2. Labio-dkntal, formed by the contact of the 
Idwer lip with the iip|)er teeth — fine, verse. 

‘I. Lin’GU A -PALATAL, fomicd by the tip of the 
tongue coming into contact with the liard ]»alate 
immediately behind the two ii})|K?r front teeth — ten, 
difi, line, night, sell. 

4. Linc;i:a-oi:ttural, formed by the hack of the 
tongue coming in contact with the hard ])alate — 
kind, gag. 

.■». OuAL, formed by a full flow' of breath through 
the mouth — hall, yolk. 

The student must first }iersevere with the actual 
pow'ors thcMnselves, and not add the vowels until 
the consonants have been //ioroagr/t/y mastered, thus: 

B as in bad X as in name 


, 

cakes 

P 

„ pill 

1) , 

(lane 

0 

,, #|uilt 

F . 

fJght 

11 

(trilled) as in rat 

t; . 

gauge 

R 

(smooth) as in war 

11 . 

hat 

S 

as in sill 

•1 , 

Pd 

r 

„ tone 

K , 

kick 


,, vain 

1- . 

lark 

w 

well 

M , 

mart 

X 

KS as in mix 


Wh as in white 

ICardi of the ]K>wcrs given in the alcove list, 
lH*ginning with H. must Ik* ))ractised at first very 
sfotvly, thus ; rVB'B'B, breathing after each B. 
riien in four groups of two, breathing after each 
group; four groufis of four, breathing after each 
group: four groups of eight, breathing after each 
group ; then in groups of twelve, sixteen, twenty, 
and so on. The greater the s)K*fsI,tlie lighter and 


cris|x*r imist be the articulation. The sound 
actually uttered is not Bee, but B ns heard in 
(he word “ bad ’’ minus the “ ad ” sound. 

After having practised the above exercise the 
student should make out lists of words for each 
consonant, tims ; Ball, bat, boll, bed, bile, bid, 
boy, boil, book, booth, etc. Then sentences 
something like these ; “ Black Benny Bum}>kinH 
bought beautiful blackberries, but Bertha Brown 
bartered Benny's best lx»at for bananas.” 

Jliis must be practised carefully in two breaths — 
that is, breathing after blackberries ; then the 
whole exercise in one breath; afterwards tried 
twice, three times, and four times, if |K)ssihle. in 
one breath, throughout imying the greatest atten- 
tion to the “ B ” power. 

Having U*arnt something of the consonantal 
]>ow’crs. the .'<tudent must turn his attention to the 
vowel sounds. Whilst only five signs are ustnl — 
A, E. 1, O. — they rcjH'csent a gre.it many mote 
vtnvtd sounds. 

Five sounds for A, as in njw, ah, all, at, air. 

d'hree sounds for E eel, ell, earth. 

Twf» sounds for I ice, ill. 

'I'w’o sounds for 0 .. old, odd. 

Three sounds for U u]>. (n)ude, (f)ull. 

O also It* presen ted in the dijihthongs, as in hoy 

and ow'l. 

Although the vowel sound emanates from (he 
larynx, the real formation is decided by the different 
shapes assumed by the inside of the mouth tind 
the ]>harynx. 

The student must make for himself lists of words 
on each of the vowel sounds given above, thus : 
A as heard in ape, ale, fate, ])ate, grate, and practis<* 
them many times, listening carefully to each sound 
])rodiic(Hl. and continue until he has thoroughly 
masterwl them. 

When he has overcome the diflimilties in the 
])rc<Tding {'xcrciscs, he should take sentences 
Mich as tliis from Ruskin : 

’■ Blue, baseless and l>eautiful 
Dill the boundless mountains bear 
'riioir folded shadow's into the golden air.” 

Rc< ite them very slowly, and pronounce every 
vow'cI sound fully, correctly, and distinctly. 

Pronunciation. riood pronunciation i< 
really ” proprictry of ilclivery.” It is not so 
ea.^ily taught as artiiMilation ; so miicli dc]M*nd> 
upon the student's own intelligence and his capa- 
bilities for hearing and dis(‘riminating lieiween 
words correctly and incorrectly ])roiiounc(*<l. 

To a very large extent, correct jironuncintion 
dejicnds upon their pro]»er use; hut Wsidesjiractising 
the vowel sounds, it is necessary to hear, listen to. 
jiiul co))y the best oratoi's and actors of the day if 
good pronunc‘iation is to he ohtainetl. 

.Xjiart from the different brogues of Scotland, 
Ireland, and Wales, the English counties have 
]ie< uliaritie8 of ]>ronuneiHtion that ought to l»c 
crailieatefl. such as: “ t’ cat” for the cat” 
^Xorth I..anca8hirc) ; “ tli’ (!at ” for “the cat” 
(South I^ancashire) ; “ ('haring-Crawss ” for ” ( har- 
ing Cross ” (Cockney) ; “ Kow ” for “ Oh ” (Cock- 
ney) ; and many more that can only be correcteil 
by listening to a cnltnrcxl s)>eaker. It is not inteiKh‘il 
that the student should regard }>ure dialects as 
vulgarisms ; it is the mixture of “ polite K]>eech ” and 
dialect that is so ugly. In a iiunibor of real dialect 
words many of the roots of the English language arc 
traceable, for they are chiefly of Celtic, Teutonic, 
Scandinavian, and .Anglo-Saxon origin. 

It is generally imagined that the English language 
is bad for singing. The sooner this absurd idea 



Aria-“0 REST IN THE LORD/ 


Andantino, 


(Advisingly) 


{Promisingly) 

V A 


Voice BS:Ezd5i 



() rest in the Lord, wiiit pn-tient-ly for Him, and He shall 



— v' {Coaxingly) 


^ (Lovingly) 


*" give thee tbyheart'e de - sires; O rest in the Lord, wait pa- tient-ly for 
{ConfidetUly) 

Him, and He shall give thee thy heart’s de - sires — He shall 


yj (Advisingly) 


yj (Solemnly) 
h-A-fcr^ 


give thee thy heart’s de - sires. Com-mit thy way un - to Him, and trust in 


^ yj ( With force) 


yj (Solemnly) ^ 


Him; coin-mit thy way un - to Him, and trust in Him, and fret not thy 


1 u >/ 


,, (Reassuringly) 


V (Lovinyhj) 




self. . he-eaiiseof ev - il do - ers. (> rest in tlie Lord, wait pa-tiont-ly for 


(Slowly) 


^ (Advisingly) 




{Peacefully) 

— — - ! 


Him, wait pa dient-ly for Him, <> rest in the Lord, wait jm-tienb-ly for 




^ (Promisingly) — 


— IJ . V.A 

iEB:EE^MEE'f 


Him, and He shall give thee thy heart’s de - sires, — and He shall 




-v'#A _ _ — flower 

\ T 


give thee thy heart’s de - sires, and He shall give thee thy heart’s de 


mf (Coaxingly) 


yj ,1 . (More persuasively) yj 

pi P , — 


sires. () rest in the Lord, O rest in the Lord, and wait, . . . 

v' (Slowly) _ pp 


wait . . pa - tient - ly foi^ Him. . , , 
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is abolished the better. The real reason why a 
voice does not sound so full and resonant when 
singing English words as it does when singing 
Italian is that the singer neglects to give the full 
value to the vowel sounds, and does not articulate 
his consonants sufficiently, besides invariably 
“ clipping them. Another common mistake 
made by singei-s is that they arc not careful to give 
each syllable its proi>er accent, for example : 


As first marked, the words would read as follows, 
and make no sense ; 

*■ A ])oar ftoul sat aighing by a sgc-a-niore tree." 
We do not pronounce the letters s y c a m ore 
as ftyc-a-more, but syc-amore, so wliy sing the word 
with three accents ? 

'Phe consonants must l»e more marked in singing 
than in sjx'aking. l)et^ause the vowels are more 
])rolonged and have often to be made broader. 

Great care must be taken that the end of a word 
is not carried on to the beginning of the next —that 
is to say, it must l>e finished on the note intend(*d 
by the coni])oser ; the consonants must be articu- 
lated distinctly, esjiecially the d’s and t's ; and the 
r*s trilled where necessary, but under no considera- 
tion must false accents be introdiicetl in the 
endeavour to begin or finish the words. 

Elocution and Declamation. It is 
issential that the student of singing should study 
elocution and declamation. Unless he does so he 
will find it almost imjK)ssible to deliver his song to 
its greatest advantage — to give it the ]M>etieal 
sense and the true expression intended by the 
composer. Many teachers of singing arc quite 
opjiosed to their ])upils' studying elocaition and 
declamation. They imagine it injures tlie singing 
voice: but this is an al>surd idea. Tf the student 
uses his speaking voice ]iroj»erly and in moderation, 
no jK)s.sible harm will result. Cavabere AllM*rto Ran- 
degger, one of the most famous professors of singing, 
writes : “ Elocution and declamation should form 
an integrant part of the singer's (xlucation.” (See 
Ui.orrTiON.j 

A dictionar 3 ’^ would ])robably descril>e a song as a 
short poem, a ballad, a lay or a strain, but none 
of thes(^ synonyms fully define the word. A song 
is the combination of words with the singing voice. 
One is indispensable to the other, and they are 
e(|ually important. When it is remembered that 
words set to music make the conception absolute, 
jt will be seen how im{X>rtant a jwirt they play. 

The First Soni;. The first song chosen 
should be very simple, slow, sustained, well within 
the compass of the voice, the intervals not too 
difficult, and the accompaniment quite cas 3 % so 
that if the student is obliged to ]>lay his own accom- 
paniment he can do so without paying much 
attention to it, and so give all his thoughts to his 
voice and the words. A short song such as “ The 
Sweetest Flower that blows,” by Hawley, or “The 
Night hfis a Thousand Kyes,” by Frank Lamliert, is 
recommended. 


The student must read tlirough the w ords care- 
fully, and when ho has grasped their meaning read 
them aloud as though they were the outcome of his 
tiw'n thoughts, breathing wTiere the sense dictates. 

Before Ti>eginnmg to sing them he is advised to 
learn them by heart. He should then give his atten- 
tion to the song, first noticing the key, time, and 
murks of ex])reHsion before uttering a sound. Next 
lie should slow'ly sing through the melody to 
“tja,” keeping ]>erfect time; and 
finallj^ he should take the w'ords 
and music together. 

Recitative may be defined ns a 
musical declamation or a sfieaking 
in music. There are tw'o kinds — 
accompanied and unaccompanied. 
In singing the former the student 
must keep strict time. Example: 
“ Awake, Saturnia ” (No. 28, 
Handers “Seinele”). 

When a recitative is unaccoiiqianied the singer 
m.ikes the time according to the words of the story 
and his own reading of the ])iere. Exam])le: “ O, 
worse than death” (No. 17. Handel's “Theodora”). 

For both accompanied and unaccompanied 
recitative singing the meaning of the words must 
be verj' carefully studied, so that the sentences may 
be correctly ulirased and the jnojier cm])haHis 
given. At all times must the words be clearly 
pronounced. 

When studying the unaccompanied style, the 
student is advised to select several recitatives, and 
take the words quite apart from the music and read 
them aloud as he would a verse of ^loetr}' or a jiiece 
<»f prose. Having satisfiwl himself that he has 
obtained the correct meaning and effect, he may 
then sing them, but the ])hrases must In? the same 
as wdien declaimed. 

Three Styles of Singing. (Generally speak 
ing, there are three styles of singing — plain, florid, 
and declamatoiy. For the first the essential and 
distinct attributes are |K‘rfect intonation, correct 
breath management, and faultless diction. This is 
the noblest of all st^des.and to it belong chun-h iiuisic 
and oratorios. Kxam])le: “ If with all your hearts ” 
(Mendelssohn's “ Elijah”). 

The florid st^dc is not so fretpieiitly heard nowji 
days as it was some years ago. It is fidl of jjriia- 
ments — grace-notes, shake's, turns —ur|)eggios, scale 
passages, etc., and the “tempo” is usually quick. 
For the singing of this the voice must be light and 
full, and the breath well under control. Example : 
Bisho])'s “ Ix) ! here the (ientle Lark.” 

It is to the deliveiy of the words that the attention 
is chiefly given in the singing of the declamatory 
style : vocalisation is practically unnecessary. 
Example : Schubert’s “ Aufenthalt.” 

The Young Singer’s Debut. It is quite 
possible that the av'crage student will feel very 
nervous and awkward when be makes his debut 
as either a ]irofcsHiona1 or amateur singer. This is 
natural enough, and only time and ex|HTicnec w'ill 
enable him to obtain iierfcxd sclf-]X)sscHHion ; but 
he should Ijcar in mind that how'ever nervous or 
anxious he may feel he must do his utmost to hide 
it, for nothing is more trying to an audience than 
a nervous fierforiner. He should come well forward 
on to the stage, and his face should assume a plea- 
sing expression. The student may at all limes 
ftnxknia when lie sings ]iublicly, but it is <-oriain 
he will not be nervous if he understands and hai 
thoroughly mastered the ])iece he is about to sing. 
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A iuM»r soul .sat • iii^r *>.v a nyc • a -more tree. 


ins lead of 




A ixK»r soul sat sigh • iiijj hy u s\c • a-iiMue tree. 


SiN(iiN(i concluded ; followed by Piano Tuning 
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By Professor R. ELSEY SMITH and R. L. ROBERTS, M.A. 


at the time of writing the building trade through- the subordinates of great hnaneial houses, as they 

out the coimtry is passing through a perioa of would have to do if the “ trust” methods of business 

almost unexampled depression, and cannot be said to were to prevail in the building trade. 

Ijc a very attractive or lucrative business for a young Technical Training. Technical training 
man to enter. This is not the place to discuss the may be said to be the foundation stone of success 

more immediate causes of this depression, but it will for the builder and of moat vital importance if ho 

be as well before the subject proper is dedt with to wishes to have a real knowledge of nis trade and 

call the reader’s attention to the great changes which a living interest in his business, and in these days, 

have taken place within the last twenty years such training i.s open to all. The old order, it is 

in the trade, and have most vitally affects it. true, has changed. The days of apprenticeship. 

Changes in the Building Trade. There whether for .gc.od or ill, are gone for ever, but the 

is no doubt that for the moment, though it is to be intending buildc; has no lack of efficient substitutes, 

hoped not permanently, the old-fashioned t3rpe of Thanks to the various technical institutes in London 

builder is on the decrease ; the builder who had first* and throughout the country, practical training in 

hand practical knowledge of some or all of the trades all the various building trades lies within his reach 

cm]doyed in the erection of buildings, who had gone at a very slight cost. Romo of these polytechnics 

through a most practical training in the work8ho|>s, have a course of day classes for intending architects 

and who, in nro]X)rtion to the thoroughness of his and builders, where they can learn both the theory 

training, took pride and interest in his business — and the practice of their business ; and after having 

this type of builder is being pushed to the wall in the been through such a course, the student, though not 

stress of modem competition. His success depended master of every trade, should be sufficiently 

not merely on his ability to undercut his competitors acquainted with them to know good construction 

in a tender list of twenty but on a reputation gained from bad, and to reali.se whether the workman in his 

for sound, though not always, it must be confessed, employ are efficient or the reverse. Perhaps the 

cheap building ; and it is o]>en to grave doubt ideal training for a builder is a course of th*»st‘ 

whether the building public in the end stands to technical classes, and at the same time attendance 

gain by the gradual disappearance of this fype. on a building in the course of erection. From the 

Into his place is stepfiing the mere financier, who latter he would be able to learn not only how’ a 

chooses the building trade as the field of his opera- building is juit up from the foimdation to the 

tions, and whoso training has made him a master finish, but also to gain some knowledge of the 

of office detail, but has left him without any handling of workmen and the general manage- 

practical knowledge of the various trades connected ment of a job. 

with his business. Besides the change in the type Office Work. With these rtuuarks as to the 
of builder, there is another tendency to be noted, ]»reliminary training advisable for a builder, our 

which is, perhaps, its necessary concomitant — that .subject naturally falls under two heads— the 

is, the tendency on the ])art of large furnishing and builder's work in the office and his work outside in 

drajiery firms to establish an architectural and supervising and managing his jobs. It is not at all 

building branch of their business, and with the help uncommon in building fiirms where there are two 

of the largo capital they have at their command, partners for them to divide the duties, one taking 

to enter into competition with the genuine con- entire charge of the estimating work in the office, 

tractor ; for in these days of rush and hurry it is and the other visiting the contracts in hand, seeing 

apparently a tempting consideration to Ih) able to to the ordering of materials as they may he required 

choose your house at the same place ns you buy your from day to day, and settling any question that may 

furniture. It should be noted, however, that the arise on the work itself. The convenience of this 

competition of these firms has at present more division of labour is quite obvious, but it is not a 

etiect on the decorative side of a builder s business desirable method to employ. A builder should 

than on the actual contracting, though not without know all sides of his business, that if need arises — 
its influence here, too. do — he may be capable of dealing 

Signs of the Times. These changes are un- with »iny branch of it. The office work is by far 

doubtedly signs of the times, and must be Liken into the more imiwrtant of these two, though the term 

consideration by any one proposing to enter business may be slightly misleading. By it is meant not 

as a builder ; but, signifleant as they are, there are the' mere daily routine of the office, which, with 
reasons for hoping that they indicate a mere little variation, would be the same in a builder’s os 

temporary phase, and not a permanent alteration in any other, but more speoiflcally preparing esti- 

of the conditions under which the building trade has mates and all that has to be done in the attempts 

been carried on in this country. Architects, too, it is to secure contracts. This side of the business 

to be hoped, will be found on the builders’ side in this presents far greater difficulties to-day than it did 

struggle; their work is far more likely to bo in telli- twenty years ago. The fight for work and the 

genHy and efficiently carried out bv firms whose competition in the building trade becomes fiercer 

interests lie only in the building tracie, and whose every year; prices are cut to their lowest point, 

principals have practical knovdedge of buihling not only by those 'who may be called the 

detail, for they will thus secure the great ndvantagt' “plungers” of the building trade, and in this severe 

of dealing direct with such builders instead of with struggle for work, scientific pricing of estimates is 
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sometimes thrown to tlu* winds, the writer knowing 
of more than one case where a hnilder, after making 
up his estimate, lias taken off a good round sum 
“ for luck,” as he savs. With this increase of com- 
petition there must l)e a corresponding increase in 
intelligence on the part of the builder if he is to keep 
his place in the ranks of the successful. 

1'he modern builder must Ix' ]>repared to face the 
new conditions, for though sonic of the severe 
competition is due to temporary depression, it is 
in the main due to causes that M ill ]>robably prove 
permanent. The ]mblic have demanded the 
cheapness that unlimited eom|>etition gives, and 
architects have l>een compcll«'<l to lx)w to the 
popular demand. The builders, too, have them- 
selves to blame in ]mrt for this state of things: 
when tender lists were more select, tlie work w'as 
often too costly, and the inevitable reaction on the 
part of the building ]niblic Mas bound to come. 
Under these conditions, the estimating side of a 
builder’s work has Ix^come more than ever imjiortant 
and increasingly difficult, and it is no exaggeration 
to say that it is only after the most assiduous 
application that skill and certainty in estimating 
can be obtained. 

Invitations to Tender. There are cer- 
tain kinds of public Mork that are advertised, and are 
open to public tender, and there are some builders 
that almost confine themselves to this kind of work. 
Speculative Mork, also, is. of coiii-se, ojien to all 
builders with ca]>ital, or Mith the ability to borrow 
capital. But apart from these tM*o classes of con- 
tracts, it is difficult, even in these days of competi- 
tion, for a builder to obtain tlie opiKirtunity of 
submitting a tender. Architects, quite naturally, send 
their Mork to the men they knoM% and of whose skill 
and trustworthiness they have had experience, and 
unless sjx?oially advised, would not include in their 
lists of ‘‘invited to tender” a builder unknown to 
them; but if recommended to them, architects are 
not hostile to the young and untried man, and are 
quite willing to give him the neces.sary op] )ort unity. 
For instance, u Jxindon architect, m ith a job outside 
the J»ndon area, would always a.sk, in addition to his 
usual Ii.st of builders, the local builder to tender, 
if satisiiixl of his capacity, because, if for no other 
reason, he should lx* able to carry out the work at 
less cost than liis I^mdon competitors. The diffi- 
culties of obtaining the entire into the “ invited to 
tender ” lists arc great, but not impassable, and 
should not debar any man of capacity from entering 
business as a builder. 

£stiinating. A builder may have to estimate 
for contracts in one of two ways — either from 
quantities or from draw in its, and in the latter case, 
he will have to take off his own (liiiiensions. In 
modern days quantities are almost always sup)>li€‘d, 
and it is only in the ease of small alteration jol>s 
that a builder would have to take out his own — not 
many of the ])rincipal builders would take out their 
own in comjxrtition for a large contract. It is far 
easier to estimate from quantities than otherwis*; 
but even then one of the most difficult tasks a 
builder has to do is to ]>re])are a correet and careful 
estimate. It is a com]»arative!y simple matter, by 
low ]»ricing, to secure a contract ; but it is much 
harder to prepare an estimate that will not only 
secure that, but also show' a profit at the end of the 
Job. To all who know anything of the building 
trade it is common knowledge that there is oftem 
a variation of from 20 ]K*r cent, ti) .*U) jier cent, in the 
prices of different builders tendering for the same 
job, and all (juaiitity surveyors can testify how 
greatly the different jirices of different builders vary 
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in detail — some pricing their biickwork low and 
their joinery high, or vic^e versa. This variation eon 
lx? easily understood if the detailed and many-sided 
knowledge that is required for accurate jwicing is 
taken into consideration. In the oixlinary building 
there are a dozen or so different trades employed, 
and the estimating Imilder must know* not only the 
prices of the various materials needed for these 
trades delivered to a certain site, but must also have 
some idea of what the lalwur on these materials W'ill 
cost; and it is iireeisely the latter, or the human 
element, of which it is so difficult to ascertain the 
cost. 

In pa.ssing, it may be remarked that the pricebook 
is not to Ix' relied on as a certain guide, althougli 
it is very useful for ot^easional reference. A builder 
should be able to juice the bills of quantities that 
come to his office from his own first-hand exj)erience ; 
this is not to say that he is never to emjiloy an 
estimating t lerk — most builders do — but it is unwise 
to de])ond on him entirely. 

Estimating from Quantities. Before 
br'ginning to jiriee his bill of quantities, the builder 
must sati.sfy himself as to one or two jioints which 
might seriously affect the estimate ho will lx* giving. 
Common-sense will, of course, tell him that building 
is more exjiensive in some jiarts than others — for 
instance, that in a hilly suburb of lx)ndon, like 
Hamjistead, it is more costly for him to do W'ork 
than in the centi'c of London ; all materials would 
c'ost inoie. owing to the heavy cartage, but such 
knowledge as this he will have from his own general 
exjierience. His first business should lx? to visit the 
site of the projiosed building ; he should discover 
what facilities there w'ill Ixj for the storing of 
mateiiais — limited sjiaee for this jmrjiose will mean 
inerea.sed cost — whether the site is easy of access 
for carts to draw* into, and whether there are any 
s])eeial difficulties connected w'ith it. He should 
satisfy himself ns to the nature of the soil — whether, 
for instance, it is easy to work or not, and whether 
sand or ballast can lx* had from it. Another 
important jxiint to see to is whether there is likely 
to be much water met with during the excavations. 
There is in most bills of quantities a danse to j>umj> 
or bale out all water met with in the course of the 
work, and this, in some cases, would amount to a 
serious item. The estimator having ascertained 
such j>oints as these on the hjh) 1, can return to his 
estimating with the knowie*dge that will materially 
affect him in his pricing, and Ix-fore settling down 
to his work he should call and ins|K*r*t the draw ings, 
that he may know’ whether the juojioscxl building 
is a simj>le one, or likely to be cxjK*nsive, because of 
minute and elaborate detail, the designs of different 
architects varying considerably in this resjx*ct, ami 
ajqireciably affecting the cost of their work. W’hen 
beginning the actual pricing of the bills, the 
builder should have lx*fore him the cost of various 
materials, such as bricks, cement, etc., deliverfxl to 
the site, and the cost of carting soil and njbbi>h 
from the works, this last item varying from 10 jK'r 
cent, to L’) ix*r cent, in different jmrts of London. 
He can sometimes deduct .something from the 
prices thus obtained before tendering, as the 
merchants are likely to quote him lower jirices if he 
succeeds in obtaining the work. 

Fluctuation in Prices. It is the more 
necessary to obtain sueh prices, lx»f aus.‘ the cost of 
some materials varies apjireciably — sometimes from 
month to month. Metals such as lead and iron are 
very liable to be affecbxl in this way, and if then? 
is a considerable amount of surh mutcTial in a 
bill of quantities it is advisable to obtain from the 



ttUILDINQ 


morchant a price that will be guaranteed for a 
lime sufficient to allow of ordering at that price 
if the tender should bo accepted ; otherwise the 
builder may find himself in serious difficulties. A 
concrete instance will at once illustrate this. A 
builder gives in an estimate for a contract in which 
there are many, hundredweights of lead ; he comes 
out lowest in the list of tenaers, is accepted for the 
work, and begins operations about a month 
after the sending in of his estimate : he will not 
require his load either for external or internal work 
for many months* He has priced this in his estimate 
at £16 per ton ; between the time of sending in his 
tender and his wanting the lead it has gone up 
£3 or £4 per ton, and if he has made no contract 
with his lead merchant at the time of starting his 
work for lead to be delivered to his works as and 
when required within twelve months, he stands to 
lose very heavily in this part of his work. The 
same would, of course, be true of any other materials, 
but metals are particularly liable to fluctuation, 
and the market in them should Ije very carefully 
w atched by the builder. It should not be forgotten, 
too, that in the case of lead, the merchants have 
formed a ring, and that there is not the free and 
open market in this material that there is, say, in 
bricks or cement. 

Preliminary and Other Items. The 

]ueliminary items should he given careful attention 
in pricing, especially the time given for completing 
the contract — almost always inserted by surveyors 
in the hill of quantities — and the time required for 
maintenance after the building is completed ; 
this varies from three months and upwards and is 
sometimes as long as twelve months, and can be 
a very serious item. A ciisc came within th ‘ 
writer’s owm knowledge where the time for main- 
tenance was eighteen montlis ; the contract was 
for i-odraining a large estate, the drains of which 
had settled owing to the shifting of the ground. 
The builder was made liable in the contract for 
damage to the houses on the estate during the tim*' 
his work w'as going on, and for eighteen montJi.i 
afterwards for any damage due to the work being 
carried out; it is obvious that with a treacherous 
soil this might bo a very stTious matter for thi* 
contractor. Two other items that should be 
carefully noted are the fees for the district surveyor 
and locid authorities, and for the water required 
for the works. In the case of alteration to largo 
buildings, should the quantity surveyor not have 
included a sum for the fees as a provisional amount, 
the builder would be w'ell advised to write to the 
district surveyor and ask him what his fees would 
be. As to the water, the charges of the different 
water companies vary, but their fees can be obtained 
from any textbook, such as Laxton’s. The 
weight of the pipe required by the companies for 
services is the same throughout the London area, 
but in some cases outside that area the service 
pipe is required to bo heavier even than the London 
board’s Regulations, and the unwary builder may 
get caught in this way. In such a case the builder 
should write for the water company’s rogulution-s 
and roquiremonts. 

Specialities and Provisional 
Amounts. Where bills of quantities contain 
sjKJcialities such as a largo amount of granite work 
or terra-cotta, the estimator should always obi^tin 
prices, however experienced he may be ; they arc 
quite outside the run of his ordinary knowledge, 
and it is imprudent to risk making any mistakes — 
mistakes in estimating are expensive luxuries. 
Provisional sums play a very large part in modern 


building contracts and sometimes form a consider- 
able portion of the whole, and such s]>ecialities as 
those mentioned above are very often included 
under the heading. The continued increase in 
such amounts has been brought about by the great 
changes in modern building construction and the 
consequent elaboration in such matters as steel 
construction, sanitation, and the heating of buildings. 
The gradual elimination of timber and the sub- 
stitution of fireproof construction in both floors and 
roofs has deprived the builder of much of his work, 
and in some cases reduced him merely to the 
position of general banker for the contract without 
any of the usual advantages of that position. For 
though in the bills of quantities the estimator is 
always instructed that he must add his profit to 
such provisional amounts, if he really wants the 
work he never puts anything on, and all he can be 
certain of getting out of them is a small cash dis- 
count such as per cent., and this even is not 
always allowed by the special firms employed on a 
builefing. 

Closing Remarks on Quantities. The 

estimator ^ould always carefully read through the 
headings that precede the bill of every trade ; 
they* usually consist of the description and quality 
of the materials to be used, but there are sometimes 
items that require pricing and others that call for 
s|iecial attention. There was a bill of quantities 
within the writer’s experience where, included in 
the headings of the joiner’s bill, was a clause that 
the first instalment on the contract would not bo 
paid until all the doors had been got out and 
framed together, an item that quite escaped the 
?stimator’a notice. If there is any pulling down 
or any other spot work to be priced this should bo 
done on the site itself ; it cannot be proywrly done 
in the office. If it is stated that the builder will lx* 
allowed to use such of the old materials as an.^ 
sound and suitable, only a visit to the site and 
inspection of the existing building and fittings will 
enable hioi to tell what credit he should allow under 
this head. Before finally making up his tender the 
builder should see the specification and contract. 
It is true that usually all the items that requirt* 
pricing are inserted by the surveyor in the bill of 
quantities, but it is best to make sure. Nowadays, 
in estimating it is usual to add the profit on each 
separate item. A better though little used method 
is to price each item at the prime cost and add a 
l>ercentago at the end for office ex}>enses, use of 
machinery, the general su])erintendence of the 
job, and for profit. This way is old-fashioned and 
the modem surveyor is not used to it, but it is to 
be preferred, for two reasoms — it makes pricing more 
scientific and accurate, and in the case of additions 
and alterations it certainly tells in the builder’s 
favour to have a definite percentage added on to 
the whole, especially where there are items for 
which there is no price in the schedule. 

Estimating from Drawings. If esti- 
mating where quantities are supplied is difficult, 
the task is doubly so where there are no quantities 
and the builder has merely the drawings and the 
specification to rely on, or in some cases where no 
drawings are needed, the specification only. Sucli 
cases are almost unknown with buildings of any 
size, and only in contracts not exceeding £1,500. 

There are two kinds of work for whicli it is very 
usual for a builder to have to estimate without 
quantities— small alterations and additions to 
existing buildings, and repairs and decorations. 
In the case of the first, drawings would be supplied, 
and from these* tlie builder can get a surveyor to 
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iflke off the qiiantitie#; for him if time should be 
allowed, though often he has the loan of the draw- 
ings only for a day or two ; but. in any ease, builders 
of ex}ierienee would pi*efer to take off their own 
(juan titles, and this is not a diffieiilt matter if the 
builder has an ordinary working knowledge of 
drawings and dimensions. He will not do it, of 
('ourse, with the accuraey and fulness of a surveyor, 
and his method will l)e rather rough, but, baeked by 
experienee, it wdll suffice. Without ex])eriencc, 
however, the builder had far better go to the small 
expense of employing a surveyor than blunder 
along as best he can. Or if this is not feasible, 
owing to want of time, he had better decline to 
tender. In the ease of re])nirs an<l decorations — 
much the most eolumon — the estimator must take 
the six‘cifioation with liim to the job in question, 
and do all pricing there, measuring the w'ork in the 
different rooms, starting af the top and working 
downwards. 

Measuring Up. If estimating jaeliminary to 
the obtaining of contracts is the most difficult Uisk 
a builder has before him, a scarcely less difficult one 
is the measuring ii{> the extras an(l omissions on the 
completion of a contract, and settling up the 
accounts. That no contract is ever com picked 
without extras and omissions is almost a truism. 
Building oi>erations do not lend themselves to 
terminological exactitude, and not the most skilful 
arcdiitect or surveyor can foresee all the contin- 
gencies that may arise during the course of the work, 
much less control the changes of mind to which 
building clients are so lialdc. The (juestions arising 
from these variations in a contract of necessity lead 
to much discussion betw^een builder and surveyor, 
and the builder needs tact, judgment, and good 
feinj>er if he is to deal successfully with them. In 
addition, there may be also matters arising out of the 
hills of quantities. The builder may find them defi- 
cient in certain particulars, or may think certain 
items insufficiently described, or the lalx)ur to an 
item not proi>erly taken. In all such matters ihei-e 
is plenty of room for difference of opinion. The 
builder is naturally anxious to get all that he con- 
siders himself legitimately entitled to, and the 
surveyor is equally coiu'eriiecl to see that the builder 
does not got more than his rights, thougli his position 
is notone of a partisan, but of an uiiipiiv — a position 
from which builders can rely on most quantity 
surveyors not deviating. Now, in measuring up a.s in 
estimating there are two courses o]ien to the builder. 
He can himself meet the surveyor and go into all 
the various questions with him, or Ik* can employ 
another surveyor to act on his Ix'lialf. In the case 
of large contracts there is mudi to lx* said for the 
latter course, or in cases where the builder foresees 
that acute disputes are inevitable, and that, in 
consequence, first-class exjx^rt advice will Ix' of the 
utmost help to him ; for it may well Ije that in such 
circumstances the builder will have neither the 
lime nor the ability adequately to j»reserit his own 
case, and the extra expense of emjiloying a surveyor 
w'ill be more than justified. 

Extras. There are two subjects which are very 
liable to cause controversy lx*tw’ecn builders and 
surveyors — extras, w hich there is no schedule price 
to govern, and day work. In the case of the former, 
when there is any considerable variation — such as, 
say, the substitution of wainscot for deal in n build- 
ing, or any large addition to the contraef — it is quite 
usual for the architect to get an estimate from the 
builder Ix^fore oi-dering the work, a preferable 
mellifxl to leaving it fo be settled at the end of the 
contract, and fairer both to the client and the 
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builder. Wheiv the variation is slight, and no esti- 
mate is given — and most contracts will show some 
few' items for which there is no schedule price — 
compromise as to price ought not to be difficult. The 
usual method is for the surveyor to price out the 
extra and omission bills, and forward them to the 
builder for his approval. He may put the jnicos too 
low, anticipating that the builder will ask loo much ; 
but in most cases the builder will find himself able 
to accept as fair the ]>rices offered, and will always 
find the surveyor ojien to conviction if he can prove 
that any ])articular item has been priced below its 
real valiie. For it is not the unfairness or partiality 
of a surveyor that the builder has to l>e on his guard 
against, but the ignorance that arises from know- 
ledge gained by theory instead of ]iraclice. The 
writer has in mind one ]>articular instance of this. 
The tixking down of a door, easing, adjusting, and 
rt‘hanging in the same position was i)ric.cd b}' a 
surveyor at Is. .‘kl. The builder would want ,3s. 
for it; the surveyor might say that, theoretically, 
a rar|x*nter should do the work at this price, but 
the builder would know’ from practice that not a 
carpenter could lx‘ found in London to do the 
W’ork for Is. 3d. 

Day WopK. But a more fertile cause of differ- 
ence of o])inion than extras outside the schedule 
price is the question of day work. There is not much 
difficulty about the actual 7>ri''cs — for, to most con- 
tracts there is a schedule for day work attached — 
hut as to what kind of w'ork a builder is entitled to 
charge under this head. Where the builder claims 
day work, the usual custom is for him to send into 
the arcdiitect w'eekly vouchers of the time and 
materials. Sometimes the architect will ncce]>t 
these outright, but more usually with the proviso 
that the surveyor must go into them at the con- 
clusion and decide whether the work in question ran 
lx* measured or not. Where there is a clerk of the* 
works, he has to sign thc^ wec'kly sheets ; and where 
this is done, and the architect has accepted them, 
the builder should not forgo his claim to have this 
treated as day work; the surveyor has then no right, 
to an opinion on the matter. But when, at the end 
of the contract, the day-sheets are handcxl over to 
the surveyor for adjudication, the builder must 
satisfy him as to the reasonableness of liis claims. 
Some surveyors, unwilling to admit any limitation 
in their own profession, are too a])t to think that any 
and every kind of work can be measurcHl. Should 
the builder have the misfortune to meet such an 
one, he must make up his mind as to wdiat he has a 
right to charge day work, and to insist on his rights. 
A builder’s claim to day work may l>e based either on 
the nature of the work itself or the conditions undcT 
which it is carried out. Under the first head would 
come such work as the cutting aw’ny for hot-w'ater 
fittings, unless the builder has to take the risk 
liimself. 

There is, for example, a ])roviKional amount 
inserted for hot-water work, and sometimes the 
general contractor has to do the necessary c utting 
away for the fitters and to j)rice the item as he 
thinks best : but more frequently there is a pro- 
visional amount also for the cutting away, and the 
builder returns what h'^docs under this ns daywork. 
It is obviously impossible to measure a hole cut in 
one place and a hole made good in another. Under 
this head, too, would come alteration to w'ork 
jdready done , such ns alteration to drainage 
already laid. W here th^^ day work claim is due to 
the c'onditions under w'hich the builder has to 
work, it is advisable for biiii. before doing the w’ork, 
fo point out to the architect that he cannot do it at 
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the ordinary contract rate, always, of course, pre- 
Hinning that tliere is no clause in the contract to 
cover work under such conditions. Wofii of this 
kind would be, fo • example, that done to the interior 
of a school while inoccupation of the cliildren, where 
the builder has to do the work as best he can, and 
to suit the convenience of the teachers ; and where 
the builder is not required by his contract to work 
under these conditions, he is quite entitled to charge 
it day work. 

Excess and Deficiency. Before leaving 
the question of settling accounts, one other niatt?r 
must be touched u}>on — the excess or deficiency 
of (quantities. Bills of quantities can either form 
])art of the contract or not. In the latter case 
the builder’s claim, if he thinks there is a 
deficiency in some particular, would lie acainst 
the surveyor who had taken out the bills. Where 
the quantities form part of the contract, whi(di 
s the usual course, the surveyor, when measuring 
ip, will not raise the (question of excess or 
leticieney, presuming that the (quantities are 
•oiTect, but will leave it to the contractor to make 
I claim if he wishes. But the builder will lie advised 
lic very careful before he makes such a claim. 
Nowadays, quantity surveyors are scientifically 
accurate, and the contractor, unless he should dis- 
cover any eonsiderahle omission, will not find if 
worth his while to raise questions on small points 
which, while involving much labour, w'ill bear little 
qjrae.tical fruit. In this matter the builder will do 
well to restrain the zeal of his foreman. ^Inny fore- 
men, w'hcn a job is lading lueasuri'd arc eager to 
])oiiit out that the quantities are short in this or that 
qairticular, without, of (!Ourse, having gone into the 
general question whether it is worth wdiile to raise 
the question of quantities, and a foreman should 
always be advised to refer such q)()ints for the con- 
tractor's consideration and decision. One other 
point the builder must bo qjrepared to meet — the 
accuracy of his own jirices in the bills. This w ill 
arise only in the ease of extras and omissions. For 
example, suq)pose there is an amount of galvanised 
iron tongue in the bills taken out per fool run, 
priced by the builder either in igiiijraiice or mistake 
at Is. (id. qicr foot instead of IJd. On the ('omqde- 
lion of the job there is found to be a large (quantity 
extra, and the surveyor will wish to ])rice this 
(quantity at the usual pri(’e. The builder must here 
stand linn — the bills of quantities form a scdiedule 
that must not be departed from, whether the error 
is in his favour or not. If it had been against him, 
tlie surveyor would have shown no mercy. Of course, 
in some coses, errors of this kind are detected, when 
flic builder deposits his qirieed-out copy of the bills 
with tlio surveyor, and in that case he is asked to 
correct the error without, of course, altering the 
total of the contract sum. 

Outside Work. It remains very brieHy to 
consider the w^ork that a builder has to do in super- 
vising and managing the contracts he has in hand. 
'I'his side of his work, though second in importance, 
can be by no means lightly regarded. The great 
(quality he will require, w^hether dealing with the 
client or the architect or his ow^n workmen, is the 
(quality of tact. Personality tells here more than on 
the other side of his business, and the qiosscssion of 
tact may make all the difference to the keeping or 
losing of a connection. The jobs on hand should 
be visited frequently, so that the builder may see 
for himself that satisfactory progress is lx»iiig made, 
and that if any difliculties arise he may have iuinu*- 
diate know1(xlge of them. One of his most necessary 
eqiiiqnnents will be a thorough practical knowledge. 


Questions may arise any day as to the host and 
safest way of carrying out his work w hen the know- 
ledge of his foreman will need to be supplemented or . 
corrected by his own. The foreman may lie inclinetl 
to sacrifice safety to speed, and needs at times a 
restraining hand in this direction. The architect 
may require advice at times as to the best con- 
struction to lie used, and though, should anything 
happen to the buil(ling through faulty constnm- 
tion, the first resqxinsibility is the architect’s, the 
builder would not he guiltless of contributory negli- 
gence if through ignorance or carelessness he had 
failed to see what was amiss. Then the builder 
should have some acquaintance w-itli the Ihiilding 
Acts and the various bylaw's of the central and 
local HU tliorities. The re.sq)on8ibility of meeting their 
re(|uirement8 is alw'ays thrown upon his shoulders, 
and his task is not rendered any monj easy by the 
anomuii(‘s and inconsistencies of which they are full. 
His more immc‘diate duty on his visits w ill be to see 
that the jobs are l)eing kept well su])y)lied with 
materials. In this matter he should he very careful 
to look ahead. Foremen are too apt to imagine that 
if they give an order it can be executed the next 
day : but the builder W'ho waits for liis foreman to 
order the material W'ill find his jobs standing still 
for lack of them, and it often m(‘ans that, w^hile 
waiting, uum have to }ye taken off from one piece 
of work and put on to another — a very ready way 
of mounting uq^ the cost of a job. 

Defective Materials. Then he will be sure 
at times to have to deal W'ith the question of bad 
materia). He will come round to his job one day to 
learn tliat tlie clerk of the w'orks ha.s condemned the 
bricks or timlxT as not being u|) to s]>ecification, 
and he will have to determine promptly by personal 
iiiK]>ection wlicther the clerk of the w'orks is justified 
or w^hether he thinks the material good ('nough to 
defend. In the case of bricks it is usual to deposit 
with the architect at the l>eginning of a job a fair 
average sample of the bricks to be used, and by this 
samqde the builder should bind his brick merchant, 
ordering his bricks from it. Thi.s course allows a 
fairly wide latitude, for bricks must l)e judged in t})c 
bulk, and what the builder has to determine is 
w hether the bricks condemned have been so lx»eause 
of a few' bad ones among them, or l>ecause they are a 
thoroughly bad lot. In the latter case he is without 
defence, and he will be well advised if he has one 
loud of bricks condemned to warn his foreman not 
to take in any more of them on the job unless they 
are up to samqde. His position w'ith the brick mer- 
chant, if the bricks are really bad, will be much 
stronger if he refuses to have them unloaded. 

The question of timl)or will l>e a far more difficult 
one. It is usually s]>ecified to come from (‘crtain 
qiorts — in some eases, even, from })orts wlience 
timber has,eensed to l>e imported for several years. 
The builder’s l^est course is to insqicct the timber 
in the dock.s l)cfore he buys it, and satisfy himself 
that it is uj) to his requirements. But really good 
timber is getting scarcer and dearer every year, and 
lie will often have to be satisfied with the second 
l)e.sl. If his timber is condemned and he is con- 
vinced that ho cannot defend it, his best course is to 
take it off the job at once. That is not to say that 
he is always to give in. He may have the misfortune 
to meet with a clerk of the works w'ho has a qiassion 
for condemning everything both in material and 
workmanshiq), and who thinks that it is his function 
to hinder rather than to help a job. 

Speed of Work. But above all, the builder 
should carefully watch tli(* progress of his jobs, 
and see that he is not getting behind his contract 
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time. It is true that penalties for time are rarely 
enforced, because there are so many contributory 
causes of delay — besides, possibly, the builder's lack 
of energy — that enforcement is found impossible in 
practice ; but, in any case, slow work in these days 
is bad for the builder’s reputation, and his jx)ckct. 
It is a matter for discussion whether buildings 
were not better built when they were erected calmly 
and without hurry than they are in these days of 
rush. But the builder to-day has no time to stop 
and discuss this ; he must move with the times, 
or he will soon cAise to do building at all. But while 
taking care that his jobs are being pushed on as 
rapidly as possible, ho must see to it that they are 
not crowded with men, or his cost book will be any- 
thing but pleasant rt^ading. Besides his ordinary 
visits the builder should make a point of some- 
times visiting his jobs at the time of starting in 
the morning ; foremen want keeping up to the 
mark in the matter of time, and a late foreman 
means no work done before breakfast. 

Foremen. The choice of the right men to 
carry out his work is a matter of great importance 
to the builder, and very much depends on the 
foremen he employs. The chief requisite in a fore- 
man is the capable management of men : he must 
not only have a first-rate knowledge of the best means 
of carrying out work, but he must also be able to 
drive his workmen and get the most out of them he 
can, consistent with safe construction ; and for this 
reason a foreman should be allow'ed a free hand 
in the choice of his men, with a few obvious limita- 
tions. Should a man be taken on at a job whom the 
employer, from lire v ions experience, knows to be a 
bad workman, the builder must, of course, tell his 
foreman that he cannot have the man on his works ; 
but apart from such exceptions the builder shoidd 
not interfere with the men the foreman chooses, 
and if he has cause to feel dissatisfied with the men 
employed on the job, and should the results convert 
that feeling into conviction, the only way is to get rid 
of the foreman. It is almost unnecessary to say that 
a foreman must be sober and honest, straight not 
only to his employer, but to his employer’s clients. 
A man who is dishonest towards the clients will, 
in the end, be dishonest towards his own employer. 
A builder should sec that he makes his owti interests 
and the foreman’s identical ; this can lx? assured by 
giving the foreman continuous employment, .and 
keeping him on even if for the moment another job 
cannot be found for him. Another method by 
which a foreman can be induced to take a serious 
interest in his work is by offering him a bonus at 
the end of the job should it come out on the 
right side ; but this wants careful consideration, 
find special care should be given to the foreman’s 
character if this bonus is offered. In these days of 
cutting prices, where work is too often taken below’ 
cost price, it is a temptation to a foreman to make 
the job pay by scamping the work. How far should 
a foreman be trusted is a question that builders 
are alwa}^ having to put to themselves. Should 
a foreman be allowed to pay wages himself, or 
ought it to be the invariable rule that somebody 
from the office should pay ? In the case of 
small contracts, w^here the wages are not heavy, 
the foreman may be trusted to pay, but only, of 
coiu*8e, provided that the builder has had him in 
his employ for some time, and is convinced of his 
trustworthiness and honesty. But with contracts 
of any size, it is the nde for the builder himself 
or a clerk from his office to pay at the Job. 
One other piece of advice maybe useful— -don’t sack 
your foreman for trivial reasons. The old-fashioned 
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method was to*scnd a man away at once if you had 
the slightest disagreement with him ; that method 
is happily }>assiiig away, experience having proved 
that a man who is always in fear of dismissal does 
not make a good servant. 

Employer and Workmen. The decay of 
such methods of dealing with men, accompanied 
as it has long lieen by the growth of trades unionism 
and combination of both masters and men, has had 
as its result the development of better feeling be- 
tween employers and their workmen. The master has 
come to recognise that men arc entitled to a fair 
wage, and the men tliat the builder is entitled to a 
fair day’s w’ork in return. It is not too much to 
say — speaking for London — that the best builders 
are to be found in the membership of the Master 
Builder’s Association, and the lx?st workmen in the 
various trades unions. The strength of these two 
combinations has led to a mutual respect on both 
sides, and reduced almost to a minimum the danger 
of strikes. 

The Attractions of the Building 
Trade. It may, perhaps, be asked, can build- 
ing. under modern conditions and modem com- 
netition, be made to pay ? Reasons have already 
oeen given for thinking that the present depres- 
sion is but temporary, and in that belief the wise 
builder w’ill bide his time. It ought to ite an 
axiom, but is not, that no builder should take work 
Mow' cost price, and if for the time he fin(l.s it 
iin7X>ssible to compete with modern prices, he had 
better hold his hand. It is better to play in the 
streets than work at a loss, and continual lowering 
of prices will tell its own tale in the Bankruptcy 
Court. Let him keep his head, get what little w'ork 
he can at a fair profit, and not plunge by taking 
large contracts at imjMjssible prices. 

With all its drawbacks one charge cannot be 
brought against the building trade — lack of interest. . 
At the end of most careers a man can only f>oint to 
the amoimt of money he has made as evidence of 
his work : the builder leaves a far more enduring 
mark behind him. and though not. of course, sharing 
the artistic honours that fall to the architect, he 
is e.sseiitial to his work, for without him the archi- 
tect’s idea.s w’ould find no ijermanent or concrete 
expres.sion. For this reason, to say nothing of others, 
no builder who honours his bu8ineH.s should consent 
to have anything to do with scamping methods or 
to take work at so low a price that no profit can be 
made without seriously deviating from fair work- 
manship. And here architects may well be asked 
to lend a helping hand by refusing to hold out to 
their clients delusive holies a.s to how cheap W'ork 
can be done. 

BUILDING ABROAD 

In the details of building operations and methods 
there is room for much diversity, and practice is 
regulated by climat-e, custom and materials. 

Thi.s course has of necessity in considering the 
detailed methods of building construction dealt 
with their execution as carried out in England. 
To a great extent, in many of the trades the practice 
is much the same in the whole of Greater Britain 
and America, and either an architect or a builder 
w'ho had received an efficient training in his own 
country, thou|^ he would find — especially in the 
details of practice — divergencies from what ho 
was accustomed to, would, in a very short time, 
readily adapt himself to them. 

Effect of Climate. In many of the great 
English colonies the climate is essentially different 
from that of the mother coimtry, and the result 
of this difference is frequently that buildings of a 
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different typo altogether from those erected here 
are required, and the disposition of various parts 
fif a building have to be modified to suit the changed 
conditions. This is particularly the case with 
the humbler class of biiildings, in which the desired 
result must be arrived at without any great outlay, 
and in which, on this ground, purely local materials 
must be employed and used to the best advantage. 
The more undeveloi)ed any country or d istrict is, 
the more primitive will be its buildings, and where 
entirely now ground is broken the settler must often 
in the first instance be his own builder and con- 
struct his log cabin in a rough and ready fashion. 

But as soon /is communities collect together, 
building passes into the hands of a S]>ccial set of 
])eople who have had special training or show special 
aptitude : but so long as the community is some- 
what isolated and difficult of a/'cess, the nature of 
the material to be obtained locally will greatly in- 
fluence construction, and the best builder will be 
he who can apply them liest. 

Means of Transport. Transjiort, both by 
rail and from the nearest station by road to its 
destination, is in many newly -set th'il countries 
costly ; as a consequence, when materials /ire brought 
from a distan(!C, those that arc eomjiaratively light 
jirc sought for, and are em^iloyed, even though 
they are by no means the most suit/ible ones that 
can be used for the ])urpose. An instance of this 
is the very general use of corrugated iron »js 
a roofing material in South .\frica ; it is unques- 
tionably as light a material <is can well be emjiloyed 
for this purpose, but, a^iart from the difficulty 
of giving it any artistic treatment, it is on many 
grounds unsnited for us<‘ in such a climate; yet its 
cheapness and the facility with which it may be 
transporttnl has brought it into very general use, 
not only in South Afi i/ta, but in ot her colonies w’hen* 
good roofing materials arc not jirodnced. The 
element of ehea])nes8 is one th/il in all countries 
or districts that are not highly developed is usually 
an all-eon trolling factor. 

A dwelling must be ])rovided, but it must be 
incx {tensive, and therefore without many of tin* 
/•oinforts and even M’hat are considered necessities 
in more advanced districts, /ind in such cases it is 
naturally the work in the finishing trades that is 
omitted. Idle walls and roof /ire es.sentini and 
c/innot lie omittiMl, but such matters /»s internal 
]>la8tering /md ))lumbiiig work very often must be 
sacrificed in such circumstances. 

Materials and Design. In a very consider- 
/ible proportion of newly-settled countries wood is the 
most readily available buikling materi/«l, and, except 
in extremely isolated cases, sawmills /ire usually 
/‘stablished early and convert the timber as felled 
into the v/irious forms required by both carpenter 
/md joiner. Wooden buildings are very largely 
used in many such districts and often continue to 
be employed long after otber cl/isses of building 
materials are available, .Such striH-turcs arc often 
c/irried out on a large scale, and in .Australia, for 
example, and in Americ/i also, houses of considerable 
size are to a groat e.vtent constructed of wood in 
suburban and country distrii’ts. 

Australia is wollsu])p]ied with good timiHU', and hard 
woods are largely used in house construction, though 
imported woods are /ilso used for some classes of 
work. The usual construction is th/it of a timber 
frame with heat! posts and sills, well braced, /ind 
covered externally with stout we/ither boarding and 
phistered or lined with bo/irding internally. Such 
buildings are most e/isily constrmrted as one-storied 


buildings, and as land is of comparatively small 
v/iluc in such districts the large area covered by 
such a building is not a serious drawback; in such 
eases any heavy framing can usually 1x5 avoided. 
And buildings of this type also lend themselves 
to the provision of wide verandahs, a feature 
welcomed in countries where the sun has great 
power. 

The Influence of Custom. Such a 
verandah is a feature in the life of many of the 
colonies, and is commonly met with in Australia 
and Africa for instance ; the type of building 
/irising in such eases from the exigencies of th/i 
situation, in the first instance, is apt to be confirmed 
/md continued when the necessity for the original 
methods of construction, which produced them, has 
pasfxd away. In Australia, Ixyond the towns and 
in <*oimtry situations houses of considerable size 
/mrl v/iluc are constructed as one-storey buildings 
sometimes in wood, but sometimes of more per- 
manent materials. 

The influeiKH* of custom and tr/idition is always 
strong, and a ty^xof building tha1ihaslx*en jirodueed 
to meet the needs of a locality is apt bi 1 k' imjirovcd 
and develo|xd, but not /iltogether lost sight of when 
somewhat more eom))lcx structures are required. 
On the other bund, in the case of buildings of ;i 
elasK which cannot lx erected until a communilv’^ 
has Ixcome highly develo]xd, such as large public 
buildings, banks and chiirehrs, the traditions of 
the mother country often, to a very great extent, 
regulate their design and develojmient, influenced 
in det/iil by local requirements as to construction, 
but similar in general treatment to the same class 
of buildings as used in the older Euro]xan countries. 
Within the limits of the s/ime countiy, especially 
if it is of great extent, varieties of climate and other 
conditions will arise which will lead to modification 
of any general tyjx*. much as in Euro|>e such 
difTcrences have led to the use of buildings for the 
same ]iurf)Osc but w'holly different in oh/iracter in 
the extreme north and south, for exam])le, though 
in Eiirojx these v/iriations are further influenci'd 
by differenci' of race. 

But in a country of even moderate size, cs])ecially 
in the case of countries which have to depend 
largely on im])orted materials, tho.se towns which 
lie on the co/ist or are directly served by .i railw’/iy 
will have /i grc/it advantage over those less well 
served, and this is particularly the case with all 
t hose eo/ist towms that become ports. The necessity 
for handling building materials when they are 
tr/ms])orted by different kinds of conveyances — 
from a ship to a waggon, thence to /i tr/iin, and 
iigain to /I waggon — make the cost of dealing with 
them very heavy where several such ch/ingcj 
have to Im* made; in a seaport the i-ost, i.s often 
greatly reduced by the possibility of conveying 
goods direct from the .ship to the site. 

When a country is so far develojxd as to be able 
to lie] lend to a gre/it extent on its own resources 
for all kinds of fitt n,::s as well /is for the materials 
of the earciise work, this sjxcial /idvant/igc is less 
m/irked ; hut even in countries that have been 
settled and developt>d for a long time, a consider- 
able number of fittings and special appliances are 
/ilmost always required to be imported. 

The Rapid Growth of Towns. 

of the surjirising features of m/iny of thi' im- 
])ortant cities in the Colonies and America is the 
extraordinary rapidity with which they arista in 
w'hat has hitherto Ixen little more than a wilderness. 
A discovery of gold, or some other cause, atlracts 
[xople to a centre, where buildings of a simple 
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character are at first hurriedly constructed ; but in 
a surprisingly short time the original settlement 
is replaced by a well laid out and well constructed 
city, which almost immediately springs into life 
and full activity. 

In some rcs)x^cts such a city })osse8ses gf-cat 
advantages over many of those in older countries, 
as from the verj’ first its disposition and general 
development can l>e regulated w’ithout inter- 
fcrencc with private and vested rights, such 
as prevented the adoption of the magnificent 
scheme for rebuilding London prepared by Sir 
Christopher "NVren after the (JreatFire. It is true 
that most towns of this class lack, and will ever 
lack, the picturesqueness and charm of an old-world 
town, w'ith its streets of irregular width and varying 
line; but from the j »ii roly business point of ^iew 
the orderly laying out of a town on a definite plan, 
designed to facilitate communication between all 
its jmrts by sj^acious streets, is of great commercial 
value. Such a di8|)osition is not necessarily . in- 
compatible with the arrangement of fine street 
architecture, as is evidenced by Wren’s plan already 
referred to. 

Tall Buildings. One of the striking 
developments of the new American cities is the 
enormous height to whicli buildings are carried 
up, in a manner which in tliis count rj*, with its old 
laws as to casements and the rights of neighbour- 
ing owners will fortunately' never be )x>ssihle. 
The TX)ssibilitv of erecting such structures, to which, 
in iVew York, for instance, there seems to he 
hardly any final limit, has undoubtedly led to the 
development of a system of construction different 
in character to any dovcloj>ed under more reasonable* 
requirements. Such buildings arc only po.s8ible 
when executed, so far as their main structure is 
concerned, practically exclusively of steel. It 
would be impossible to carry up a building of 
20 or 30 storeys, or even more, in height w'ith walls 
of either brick or stone without making the lower 
walls of such immense thickness, and the whole 
building of such an intolerable weight, as to defeat 
its own object. 

Special M.3thods of Construction. 

With a steel frame, however, the conditions are 
altered, and though the total load on the founda- 
tions w’ill still be enormous, it is possible, by skilful 
disposition, to distribute this over a very large 
area of surface, and to erect structures extending 
to upwards of 3(H3 ft, high and of many storeys, 
enclosed with walls which are mere screens against 
the weather. The walls of each storey are carried 
on girders indei>endently of the storeys eithcr above 
or toIow, so that it is }»ossible in such a building, 
after the frame is onee erected, to start tlio walls 
at any level without the necessity of building them 
up in the ordinary method from a solid foundation. 
In our OUT! country steel-framed buildings aie 
Ijeeoming common, but in London, at least, the 
reflations do not i»ermit of American methods 
lx;ing carried out to the extent of treating each 
storey as an independent wall, and regulating it as 
regards thickness on this basis; this is, however, 
an essential feature in the success of such a sysbun 
of construction, if full advantage is to be taken of 
its possibilities. 

The foundations for such lofty erections must be 
prepared with great care ; this is a matter of even 
greater importance than usual, when such enormotts 
loads are to be carried, and in America piles arc usc*d 
almost invariably, not merely placed in row.s 
under lines of wall, but very usually disposed in 
a series of lines over the whole area of the site; 
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they are finished w'ith a timl^er grilhige and concrete, 
as already described. When once, however, iho 
preparation of the foundations is completed the 
work of the superstructure can proceed with great 
rapidity ; the erection of the steel framp, which 
may be prepared while the foundations are being 
)mt in, being by no means a lengthy operation. 
When once this is completed the filling in of the 
W'alls may be carried out at several different stages 
at one and the same time. 

The erection of such lofty buildings does not 
merely affect the manner in which the carcase is 
erected, but all kinds of internal details — such 
matters, for example, as those of water supply and 
the means of access to the upper floors, which is 
usually arranged for by means of express lifts. 
The problems of heating and ventilation also require 
sijecial consideration and treatment in such lofty 
structures. 

Labourasaving Plant. In the great towns 
of the North American continent the builder and 
contractor is often bettor equipjied than in this 
country with all kinds of labour-saving plant, and, 
as in the case of main' other industries, many of the 
machines and ajqfiianccs now in use in other 
countries have been originally invouted in America 
to facilitate rapidity of construction. 

It is largely the desire for extreme rajiidity of 
construction that lias led to such modifications as 
have been referretl to in building methods, combined 
with the desire to reduce to a minimum the area 
of the supporting and enclosing walls, so as to render 
every jiossibh* inch of a site available for use for the 
purpose* of bringing in rents. This is largely due 
to the immensely increased value of land in the 
larger and more imjxirtant towns, and with such 
inflated ground rents it is naturally important 
to secure that as large a proyiorlion as }K>8aibie of 
the area shall earn rent ; it is also important to 
ensure that the site shall lie idle for as short a time 
as ]>o8sible. 

All such work requires the most skilful organisa- 
tion and forctlioiight ; it dot^s not suffice for the 

contractor to look forward — * 

weeks, but he must from th** 
and arrange for all the w ork 
to com2)lete his building. 

Drawbacks of Rapid Construction. 

This hasty building, the outcome of commercial 
pressure, is not without its very serious drawbacks. 
It gives no time for the thoughtful consideration of 
the nrcrhitcct's W'ork, which, like the builder’s, must 
Ik* turned out as it were from a drawing machine. 
Buildings designtd and erected under siicli conditions 
must, almost of necessity, liear a commercial rather 
than an artistic impress. Keally good architectural 
work must have time and consideration given to it 
for its careful development, and hasty planning, 
and the impossibility of modifying in any way a 
design while the w*ork is in progress, militates against 
the lx?st work. 

The system 1ms this great disadvantage, too, that 
it creates a general impression that all w'ork cun lx> 
carried out at a much qiiic^ker ]mcc than is desirable, 
except for such 8|,ecial structures as have been 
described. It is, however, fatal to really good 
building to hurry it unduly, for work requires to bo 
given time to settle into its place ; if walls, there- 
fore, are rushed up hurriedly, too great a load may 
Ikj placed upon the lower ]>ortions botere the mortar 
is properly set, and the building is not given time to 
dry before the finishings are put in, resulting in 
shrinkage and other evils. 
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Effect of Climate on Individual 

Trades. It is not poHnible to deal in detail with 
the cffeol. produced on the difToront trades by 
variations in climate in various parts of the world ; 
it may be desirable, however, to pointout that this is 
a matter that does afTcct methods of work and the 
l>osRibilitie8 of applying certain classes of materials, 
and creates a class of conditions which affect certain 
trades in a manner totally different from those with 
which we are familiar. 

One or t wo examjdes may siiffice to dra w attention 
to this point. In some hot climates, for example, 
the plasterer has not to guard against his work 
being damaged by frost at certain seasons, but he 
may have to fear the effect of hot drying winds that 
will most injuriously affect the ])lRstor ; it may be 
just as important to suspend work at such times as 
with us in frosty weather. 

fjlreat heat and rapid changes of temperature, 
such as occur in some places, render the use of lead 
on roofs, and even for pi})eH, very undesirable, owing 
to the amount of expansion that is caused, and the 
iiuTcased tendency to “ creep.” In such climates, 
substitutes have to be provided, and in many 
similar ways the details of various trades must l)e 
modified and adopted to suit local conditions. 

Again, in some places, the ravages of insects, such, 
for exam])le, as the whiU' ant, are so serious as to 
retjuire special conditions to meet them. 

'riie builder abroad may, in many districts, have 
a much greater difTiculty in finding the men he w'ants, 
skilled in the various trades, to carry out urgent and 
im|K)rtant work, as the supply is often limited, 
'riie management and control of men under such 
conditions is one of greater difficulty than when the 
supiily is greater than the demand. 

'file qualities and powers, however, that make a 
man successful as a builder in one country will be 
useful in another ; and he who lias liad a thorough 
training, and has this cayiacity for controlling and 
directing labour and the complicated work in a 
variety of trades and managing the business of a 
builder s office, will not find the variation of any 
local conditions so great that these cannot, with a 
little time and attention, be thoroughly mastered 
and overcome if eireumstanees make it desirable 
ihat work should Ik* taken up in other lands than 
that in which he has been trained. 
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A word of warning may be odded agninRt the 
fooliHhnesB of constantly changing the form of 
signature. A sensible business man adopts a form 
and sticks to it. 

The signature should be written on the line next 
to the complimentary close, and should be written 
so as to finish near the right-hand edge of the 

manager or secretary of a public company 
usually adds his official position when signing ; 
thus, William Church {Manager)^ HcrtK'y W inton 
{Secretary). Strictly speaking, only a ])artner in 
a firm is entitled to sim the name of the firm ; 
but, in most houses of business certain employes 
are also empowered to sign the firm’s name, 
'rhis authority is often given by means of a legal 
instrument called a power of attorney, and it is 
usual to publish the names of persons so authorised, 
oi’ to send copies of their signatures to the corre- 
spondents of the firm. These persons are said to 
sign per procurationem, whicli means power to 
conduct another person’s business, and. therefore, 
1o sign letters, etc., on his l>ehalf. Per procura- 
tionem is contracted as follows : per pro. ; p. pro. : 
or p. p. For example : 

p p. Smilefi rff Co., or per pro. Smiles <0 Co., 
Charles Locke. Charles Locke. 

There is no commoner mistake made by junior 
clerks than to sign an unimportant letter or pmst- 
('urd given them to despatch with tlieir name, 
preceded by an abbreviation for per procurationem, 
when, as a matter of fact, they possess no such 
aiUhority. 

An employe having no spocial power to bind 
the firm should sign as in the following example : 

for Smithson Co., or pro Stnithson <(* Co., 
Edwin Reed. Edwin Reed. 

Characteristics of a Good Business 
Letter. These are (1) absolute accuracy and 
clearness as to the facts, figures, or terms referred 
to ; (2) brevity, so far as this may be retained 
along with clearness of meaning : and (3) courtesy, 
which is at all times advisable and always possible, 
even in a letter whieh is otherwise disagreeable 
to the recipient. 

'Fhc business correspondent, theiefore, should 
make it a rule to see that all cpiotations, terms of 
tlelivery, etc., are carefully checked lofore a letter 
is desp)atcdied. No trace of ambiguity should lo 
p)resent to make it possible for even the most in- 
genious porson to extract two meanings from a 
(‘ommiinication. It must be remembt*red that 
the recipient of a letUir will naturally construe it in 
the sense most favourable to himself, which may 
mean pocimiary loss to the sender of the letter. 
'Phe business letter writer should make every effort 
to acquire the ability to exp^ress himself clearly 
and concisely, and to adopjt a courteous tone in 
I loth writing and spieaking, even when he is most 
firm in his attitude, on a matter of b\isineHs. 

Excellence as a business correspiondent can be 
ac(piired onl^ by careful study and much jiractice, 
but the beginner will derive considerable benefit 
from the pierusal of the spx'cimens of actual business 
letters given in “ Pitman’s rommercial Corre- 
spiondence and Commercial English ” (Sir Isaac 
Ifitman & Sons, Ltd., London), which also contains 
H long chapter of instruction in this necessary art. 

The Arrangement of the Letter. A 
logical order and arrangement of the various 
pioints treated should always be observed in a busi- 
ness letter. It is a mistake to refer in the third and 
fourth paragraphs to a matter which is dealt w’ith 
in the first paragraph. All that requires to be 
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written about any subject should bo written in 
the same part of the letter, and not scattered hero 
and there throughout the communication. Loose 
writing indicates loose thinking, and gives the 
correspondent a poor impression of the writer. 

EzeessiTe Paragraphing Should be 
Avoided. It is sufficient to begin a fresh 
paragraph when there is a change in the subject. 
In letters between a firm and its agent it is usual 
to indicate the matter dealt with in each paragraph 
by writing at the beginning some word or words 
which serve as a sort of title to the piaragraph. 
This greatly facilitates reference to any point in 
the letter, and the method is accordingly growing 
in favour. 

Punctuation of a Business Letter. 

Punctuation, or the insertion of stopis in corre- 
Hpxmdcnce, is necessary to mark the piarts and 
sections into which sentences and pjaragraphs are 
divided, so that the exact meaning may bo quite 
clear. The real use of stops is to cut off and 
separate single words, or groups of words, from one 
another. 

The ability to punctuate properly can be acquired 
only by a fairly extensive course of reading of the 
best authors and a considerable amount of prac- 
tice in original comy)osition. The reading and 
copying of high-class poetry w'ill be found of great 
assistance in the acquisition of the knowledge of 
the correct use of stotw. 

It should lx* rememoered, however, that the more 
carefully the matter is arranged and written, the 
less ne^ will there be for punctuation marks. It 
is a mistake to depend entirely upon punctuation for 
the correct interpretation of a passage. Moreover, 
an excessive use of stoyxi gives a broken appearance 
to the matter, and may lead to confusion. After all, 
punctuation is largely a matter of individual taste 
and discretion, and depends to a great extent upon 
the style of the writer and the subject of the com- 
|K)sition. The following brief hints with regard to 
the use of stops in the composition of business 
correspondence may be found serviceable to the 
beginner. 

The Full Stop (.). This mark is used : (a) 
at the close of a sentence, as : The goods were 
forivarded by L. cO N. W. Ry. yesterday, {b) After 
abbreviations. Roman numerals, and headings, as : 
G. Goodman, Esq., H.A., The Laurels, Ealing, ir. ; 
Chapter XV, ; Service Regulations. 

The Colon ( : ). This is inserted before a 
remark which is of the nature of an afterthought^ as : 
Jnroic 4 ;s to be sent direct to customers : copies to tne 
at this address. Please see that the pattern is copied 
exactly : mere similarity will not do. 

The Colon and the Dash(: — ). These 
are used before a quotation or a list of thinj^, as : 
Referring to your inquiry about J/r. Thomas Ijiowdl, 
we have a letter from our agent this morning in which 
he says : — I have made careful inquiries re Mr. 
Thonuis ThoweU, and I find that he failed in lllOl, 
with liabilities £3,600, and assets £275.” Please 
quote ns your lowest prices, F.O.R. Liver })ool, for the 
following : 

15 cwt. Mysore coffee 

7 cwt. Trinidad cocoa 

o-ton lots best cube su^gar. 

The Semicolon ( ; ). This mark is enijdoyed 
when two or more sentences are combined, as : 
/ called there to-day ; saw the buyer ; and secured 
the order which is enclosed herewith. 

The Comma ( ») . This is used : (a) when it is 
necessary to indicate a short pause so that the sense 
of the passage may be quite clear, as : U pan the 
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receipt of pour cable of the lO^/i I cidled upon 

Messre, Deane, wlio practically control the market 
at present, and ashed them to alter their quotation ; 
but they absolutely declined to budge a cent, 

(6) ^T^en it is desired to separate a parenthetical 
clause from the remainder of the sentence, as : 
If this trial order gives satisfaction, as we hewe no 
doubt it will, a profitable, business may result, since 
our friends do a larger trade than any house in this 
particular market. 

(c) Before and after words the insertion of which 
slightly affecte the smoothness of a sentence, as ; 
Kindly examine the account, and, if correct, be good 
enough to send us a cheque for the atnount at once. 

{d) Between two phrases joined by the w’ord 
“ and,’’ as : We should he pleased to have your 
orders again, and we feel sure you UKtuld be satisfied 
with the quality of the goods we arc now offering. 

The Dash ( — ). This mark is used to denote 
an abrupt break in the sentence, or it may take the 
place of brackets, as : Referring to the consignment 
of hat trimmings — which, by the way, we are expecting 
daily — we have got into touch with several likely buyers, 
and we hope to effect speedy sales at fair prices. 

The Interrogation Point (?). This is 
used : (o) after a direct question, ns : May ur 
send you a small parcel at this jirice ? {h) At the end 
of a sentence which is meant as a query, as : M e 
presume you uoidd have no difficulty in making 
delivery of t’le goods by that date ? 

The interrogation point is not necessary w'hen the 

uestion is only reported to have been asked, as : 

saw the chief traffic manager, and he asked me when 
we could supply the necessary delails. 

The Apostrophe ( * ). This is properly nsecl 

(a) to mark the possessive case of nouns, as : 
We have foruHirded you to-day, per M. Ry. Co., a 
case containing (i dozen mens caps, 4 dozen hoys' 
vests, and 3 dozen girls' Tam-o'-Shanters. The 
manager s clerk called at the company's office yesterday, 
and was shoum Mr. Boyds receipt for the correct 
amount. We completed Mr. Emm's order last week. 

(b) To indicate that some letter or letters have 
been omitted, as : / don't think it's possible, to do 
anything with this man. I can't arrange an inter- 
view with him, as he won't even answer my letters. 

(c) To indicate the plural of single letters or figures 
U8^ as words, as : Your correspondent must mind 
his p's and q's. All the 2's and many of the are 
faulty. 

The Quotation MarKs (** ’*)• These are 
used (a) when the exact words of another |)erson are 
quoted, as : Please note that our hill of £200 lOs. (M., 
due on the 2nd inst., has been returned to us marked 
" Refer to Drawer," and our bankers inform us that 
your account is overdrawn. The exact uording of 
the clause was as follou's : “ If loaded in the Danube 
otherwise than at Salina, lighterage on the Danube or 
at Salina, if necessary, to be at merchant's risk, hut 
steamer's expemt." 

{b) When the titles of books, etc., arc quoted, us 
/ asked his authority for the statement, and he told me 
he had seen it in Pitman's Commercial Law," as well 
as in “ Pitman's Mayiuul of Business Training'' 
and he was therefore satisfied as to its accuracy. 

It should l>e noted, however, that a quotation 
within a quotation is indicated by single marks only, 
as : Mr. W(dker said, “ 1 charged him with trying to 
deceive us, and he answered, ‘ / am not. I will pay 
you in a week, or I will return the gornls.' " 

Parenthesis MarKs |( )j. These marks are 
used to enclose words or figures not strictly connected 
with the sentence in which they apyiear, as : The 
cargo is to be placed on hoard in fifty rnnutng hours 


{Sundays and holidays excepted), to count from the 
time the vessel is ready to receive cargo. 

The Exclamation Point (!). This mark 
is not often used in commercial composition, but 
it would be correctly employed to express sudden 
emotion, surprise, etc., as : Ten per cent commisiian ! 
Ridiculous ! The terms are absurd ! 

Emphasis. Where it is considered desirable 
to emjmasise words in a letter, a line is drawn 
underneath the words, as : We wrote you on the 
5th April, and again on the \2th April, with regard 
to our overdue account, and must now request your 
immediate attention to this matter. 

Use of Capitals. The following w'ords should 
begin with capital letters : 

{a) The first word of every sentence, as : Please 
instruct your traveller to call. Wc trust the parcel vail 
reach you safely, and that the quality of the goods 
will please you. 

{b) The names of the days of the week and months 
of the year, as : Our representative, Mr. T. Kerr, 
will be in your Unvn on the first Monday in June, 
and will call upon you as desired. 

(f) All projier names and adjectives derived from 
them, as : James Beamish, Esq. : India, Indian ; 
Harrison, Harrismiian. 

(d) Titles of persons, as : His Excellency the 
Duke of Bragga Dodo. 

(e) Titles of books as : “ Pitman's Mercantile 

Law." Harmswoiith Self-Editator. 

if) The first word of every direct quotation, as : 
"Pitman's Bnsines.<i Man's Guide" says “.la 
ixecutor may be apjtointed by name, or by implication : 
but. in the latter case, is called an executof according 
to thf tenor." 

ig) The pronoun / and the interjection (>, as : 
If you will give me a call, I shall he glad to arrange 
the matter. Knowest thou not, O stupid man, thy 
time is near ? 

To those who desire to go furtlier in the study of 
punetuation, we recommend “ Punctuation as 
a Means of Exjiression,” by A. E. l-iovell, M. A., and 
jHiblished by Sir Isaac Pitman & Sons, Ltd. Price 
Is. Cd. 

Spelling- Inuc(Miratc s]Krlling is an unpardon- 
able fault in a business corresyKindent. With the 
multitude of cheap and reliable dictionaries now' 
available, there is no excuse for the habitually 
bad s|>elJcr. Undoubtedly, many a young man has 
failed in his endeavour to obtain an af>])ointm(*nt 
In-cause of the grievous faults of sj^lling noticed in 
his letter of application, f'aulty si»clling is difficult 
to eradicate, Ijeeause, as a rule, the culprit is not 
aware of his failing. The habit of referring to flu* 
dk'tionary in doubtful cases can be recominendcsl 
as an almost certain cure for the worst offender. 
“Pitman’s Pocket Dictionary" is a useful little 
work for the puryiose. The following remarks 
may be helpful in preventing some gross errors, 
which are very common : 

Their is a pronoun, as : 7'hcir books have a capital 
reputation. 

There is an adverb, as : There they were, slowrd 
away on the shelves. 

Where is an adverb, as : Where can wc leant tl, 
system ? 

Hear is a verb, as : H r hear they are in liquidation. 

Here is an adverb : Here we met their traveller. 

His is a yn-onoun (also construed ns an adjective), 
as : HV have read his hoetk, but it is not his best. 

Is is the third yierson singular of be, as ; He is 
very clearly uneasy in his mind as to the result. It 
is certain that his influence is diminishing. 



Has is the third person singular of have, as ; He 
has men the sample, and has satisfied himself as to 
its sxiitaJlnlity. 

As is an adverb or conjunction, as : As I have 
already stated, such a hook as he has written cannot 
he as great a succ.ess as he has been led to expect. 

The corres^wndent will find it useful to keep 
within reach some such l)ook as “ Pitman’s 
Commercial Speller ” or the same publisher’s 
“ Pocket Dictionary.” 

Some Faults to be Avoided. A carelessly 
written business letter indicates a certain amount 
of di8rcs])ect to the recipient, which cannot be 
ex^KJctcd to lead to satisfactory business relations 
lietween the parties. Blots, erasures, repeated 
intcriiolations and corrections, as well as positively 
illegible writing, should be scrupulously avoided. It 
is infinitely better to rewrite a letter than to 
despatch it with disfigurements of the kind here 
mentioned. 

Keep to business- It is also a mistake to 
introduce )>urcly private affairs, or matters of per- 
sonal friendship, into a business communication. 
Your corrcs])ondent may not desire other person^ 
to see the reniaiks of a private nature which you 
have inserted in your business letter to him. Yet 
how is he to prevent, it if the letter follows the 
usual course, and is filed aw'ay by a junior clerk ? 
It is, of course, easily conceivable that intimate 
]>rivate friendshi]) may exist between persons 
h?iving close business connections. But the rela- 
tions ought to he kcjtt strictly separate, as far as 
WTitten communications are concerned. 

Intemperate Language. Every business 
corres[)ondent has had cxyK^rience of aw'kward 
clients, ])ersons whose ]H‘culinrities of tem|»erament 
are eviHenc(^d in their communications in the form 
of ill-cho.sen and even rude expressions. The 
most cven-tein]>c‘re<l man is strongly tempted some* 
times to write a Insty rc]»ly to a letter of the kind 
jef(M*i ed to. But the temptation should be resisted, 
and the answer allowed to wait, when calmer feel- 
ings and further consideration w'ill probably suggest 
a widely different and much more courteous rejdy. 
A curt reply, dictated in a fit of teni]>er, has been 
the immediate cause of many a cIosckI account. 
A business man cannot afford to indulge in sarcasm 
nt the ex])on8e of his customers. 

Inaccurate or Insufficient Details. 

In letters ordering goods, asking for quotations, 
or in(|uiring wdth regard to non-delivery, etc., 
the writer should be careful to sixK'ify exactly 
what is w^anted, or wdiat goods are referred to. 
Such ex]>ressions as “ Same as we had Ixdore ” 
are more than likely to occasion unnecessary 
trouble and annoyance to both parties. 

Abbreviations to be Avoided. The 
abbreviation “ gents ” for ” gentlemen ” is oxccs- 
sively vulgar, and should never lie employed. The 
amf)ersand (&), while correctly used in the title 
of a firm, as : “ Messrs Brown & Jones,” should 
never be used in the body of a letter. It is also 
wrong to employ etc.” in the complimentary 
close. “ Yours, etc.,” should never appear. 

Unnecessarily Long Letters. It is a 
mistiiko to write unnecessarily lengthy communi- 
cations. Time is an important factor in a business 
man’s life, and it is l>oth impolitic and unfair to 
trouble him with a long letter when a shorter one 
would answer the ]uirpOHc very much better. 
The author of ” l^etters of a Self-made Merchant 
to his Son ” says that, ” Beginning before you 
know whit you have to say, and keejung on 
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after you have said it, lands a merchant in a law- 
suit or the poor-house, and one’s a short cut to 
the other.” 

Some Hints on Business Composition. 

The late Sir Courten »y Boyle, in one of his lectures 
to business men, gave the following excellent 
advice: “If we write a letter (esjHXjially if it is 
a business letter), first of all we must be sure that 
we understand it ourselves. Then be sure that our 
correspondent will understand it. We ought to 
try to put ourselves in the place of the j)erson who 
rectuves the letter — try to ascertain, as far asweean, 
that he will understand that which we wish to 
convey. Very often both rules arc broken.” 

The correspondent should not sacrifice clearness 
to brevity — undoubtedly desirable as the latter 
quality is in a business letter. It is much better 
to wril-o an extra sentence than to send off a letter 
which is in any way ambiguous. A very interesting 
as well as useful exercise for the cultivation of 
clearness of expression without verbiage is to 
take a paragraph from the cf)mmcrcial columns of 
the newspap<T, and condense the intelligence there 
given into ns brief a statement as possible, without 
using any unnecessary words. Or, ns a variation, 
to take the lending artielc in the same paper, and 
delete every word which is not necessary 1o 
elucidate the writer’s meaning. 

Another useful practice is to write out sentences 
showing the distinction between words which are 
very similar in apj)earanee and pronunciation, ns: 
'I he new patent calender is mentioned in the 
calendar. He contraetM to alter the 8te])s of the 
altar. The holy man was wholly at fault in the 
matter. The lord of the manor has a disagreeable 
manner. The wife of the soinr is a good sewer. 
IVhethcr it hail, or whether it blow, the wether must 
weather it, whether or no. Please check the amount 
of the cheque, and, if correct, sign it. 

Technical Terms and Phrases. There 
arc certain technical terms and ]>hrases familiar 
to every branch of commerce, and it is essential 
that the eorresjjondent sliould have a thorough 
knowledge of those common to the business in 
which he is engaged. At the same time, he should 
exercise ])rudence in the use of these phrases when 
writing, and should refrain from using any i>hra8e 
which he is not quite certain that the receiver of the 
letter will understand. Those who wish to possess 
a detailed list of the terms and phrases em]>loyed 
in business should obtain “ Pitman's Business 
Terms and Phrases,” which gives also an explana- 
tion of each j^hrase. 

Forms of Address* The following are the 
proper forms of address to he useil in correajx)ndence. 
As Dusiness men have at leaiit occasionally to write 
to ladies and gentlemen of title, the list has been 
extended so ns $0 include the forms piroper in such 
cases, as well os the correct manner of beginning 
and ending the letter : 

A Prince of the Blood Royal. 

His Jtoyal Highness th^ Prince of iro/*’'?, 

Sandringham. 

Begin : Sir. End : I remain. Sir, your Royal 
Highness's most humhle and ol>cditnt servant. 

An Archbishop. 

To His Grace The Isjrd Archbishop of York. 

Begin : Your Grace. End : I remain, my Lord 
ArcLbisliop, Your Grace's most obedient servant. 

A Bishop. 

The Right Rei'erend the Lord Bishop of MancAester. 

Begin : My Lord Bishop. End : / remain, my 
Lord Bishop, Your Lordship* s most obedient servant, 
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A Duke. 

His Grace the Duke of Fife. 
l^egin : Your Grace. End : I remain, my Lfurd 
Duke. Your Grace's most obedient servant. 

A Marquis. 

The Most Honourable the Marquis of AUsa. 
Bogin : My Lord Marquis. End : Ah in the case 
oi a D kc. but iiHitig Lordship instead of Grace. 

An Eai^l. 

The Bight Honourable the Earl of Cawdor. 
Begin : My Lord. End as when writing to a 
Marquis. 

A Viscount. 

The Bight Honourable the Viscount Gordon. 
Begin and end as to a Marquis. 

A Baron. 

The Bight Honourable Lord Acton. 

Begin and emi as to a Marquis. 

Baronets and Knichts. 

Sir William Nemo. Bart, (or A'wt.). 

Begin: Sir. End: I remain. Sir. Your most 
obedient sermnt. 

A Member of Parliament. 

Joseph King. Esq.. M.P. 

Begin: Sir. End: / am. Sir. Your obedient 
servant. 

An Official- 
7’/n; Secretary. 

Board of Agriculture. 

4, Whiteluill Place. 

London. S. W. 

The Bight Honourable the Sccreiary of State for I ndia. 
The India Office. 

St. James's Park. 

London. iS^. If. 

The Bight Honourable the President. Board of Trade. 
Whitehall Gardens. 

London. S. M'. 

Begin : Sir. End : / am. Sir. Your obedient 
servant ; or, J have the honour to he. my Lord. Your 
Lordship’s most obedient servant. 

Commercial Firms. 

Messrs. Lorric d- Sons. 

The Spiegel Electric Co.. Ltd. 

Begin : Dear Sirs or Gentlemen. End : Yours 
faithfully or Yours truly. 

A Firm Composed ok Ladies. 

Mesdames Buckley and Pearce. 
liegin : L/idies. End : Yours faithfuUy or Yours 
truly. 

A French (Gentleman. 

M. Pierre JJupr'-. 

Blip. Beauuvr. .‘57, 

Paris. 

France. 

A French Firm. 

MM. Jacgucs Moct et Fils, or Mcji^rs. Jacques 
Moet et Fils. 

A Ceuman Gentleman. 

Herm Friedrich Werner. 

Jfifjcr Strasse. 

Berlin. 

Germany. 

A German Firm. 

Herren Weber tk Cie. 

An Italian Gentleman. 

Signor La Cava. 

An Italian t'lRM. 

Signori Bocconi c Zanardelli. 

A Spanish Gentleman. 

Sr. J)on Franisca Bermudez. 

A Spanish Firm. 

Sre/t. Se.lck y Via. 


Shorthand and Commercial Corre- 
spondence. A knowledge of shorthand is 
essential to anyone who desires to take up the ix>«i- 
tion of correspondent in a busines-s house ; of courHO, 
the practically universal Pitman Hystom is the ono 
that should be ado})ted. It is a common occurrenco 
for one writer in an office to be called u|X)n to 
transcribe another's shorthand notes, and it A 
necessary, therefore, that all the shorthand 
writers "in the office shoidd employ the same 
system. 

A pro]>er study of Pitman's shorthand will bo 
found a very valuable help to the study and 
mastering of foreign languages. The system has, 
in fact, Ix'cn adapted to twenty different languages, 
including French, German, Japanese, (hineso 
Spanish, and Welsh. There are numerous maga- 
zines and books published in Pitman's shorthand, 
so that the learner has a wealth of high-class 
readinii'inatter always obtainable. The textlmoks 
are cheap, and the study proves quite fjisciiiatiiig 
to thousands who take it up. 

The Training of Correapondents. 

‘‘ Commercial Correspondence ” is now' a regular 
item in the curricula of day and evening commercial 
schools all over the country, and systematic instruc- 
tion in this necessary branch of a commercial 
training is given by men who are not only qualified 
teachers, but also ]>ractical business men. The 
subject attracts large numbers of students, the 
majority of whom submit themselves for examination 
in the subjects at the close of the winter session, 
either by the Society of Arts or some other well- 
kuowm examining authority. 1’iic examinations arc 
eminently practical in character, the ]>H)>ers l)eing 
set and marked by men actually engaged in com- 
merce and having tlio conduct of bu.sine.s.s corre- 
8]>ondence on a large scale. 'I'hc ])roy>aratinn 
for the examinations must, therefore, Ikj very 
thorough, or the candidate will tind himself unablo 
to pass. 

('oininorcial schools under private proprietorshij) 
have not only increased during (piite recent yeai*s, 
but they have develo|wd their methods to met*t the 
demands of the times. Many of these institutions 
n(»w teach languages, bookkeeping, and other 
subjects of busines.s training, by com*s]iondence as 
w’cll as orally, and large establishimuits like Pitman’s 
Metropolitan Scdiool, Southam])lon Kt>w, Ixmdon, 
VV.C. (the largest commereial s( hor 1 in the world), 
ke<q> a H]a*cial .stafl of teachers, who devote their 
whole time to ]K)stal tuition. There is, therefore, no 
reason why students who tind it ineonvenienl to 
attend elasses should not pursiu* their studies by 
means of postal tuition, secuire in the knowlcnlgc that 
they will be guided by ex|)erts in the subjeets in 
w'hieh they desire iiistructiori. 

A Final 'Word. In concluding this article, 
the writer w'ould like to impress u|>on the reader 
the necessity, not only that he should 1 k‘ absohiUdy 
thorough in his devotion to the interests of his 
employer, but also that lie sliouhl bt* ^losaessed of a 
strong determination to do everything possible to 
sueceed in life. The junior elerk — and even the 
office-boy— should cultivaUf a laudable ambition to 
become one day the senior ]»artner in the linn whose 
service he enters ; and he should fit himself by 
strict attention to duty, earnest study in his span? 
time, and absolute fidelity for the position which 
it is his ambition ono day to occupy, realising th ‘ 
fact that the incompetent or lazy youth cannot 
become a successful business man. 


Continiied 
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FOOD SUPPLY 

Fermenting: the Must Expressed from Grapes. The Mys- 

23 

tery of Bouquet Wines which Do Not Pay Duty. Cider 

PollowitIK BKKWIKU 
from pace 6230 


By CLAYTON BEADLE and HENRY P. STEVENS 


yjT/INE is the fermented juice of the grape, for the 
^ production of wh^ch the vine is cultivated in 
the middle and southern ]:)arts of Europe, and also in 
other parts of the world, especially in California nnd 
Australia. The season for gathering the grayies will, 
of course, vary with the climate, but for some classes 
of wines the grapes arc allowed to ripen more eom- 
y)letoly than for others. Thus, in the Chamy)agne 
district the grapes are gathered before they are 
fully riy>e, in oi'der that the colour of the wine may 
be as pale as possible. On the other hand, for bur- 
gundy, the grapes arc allowed to become fully ripe, 
in order that the deepest coloured wine may be pro- 
duced*. JiCaving the question of colour out of 
account, it is probable that the best wine would l)e 
obtained from gray>es fully matured, and allowed to 
remain on the branches as long as jiossible. 

Expressing and Fermenting the Must. 
When gathered, the grayies are crushed (Ij. Li 
the case of white wines, it is not usual to remove 
the stalks, as the liquor is strained off immediately 
from the residue, and there is little danger of absorp- 
tion of astringent matter from the stalks. For red 
wines, the stalks arc invariably removed, as the skins 
{husks) are used later to colour the liquor {must). 

'J'he mechanism employed for removing the stalks 
consists of a series of sieves. The graiies are crushed 
cither by treading or by passing between rollers, and 
then passwl to the press. The old form consistcfl 
of a box with yierforations, through which the must 
was expelled, pressure l)eing apydied by a plunger 
worked by a screw ; but this form of machinery 
has l>cen largely replaced by centrifugal machines. 

'J"he next process consists in fermentation of the 
must, which is brought alwut by the albuminous 
matters it contains. For white wines, the oiieration 
is conducted in covered vats, provided with a hole 
in the cover to allow the escayx* of carbon dioxide. 

Red wines are usually fermented in fiyajii vats in the 
yjresence of the husks, the whole mass being stirred 
from time to time. In this way much of the colour- 
ing matter is ttiken up, and the bouquet imy>roved. 
In the course of the operation, which lasts from 
twelve to fourteen days, the yeast cells settle to the 
bottom, carrying with them most of the albuminous 
matter. The “ young ” wine is thus drawn off, and 
allowed to settle in other vats. When this second 
sedimentation is complete, it is drawn off into clean 
casks and allowed to mature. W^hite wines are liable 
to a second fermentation if the albuminous matter is 
not comydetely removed with the yeast ; but this 
docs not hapyjen with red wines, as the tannin and 
acids extracted from the husks prevent any further 
fermentation. In the process of maturing, tne young 
wine loses any sugar it still contains by such after- 
fermentation ; at the same time, albuminous sub- 
stances and colouring matters separate out, together 
with acid |>otasBium tartrate, as a crystalline crust, 
known as argol [see Applied Chemistry, page 4782]. 

Before fermentation grape juice contains varying 
quantities of sugar nnd acids. From analyses that 
have been made, we may cite the cose of must 
from the Rhine district, containing about 18 per 
cent, of sugar, making, with other extractive matters. 


24 per cent, of total solids, which include albuminous 
and inorganic salts and 0*6 y)er cent, of free acid. 

The chief products of fermentation are ordinary 
alcohol and carbon dioxide gas ; in addition, there 
are formed small quantitic^s of glycerin, acids, com- 
plex alcohols, and ethers, to which the bouquet of 
the wine is largely due. 

Natural wines fermented from the unadulterated 
must contain from 0 jxjr cent, to 12 per cent, of 
alcohol, and glycerin to the extent of from 7 percent, 
to 10 per cent, of this quantity. 

Flavour and Bouquet. The question as to 
the bouquet of wines is of the greatest imy)ortance 
from a commercial point of view, and much work 
has been done with a view to ascertaining the cause 
of the Havour and the means of yjroducing it. In 
some cases it has Ijcen stated to be due to thie action 
of frost on the gray>es, It is also affected by the 
matters extracted from the marc (husks, stones, 
etc.), by the fermented juice. It appears, how'cver, 
that it is ywssible to obtain the flavour in the case 
of inferior wines by the use of ynire cultures of micro- 
organisms, obtained from high-class vintages. 

It is stated by some observers that yeast from one 
district will y)rodnce a w'ine with the bouquet 
characteristic of that district in a must from a 
different source. Pasteurisation and sy)ecial cultures 
are also emy^loyed to effect artificial ageing. 

Uy) to now we have confined ourselves to the 
consideration of natural wines, but, in practice, 
other substances are employed in the course of 
imuiufacture. Thus, sugar is added before fermenta- 
tion if less than 20 y)er cent, be y^resent in the must. 
It is also necessary to reduce the amount of acid to 
2 y>er cent, by dilution and addition of sugar. 

Cheap and Unfermented Wines. 
Much cheap wine is made by covering the marc 
with a solution of sugar containing 18 grammes to 
every litre for every 1 y)er cent, of alcohol required, 
nnd 250 grammes of marc are taken for every litre. 
After fermentation, the liquor is drained from the 
marc, and treated as already described. I-iarge 
quantities of fictitious wines are preymred from dry 
raisins imy)orted into this country and into France. 

Wines containing alcohol are subjected to a duty 
when imported into this country, but unfermented 
grape juice is free of duty. A case arose in 
Slay, 11K)6, w^hcre, by the addition of a substance to 
the must, fernit^ntation was retarded for some days, 
permitting the importation of the must into this coun- 
try, after which it was allowed to ferment, so that the 
wine obtained from it could be sold free of duty, the 
Revenue being thereby defrauded. It is stated that 
nearly 800,000 gals, of unfermented grape juice are 
imyx)rted annually into Great Britain, a large pro- 
yiortion of which is fermented and made into wine 
without payment of duty. Should this practice 
grow, which is quite likely from its profitable nature, 
it will be necessary to devise some means of dealing 
with the question. Unfermented wines ore, however, 
sold for temperance purposes and for sacramental 
use. They consist mostly of unfermented fruit juice, 
HW’cetened with saccharin, and preserved with 
salicylic or boric acids. 
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Composition and Analysis. The com- 
position of the different classes of wines varies con- 
siderably. Many wines, such as port, are fortified 
by the addition of alcohol, for natural wines never 
contain more than from C per cent, to 12 per cent. 

Below we give results, from 
various soun es, obtained from 
analyses of the commoner varie- 
ties of wines. 

Analyses are made for the pur- 
pose of determining the purity 
and detecting adulterants. 

Sugar, as well as alcohol, is 
sometimes added to w'ines. The 
colouring matter must be 
examined to see if some artifi- 
cial colouring matter has been 

addei Preaervativea sliould ^ (Lumley & Co.. Ltd.) covered, to pro^t them from 

tested for and sulphuric acid the ram, until they attam the 

estimated to see whe^er calcium sulphate has been right degree of maturity. The best cider is made 



consists of glucose, the most important natural 
sugar present in the wine. 

Cider. British wines is a term applied to 
beverages made in the manner of wine from sub- 
stances other than the juice of fresh grapes. The 
most important is cider, the 
best of which is made from 
astringent apples, social varie- 
ties being cultivated, which are 
suited only for this purpose. A 
good strong soil is recjuired for 
growing the fruit, which should 
oe regularly manm-ed with phos- 
phates, potassium salts, and 
charcoal dust [see Manures]. 
When gathered, the apples are 
placed in heaps, preferably 


addeil {plastering). For this purpose a number of 
determinations are made, including specific gravity, 
total extract, fixed and volatile acids, tartaric acid, 
and percentage of alcohol. 


COJSWJSITION OF WINKS 


= 
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; S*8 , 2-3 i — ! 0*20 I 0*04 — , — — 

17*2 4*2 ! 2*5 i 0*40 0*02 ! 0*27 0*15 * 0*18 

18*5 7*5 ! 4*3 0*30 | 0*05 : 0*31 0*08 ! 0*22 


The determination of these figures does not 
present any s^wcial difficulty. The total extract 
is obtained by drying down a definite quantity of 
wine : volatile acid, by evaporating down once or 
twice with water and then titrating the residue; the 
difference between this 
and the total acid, also ol>- 
tained by titration, gives 
the fixed acid. The per- 
centage of alcohol is 
obtained by diluting 50 c.c. 
of wine with its own vol- 
ume of water, and dis- 
tilling. The distillate is 
made up to a known 
volume, and the alcohol 
it contains estimated by 
taking tlie gravity, as in 
the case of l>eer and s}>irit>t. 

Sugar i.s determined by 
means of Fehling’s solu- 
tion, while the polarimeter 
also yields useful informa- 
tion. There arc generally 
fairly well defined rela- 
tions between the pro- 
fiortions of these different 
constituents, and if the 
iigmes do not corre»|x)nd. 

^ ^ STEAM POWER CIDER MILL (Workiaan & 

Fictitious wines are generally deficient in extract, 
although sometimes common salt is added to make 
up for this deficiency. The detection of added 
sugar is a very difficult matter, as it frequently 



from a judicious mixture of the different varieties ; 
unsound fruit should be rejected. 

Pulping and Pressing Apples. The older 
forms of mechanism for reducing apples to pul}) 
W'ere of a very }>rimitivo character. The a})})lcs 
were either mashed with a }M<!stle in a ti'ough 
or else placed in a cylinder yirovided with 
projecting B}iikes, in which revolved a drum, 
similarly fitted with spikes, and worked by 
horse. In the more modern plan [2] the fruit i.s 
passed between wooden or stone rollers geared to 
different speeds. After mashing, the juice may be 
at once pressed out, as is generally the custom 
in this country, or the mashed pulp may be first 
allowed to undergo a certain amount of fer- 
mentation. When fermenting the juice itself the 
temperature should not rise above 40® F. The 
change })roceed8 ra))id]y, with much frothing ; piu:- 
ticles of fibrous material are carried to the surface 
by the bubbles of gas, but 
towards the end of the 
operation the solid particles 
settle to the bottom, leav- 
ing the liquid clear. It is 
immediately drawn off inU) 
fresh ctvsks, where it iiiuler- 
goes a second fermenta- 
tion. It is essential that 
the liquor, before fermenta- 
tion. should he sutriciently 
rich in sugar, as, unless 
enough alcohol is formed 
in the first fcriucntation 
the sextondary treatment 
does not proceed regu- 
larly, and acetic or lactic 
fermentation may set in, 
producing a ilat-bisting. 
acid liquor. Sometimes 
fresh hops arc added, as 
the tannin precipitates the 
albuminous matter. No 
doubt. 


plant would result in great 
im movement in the development of the aroma 
and flavour, as in the case of wines, (iood cider 
contains from 8 per cent to 10 per cent, of alcohol 
and fr<nn 2 per cent to 3 per cent of sugar. 


Wines and Ciders concluded; foUowed hy Mineral Waters 
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BAND-SAWS & SAW BENCHES 

Band Re -saws. Cross-cut Saws. Portable 
Benches. Special Saws. Band-saws. Fret-saws 



By FRED HORNER 


Band Re«saW8* Band>Raws for re-sawing 
Are not quite so handy as the circular saws for 
general work, b\it they are }X)pular in many cases 
on account of the thinness of the blade and the 
minimum of waste incurred in cutting. It is not a 
difficult matter to tit a self-acting fe(^ to a band- 
saw table. In a few types a short rack- 0 |}crated 
slide is placed on top of the table, to traverse the 
stuff, but the majority of machines use friction 
rollers, either one set, proiK^lling the wood in 

contact with a fence, or a double 
set, both of which roll against 
the timber. An example of 
American practice is sho^^^l in 37 , 
a Clement band re-saw (the Ameri- 
can Wood Working Machinery Com- | 

pany), having hl-in. wheels, the I 

lower one being out of sight in the I ; 1 

])hotogray)h. The u]>]K?r sjundlo ' 1 ’ 

is fitted in swivel l)earings to align 1 i 

automatically. The pulleys arc 1 i * 

drawn a])art and the saw kept in j i 

constant tension by a balance j 1 

w(*ight, whi(‘h can be varied to suit 
the blade and the work it hrs to do. HIByjllS 
The f(‘ed works are driven at vary- 
iiig rates by belts and adjustable 
expansion cones, which a^lmit of 
rate's from 14 ft. to 120 ft. jhm* 

minute. The movement is com- 

municated to the rollers by spur pfnditiit] 

gears and worm gears running in ^ ^ 

oil. Six feed rolls are used, three 
on e/ich side of the saw^ ; the right-hand ones 
are rigid in their bearings, but the left-hand set are 
clastic, to accommodate themselves to uneven stuff 
and so obtain a firm grip. The two sets may be used 
in a self-centring manner to sydit timber down the 
centre, or the right-hand set 

can 1 ki fixed rigidly to cut to | — — 

one skit*. Roller guides are 
fitted above and below, to 
su])port the blade clo.se to the , 
w'ood, the uyqwr guide lieing ' 
adjustable, to suit the differing ^ 
thicknesses of stuff T|)assed | 

thrtmgh. Two horizontal 
rollers HupiX)rt the bottom of | 
the timber as it y>asses through 
the rolls. The greatest height 
of stuff which (ran be ])asstHl 
through is 30 in., and the 
width 20 in. 

A ffince and radial arm 
rolhrr-feed is often ymt on 
band-saw tables, the action 
being then similar to that of i 
the roller - feed circular - saw 
bench described on page 6145. 

On what are termed com- 
bination rnarMnes the fence r'*! 

and feeding arrangements are 
removable, to leave the table 
free for ordinary work, this 87 . A fi4-iN. 


86 PE^^DULUM CROSS-CUT SAW 


87 . A fi4-IN. BAND RE-SAW 


type lieing useful in shops which cannot find 
sufficient work fully to occupy the automatic feed 
devices. 

Cro88«cut Saws. Before taking up the study 
of other classes of band and circular saws for 
kinds of work different from re-sawing proper, we 
have to note the cross-cut saws, which arc employed 
for parting off deals, planks, boards, etc., to definite 
lengths. A good deal of this work is of a repetition 
character, esy)ccially for box -making and joinery, 
and means are provid(Kl for cutting 
numerous pieces to gauged lengths 
by the employment of fences or 
^ guides, or by putting two or more 

saws side by side to cut off the 
rnfm ‘ 5 ends accurately. The pendulum 

||M ^ I saw [ 36 ] (John McDow’all & Sons, 

H B I Johnstone) is a yjattern that is 

H very commonly used, because of its 

■ . cheapness, handiness, and the small 

■I i sy)ace which it occuy^ies. Jt com- 

H ]>rises a rigid frame swinging in 

trunnion i)earings on braerkets 
attached to the roof or the wall, 
jmyHHjl and carrying pull(*ys which are 

belted down to the saw s})indle at 
I'll""** the bottom : the saw can, there- 

fore, be swung to and fyo by pulling 
at a handle in the front, while a 
counterbalance, on levers at tin 

■RO«S rtTT<i.iv 

KUSb UUT SAW the latter backwards automatically 
on letting go the handle, so keep- 
ing the saw out of the way until it is required. 
The syundle is started and stoy>y)ed by shifting the 
belt on the fast and loose y)ulleys at the top shaft. 
The stuff to be y)artcKl is suy>j)orted on the s|,)ecial 
bench seen in the illustration, a gay> being cut 
through where the saw swings 

1 across. The bench may l)C 

constructed of any length 
re(iuired. For cutting yheces 
to uniform lengths there is 
provided an adjustable A-topper 
that can be clamy>ed in any 
longitudinal yK)aition, for the 
end of the timber to butt 
against, and so locate it accu- 
rately. To save lining off 
the lengths of timber ja-evious 
' to cutting various pieces, it is 
sometimes the practice to fit 
a metal rule w’ith clamp 
stoyxs, so that accurate sub- 
divisions of the inch can be 
I made by the sawyer. The 

largest saws used in these 
yiendulum machines usually 
^ range up to 36 in., capable of 
working to 12 in, deep, but 
j in a few instances saws up to 

.. J 60 in. are employed for heavy 

work, including small logs. A 
kND RE-SAW guai*d is always fitted over the 
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upper portion of the Si\w, as a protection against 
injury to the attendant. 

Sliding Table Cross-cut Saw, The 

pendulum saw is esjjecially liandy for long or heavy 
pieces of wood, as they remain stationary. But 
when the length and w’eight of a piece XH'rmits, 
one of the several special cross- 
cut benches can be brought 
into use. The object is to 
traverse the timber across 
against the saw' teeth, this 
being effected generally bv a 
table running by rollers u]>on 
rails. Figure 39 shows one of 
Me ssrs. Robinson's beneh^^s of 
this pattern, which has the 
table of w'ood placed to the 
right of the circular saw and 
pulled to and fro by hand, as 
it runs with small V- wheels 
upon rails carried out to the 
front a sufficient distance. An 83. SAW BKNCH, 
adjustable gauge, fitted to a FALUNi 

bar at the front left-hand side 
of the saw, provides for rej^etition sawing. The 
machine takes saws of 20 in. duvmeter, capable of 
rutting stuff up to G in. thick and 18 in. wide. 
The spindle is made to rise and fall in some of 
these machines. Double, or equalising saws, which 
trim off the tw'o ends of a piece simultimeously, 
comprise a table travelling ^ 
alK)ve a l)ed on which two 
headstooks are .set in any de- 
sired position, to give variable 
w'idths. As the stuff is drawn 
over on the table the saws 
part it off at both ends simul- 
taneously. Lengths from about f 
4 in. up to several feet are 
handled on these machines. 

Multiple Cross « cut 
Saws. saw machines 

are pimeipally of two classes. 39. sUDlii j tai 
In one a number of saws are 
set side by side to the recjuired distance to part off 
a length of stuff into several pieces, such as paving 
blocks, the movement of the saws or of tlie wood 
carriage being continuous, so that at each stroke 
a piece of wood is completely cut up. Sometimes 
the saws are of differing diameters, grfvdually 
getting smaller, so that the 
work of sawing is gradual, 
and doc^s not ])ut so much 
strain < n as though all the 
blades ]K*netrated simultan- 
eously. As many as 30,000 
paving blocks can be sawn 
out in one day on these 
machines. In the other clas.^ 
of machine several saws are 
Nt't in a long talile, at differ- 
ing distances apart, in order 
that stuff may be cut to 
various lengths, the pairs of 
saws iKMiig set in lulvauce of 
each other, or, alternatively, 40. SAW SlIlfCH, 
sets may be caused to dis- FALUS 

a|>pear below the table, leaving 
only those standing up which are requnred. The 
travelling tables are abolished in certain desigiis, 
and their functions performed by endless chains, 
having dogs which engage in the skies of the 
tiiriber, and push it against the saws. These 
lumber trimmers, as they are termed in American 
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38. SAW BENCH, WITH RISING AND 
FALUNG SPINDLE 



39. SUDIN J TABLE C'ROSS-CUT SAW' 


40. SAW SENCH, WITH RISING AND 
FALUNG TABLB 


practice, are built up with timber framings, 
forming a cheap and satisfactory construction. 
Pieces up to 20 ft. or more can bo dealt with. 

The pendulum princfple, already noted in con- 
nection with a suspended saw, is applied to benches, 
notably for cutting up ])aving blocks and similar 
work. The saw spindle runs 
in bearings at the end of a 
swinging arm, on l,he central 
pivot-shaft of which the ch iving 
pulley is mounted. The saw 
with its arm is pulled over by 
a hand or foot lever, or auto- 
matically by a crank-rod, to 
pass between the ot>ening of 
an inclined fence, against which 
the timber is laid. The auto- 
matic crank-driven machines 
are, of course, the quickest in 
operation, and w'ill cut the stuff 
as fast as a man can au})ply it. 
riTH RISING AND One particular design of 

SPINDLE bench, whicli differs from those 

already described, is iiiKmded 
to deal with heavy planks and scantlings that 
are too heavy to be conveniently handled about 
and fed to a saw. The timbc'r is laid u])on a 
fixed table, and cut by a circular saw projecting 
up through a slot thert‘in, the spindle running in 
bearings that can l>e fed longitudinally on a sub- 

sidiary l>ed. 'Phe foregoing 

machines for re-sawing and 
cutting off prej)are the stuff 
for further treatment (when 
required) on other kinds of 
saws, which we shall now 
deal with. 

Plain Benchea. The 

lighter types of circular and 
band saws, which are not 
fitted with mechanical feeds, 
ap}.)ear in sevek*al forms, 
E CTIOSS-CUT SAW' modified variously to suit the 
cla8Hi\s of work they have to 
do. The plain circular saw benclies resemble those 
in 33, 34» and 35 [pages and (>14GJ. hut without 
the sj^eial attachments required for feeding, the 
only fitting being a fence, which is adjustable to 
and from the saw. The usual method of attaching 
the fence is by means of a circular ste<‘l bar at the 
end of tlie table, enabling 
lateral adjustments to be 
made, or, if lunrcssaiy, the 
fence can be thrown back 
out of the way, leaving the 
tabU; quite clear for ciws- 
(;iitting. Tlu‘ fence 
has a fcuce-plale bolted to its 
front face, whicli can be 
moved to and fro as desired 
to suit saws of smaller or 
larger diameter. For bevel 
cutting, a (junting movement 
lias to lie provided for the 
fence. The larger machines 
FTH RISING AND have rollers placed at eat^h 
TARLB the table, similarly 

to 36 [page G14GJ, to assist 
in the easy handling of heavy pieces. 

Portable BenchM. Portable saw lienches, 
mounted on four trolley wheels,, are used by shii)- 
huilders and contractors, the machines being run 
to any locality where they are wanted, instead of 
transporting the timbers to the saw. An electric 
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motor drives the spindle direct, and the table is sc 
swivelled upon a turntable, to present the saw at ei 
any horizontal angle to the work, instead of shifting 
the latter. The limits of dimensions in these machines tl 

usually range up to about 4 ft. by 3 ft. 8 in. tables. ci 

Wood Framings. A difference in the framing oi 

and the table is nn\de in many 

benches, especially American, 
wood being employed- instead 

of cast iron. The uprights 1 

and horizontals are mortised 
and bolted together, like a ^ , ft 

work bench, and the ttible is 
built of a number of narrow t 

strips of different woods, J 

glued together, and fastened •, ^ ^ 

to cross-girts, so that warping . v ^ . 

or splitting is impossible. Or ' ; V' ^ ^ T ' 
the framing is of cast 

iron, and the Uible only con- ^ 
stnicted with strips. 

Rising and Falling 
Types. The range of the ' I ^B3 

plain benches is rather limited, 
and other types are therefore 
for 

cs{K‘cially 

with rising and falling spindle, 
the spindle may be moved 

upwards or downwards in 41. 30-lN. BAND-SAWINO MACHINE 
relation to t)ie table ; in the 

other the movement is imparted to the table. u 

The object in each case is to vary the depth of t< 

cut, so that the machines are adapted for grooving, n 

tongiiing, rebating, beading, and tenoning, by sf 

fitting special saws, or cutter blocks to the spindle. s^ 

The sjiws are either thick for grooving, or drunken 
for grooving and tenoning. These tools will be dc- b< 

stTiljed later, togethcT with the 

c 11 iter- hefuls employed. Figure 88 
rcfiresents one of Messrs. Robin- \ T . 

son’s rising spindle benches. The 
bearings for the spindle are carried \ V' 

on a sliding bracket, which is ver- ’ \ V 

tically adjustable, by turning the 
hand wheel seen at the front. 4ft 

A boring apparatus is sometimes 
added to these machines, by 
fitting an auger in the end of the j 

spindle, and attac^hing a sliding .1 A 

table to a bracket standing out . ' ' . J 1 
from the side of the frame. The — T \ ' i ' J 

objection to altering the spindle 
height is that the lielt-driving 
arrangements arc complicated by . 

the variations, and the rising NV \ 
and falling table machines are, , 
therefore, preferred. The only , 
disadvantage jiosseHscd b^ them ’ | 

is that the differing height of v I 

the table is sometimes apt to 
become awkward to the sawyer, 
but there is not much weight in 
this objection. There are two 
devic^es employed for operating 
the tables — racks and screws. 

The latter are better for the 42. FBBT-SAW1N( 
purpose, and are used in the 
majority of machines. The appearance of a € 

rising table bench is shown in 40 (Robinson), fi 
the adjustment being effected by the hand f 

wheel at the right-hand end, operating bevel t 
gears connecting to tw’o vortical square- threaded i 


42. FBBT-SAWING MACHINE 


screws which cause the table to move by means of 
extensions in gibbed guide ways. 

A groove is sometimes planed longitudinally in 
the tables to take a sliding fence, for use in cross- 
cutting, the fence lying at right angles to the main 
one ; mitre cutting can be done by attaching a 
supplementary mitre fence. 
The lighter chisses of rising- 
tabic machines are constmeted 
with a narrow pillar or column, 
\ instead of the spread-out cast- 

ing seen in previous illustra- 

Dimension Saws. The 

dimension or two-spindlc saws 
are designed for both ripping 
cross-cutting, and have 
CV ' J^^ft *: two saws sharpened for cutting 

with and across the grain 
respectively. The spindles 
. run in bearings at the opposite 
ends of u strong arm, pivoted 
about its centre in order that 
either of the saw^s may be 
brought up to the top ready 
for action, a hand wheel accom- 
plishing this movement. The 
drive to the spindles 
rangecl so that the saw 

is thrown out of afstion. The 
WING MACHINE Special value of the dimension 
saws lies in re))etition work, 
where large numbers of pieces have to be sawn 
to uniform sizes, as in cabinet work, i>attern 
making, par<pietry w^ork, etc. Angular and bevel 
sawing is rcfulily clone by the aid of the canting and 
swivelling fence. 

Universal Benches. Universal saw- 
benches embody the two-spindle arrangement, 
together with a tilting motion ot 
H. ''I the table, to present the stuff 

I angularly in relation to the saw. 

■ * . ./ • Several auxiliary fittings, ns 

■ * y gauges and angular fences, are 

K y provided, so that every class of 

ft / sawing (ran be done, to build up 

ft / intricate framings accurately. 

ft / Band-saws. The band-saw' 

ft y machines are particularly useful 

ft / for general sawing which includes 

md curved work, because they can 

ft , i, tackle sweeps for wiiich the 

\ circular saw is useless. The chief 
drawback is the trouble caused by 
: brealuiges of saw's, though this in 
many cases is avoidable if care is 
ft exercised. 

ft Figure 41 gives a good idea of 

ft the general upjKjarance ot a typical 

I * machine, and 43 shows the same 

I in side and front elevations, the 

ft example being from the practice 

of Messrs. Thomas White & Sons, 
Paisley. The saw pulleys are of 
30 in. diameter and make 400 
revolutions per minute. The 
framing A is of box section, 
HG MACHINE cored out, which affords a very 

stiff form, able to resist the 
effects of vibration at the high speed neces- 
sary. The cast-iron pulleys B, C have no 
finnges, and are rubber tyr^ to avoid dama^ 
tiO the saw teeth, and the top wheel G is 
mounted on a spindle which runs in a hinged 
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bearing, that can be tilted to make the saw^ run on 
any part of the pulley. The hand wheel D operates 
a screw which slides the bearing of the wheel C 
up or down to suit the length of saw, and a constant 
tension is maintained afterwards by the coiled 
spring at the top. A balance weight and lever is 
fitted in some machines instead of a spring. The 
belt drives to the fast and loose pulleys at K, and is 
shifted across to start or stop the machine by the 
forks and hand lever ptissing through the frame. 
F is the table, constnictod with an extension to 
cover over the pulley B and prevent pieces of wood 
from falling on it. The table is tilted or canted 
for angular sawing by turning the hand wheel G, 
which rotates a worm engaging in a worm segment 
on a quadrant bolted to the table, and taming the 
latter upon its pivot. The saw passes through a 
timber casing at H, and through a guide at J. 
The latter is an itniKMtant feature, as it has to 
receive the backward thrust of the saw. and must do 


A speciaJ doss of band^sawi^ machiue, used 
chiefly by shipbuilders, coochbuildors, and others 
who ^ve to cut out heavy ribs and bevelled pieces, 
is constructed with the top pulley to cant over 
bodily along with the upper part oi the frame, so 
that the saw lies at an angle to the table. The 
latter remains horizontal, a fact which renders the 
handling of heavy pieces of timber much easier 
than as though they had to be moved about on a 
sloping table. 

A fence is fitted to the tables of band-saws when 
wanted, to guide straight stuff past the saw, other- 
wise the operator must work to a 8cril)ed line on 
the timber, os in sawing curves. Corubinatiou 
machines, embodying both uircular and band-saws, 
are designed chiefly for small works which either 
cannot afford or cannot spare space for two separate 
machines. The band-saw framing is built on the 
end of the saw bench. The smallest machines are 
hand-driven. 


this without umlue friction, or heating and crystal- 
lisation will occur, resulting in breakage of the saw. 
Bolling contact is the ]>ro|ier method, and there 
are several designs of guides in use. .fackson's, 
which is fitted 

to the ma- J 

chine ilhis* ' 

trated, em- I 

bodies a W W \ 

revolving f -1 

dis«r, mounted ' 

on a spindle. ^ --J 

and runiimg \ 

by its Iwiek \ 

edge upon j'j -^11 \ 

aringof ^ 

hardened // . ’\ 

steel balls. // |lf« ; 

The back 1 1 l!' | 

the saw bears 

across a good w / 

portion of the . ^ z 

face of the ' ~ / 

disc, and the / 

latter runs i ■[ 

with perfect 1 

freedom. The \ if \ 

blade is con- \ jf \ 

fined side- / >11 , \ 

ways bet wt!cn 4 


43 . 30-in. BAND-SAWINO MACinNE 


Fret or Jig or Scroll Saws. These have 
but a limited seo]ie, and are used for internal 
cutting and scroll work which a band-saw coiild not 
manage, as the fret-saw blade can be disconnected 

and pa8.scd 

S through a hole 

in the piece 

^ to cut out a 

!; rf j]Fj central piir- 

M' ■ 

t — ' mechanism is 

I simple, com- 

'' 4 - prising a small 

Uy-T-r r* crank-disc 

*T " t 1 ! ' driven at a 

I umA high speed, 

, working a con- 
i'. necting rod 

' : wliich rocipro- 

C: V,‘ ^ ~'~r" - i," . cates the si\w- 

- ri jtirj blade, gripped 

in sliding 
*1 • holders jibove 
pJLt-.J-, 'i and below a 

table. The 

E y 'ij M rate of work- 

j‘ ’’i about 

^ j I ;/ I l.OtK) strokes 

j / • ! per minute. 

jL ■ . Jkii There are two 

WING MACinNE f X P e S of 

machine ; one 


adjustable for width of ofxjuing. The guide 
is brought down as close as possible to the 
stuff being sawn, and is, therefore, held in a 
vertical bar passing a socket in the frame A, in 
which it is claiiqxjd in any position by a hand 
screw. The bar is counterbalanced by a rope and 
weight to prevent it from dropping when the hand 
screw is loosened. 

The saw passes through hardwood strips let 
into the table, and a roUry guide is also often 
fitted below the table, though in some instances 
nothing but wood guides are employed. The 
lower saw pulley is in many mazjhines provided 
with a little bnisii, which is a considerable advan- 
tage, keeping the pulleys clear of sawdust^ etc. 


has a curved cast-iron framing reaching round the 
table and up to the top holder, the framing, there- 
fore, preventing very large work from being 
placed in iiosition. In the other tyjx?, a snsfiemlefl 
tension head of wood is used, consisting of a vertical 
beam attached to the ceiling, and strained tightly 
by thnje tie-rods, put in tension, by nuts on right 
and left-hand screws [see 42 ]. The entire space 
around the table is free, and work of any area 
can be put on. In the miichine illustrated, tension 
is given to the saw by means of a couple of spiral 
springs, which constantly maintain an oven pull. 
A b^ng attachment is shown alongside the 
framing, to prepare work by making holes where 
they are necessary to insert the saw. 


Continued 
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supremacy of British shipping is due princi- 

^ pally to the efficient working of its commercial 
side. Nearly one out of every two merchant ships 
afloat is under the Red Ensign, and this becaiiise 
shipping in this country is a highly organised com- 
mercial business, free in its working from control of 
any Government dcjiartment. Subjected as it is to 
free coinpc^tition of home and foreign rivals, every 
improvement in steam navigation has been eagerly 
taken advantage of, and every economical device 
to save fuel or the exjjenses of working a ship is 
tried, and, if effective, adopter! by the British ship- 
owner. 

Management. Each of the large shipping 
companies has its own method of management, which 
has been evolved by its directors and managera 
from their exjwrience and knowledge of the par- 
ticular requirements of the services their vessels 
]>erforin. 

In the case of a large limited liability coin}»any, 
such as the })rincif>al liners belong to, there are, of 
course, the directors elected by the shareholders, 
and a manager or secretary ap|K)inted by the 
directors. In the case of privately owned firms, 
there are one or more managing partners, who 
look after the business. The directors or part- 
ners deckle the general policy and the particular 
trades on wliich their vessels run ; they fix rat^es 
of freight and passage money, sometimes in con- 
ference with other shipowners, more frequently 
in rivalry witli them, and in deciding these matters 
the directors have available their managers or 
other exiHTts, who are usually the heads of de- 
partments. 

As methods of management vary, so does 
organisation : hut, generally H}>eaking, in the larger 
companies, at any rate, it would be somewhat 
as follows. First would eome the manager or 
secretary — in some eases there are l)oth — who, 
subject to the directors, is in chn-ge of the whole 
business, and under whom eome the heads of 
the various departments, who ref»ort to the 
manager and take their orders from him. The 
various dejiartineiits, generally s{Kmking, would lie 
as follow. 

Accounts and Statistics Department. 

This department is usually under charge of an 
accountant well versed in shipping matters, and 
is one of the most im|)ortant branches. All the 
bookkeeping is done here. Voyage accounts are 
compiled, profit "and loss sheets made up, statistics 
of all sorts brought out, and generally everything 
|M?rtaining to figures and working costs are fur- 
nished at call from this department. 

The shipowner of to-day can quote an intending 
charterer with a rate for his steamer at once by 
referring to his accounts department, and if he pro- 
poses to send his steamer on a particular voyage out- 
side the ordinary run, he calls for and is furnished 
with a pro forma voyage account, which puts before 
him the probable voyage ex])enses ana earnings, 
and ho quotes his rates accordingly. An accoiiiit 


of this kind would be drawn out something as 
under. 

PRO FORMA VOYAGE ACCOUNT 

B.s. tons gross nett 

Voyage from to days speed — knots. 


DISBURSKMEXTS 
Wages t>i crew — days (fi> 

£ -£ 

Port and light dues . . — £ 

Victualling — days (a^ — 

Loading and disctmrging 
— tons (oi 

Coal — iHjr day — total tons 

(«' — 

I)ei»recmtion on £ {a'> j)er 

cent 

Insurant on £ (gj, percent. 
Deck stores 

Engine stores . . ~_r 

Repairs and sundries 
Commission account 


EARNINGS 
In this column would 
appear the estimated oaru- 
iiigs worked out us so 
many tons at the rates to 
be quoted. 


Total £ Total £ 

Estimated profit on the voyage = £ 

Kate per ton i)t*r montli £ 


Of course, for steamers going through the »Siiez 
Canal the canal dues would appear as a big item 
on the disbursement »kle. The department has 
records showing the port dues, loading and 
discharging rates, and cost of coal at practically 
every commercial jK>rt. The depreciation and 
insurance are calculateil on the l>ook value of the 
steamer, and the average cost of many voyages 
gives the figures for deck and engine stores and 
repairs. In this department a practical knowledge 
of bookkeeping, of e.xt'hanges and figures generally, 
arc necessary. 

Marine and Engineering Department 

In small companies owning up to, say, half a dozen 
small steamers, or of one or two steamer companies, 
the inastcrs and chief engineers of the vessels discuss 
with the owner the repairs, etc., required, and 
tenders for these are called for, and, as a rule, go to 
the cheapest offerer. Every big line, however, has 
a marine superintendent and a suiHTin tendon t 
engineer ( usually one of the most efficient and trusted 
commanders and chief engineers selected and taken 
ashore on the staff for the pur].)08e), and they are 
res[>oiisible fojr all technical details connected with 
the deck and enguie-room departments. In their 
hands, too, are left the selection and appointment of 
officers and engineers, as well as the promotion and 
transfer of the marine and engineering staffs. All 
questions of repairs, alterations, and so forth are 
dealt with in this dei>artment, and in the case of 
new vessels these officials give to the directors and 
managers the benefit of their technical advice. 

These experts report on new inventions, and 
recommend their adoption or otherwise. When a new 
patent is adopted, close olwervation and record is 
made of its efficiency, and this department looks 
after all such records. The logs of the various 
steamers are entered up, their mileage and speed 
tabulated, their roal and oil consumption noted, 
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and in the case of excess over the usual average the 
captain and chief engineer are called on to explain 
the reason. In this way a check is kept on coal 
and oil expenditure, and careful and efficient marine 
and engineering superintendents mean much in the 
economical working of a big line. Besides the 
superintendents, the staff in this department is 
usually made up of one or more draughtsmen, an 
electrician, two or three junior clerks, and a few 
typewriters. 

The young man entered in this department should 
apply himself to obtaining an accurate knowlc<lge 
of the technical names of the different parts of a 
ship and her machinery. 

Coal and Stores Department. On an 

estimate ])rei)ared for the year, this department 
will call for prices from contractors on their 
“ suppliers list/’ and make contracts for the stores 
and coal required for the period fixed, usually six 
months to a year. In the stores department will be 
found samples of all the innumerable articles required 
by a modern ship, such as cordage, manilla and wire 
ro[)es, oils and paints, canvas, ironmonger^’, Iaini[)K, 
electro])late, cutlery, earthenware and glass, napciy 
and linen, etc. These sam]»les are carefully com- 
pared with the goods delivered by the various 
contractors, and any departure from sample is 
brought at once to th<‘ notice of the offending party. 

When an indent," as it is usually termed, mean- 
ing a requisition for stores sent in by the deck and 
engine dc[»artments, has been passed by the suj>er- 
intendent concerned, it is sent to the store.s dc])art- 
inent. Here it is dissected, and orders sent for the 
stores indented to the various contractors. 

A few junior clerks suffice for the work here, 
which is mostly routine, sending out orders and 
carefully checking suppliers’ invoices with the ships’ 
rw.*ei})ts and contracts. The res|)onsible official in 
charge of this department is known generally as 
“ the ship’s husband,” a happy description indeed. 

Victualling Department. In close con- 
nection w'ith the stores department is the victualling 
department. In some companies, in fact, they are 
one, and the stores do the victualling work as well. 
The shore purser or superintending steward is in 
charge here. 

Into this department comes the indents from the 
chief 8teward.s of the various steamers, giving their 
requirements for ])rovisions, meat, wines, etc., for 
the n<*xt voyage. These requirements are based, of 
course, on the number of passengers to be carried 
and on the length of the voyage. Striking figures have 
been published of the huge piles of perishable stores, 
of the mountains of bread, fish, fowls, meat, hams, 
eggs, and so forth, consumed on a voyage of one of 
the Atlantic greyhounds, but such statistics scarcely 
come within the scope of this article. 

Regular and careful accounts are kept, and on 
the averages a daily victualling scale is fixed to 
which chief stewards have to conform. The picking 
and selection of the chief .stewards is in the hands 
of the shore chief, and a good and careful chief 
ashore is usually reflected in the work of the men 
afloat. 

General and Correspondence Depart* 
ment. This department has usually at its head 
the general manager or staTetary. In the case of 
firms owning a few steamers it is run directly, very 
often, by the partners themselves. The staff is 
usually the largest in a shipping office, as all the 
general routine work of an oidinary busini^ss office 
is dealt with here. Here, also, is the cash depart* 
ment presided ovej* by the cashier. 
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Passengers are booked, passage tickets issued, and 
inquiries answered. Sailing and advertisement cards 
usually adorn the walls, and cabin plans of the com- 
pany’s steamers lie on the counters. 

The young man entering a shipping office usually 
begins here, being drafted to other departments 
later for experience, or according to his aptitude. 
He starts, as a rule, by copying letters and doou- 
ments and fetching and carrying for his seniors. 
A knowledge of shorthand should bo possessed by 
every youth, and if he is able to use a ty]>ewriter 
so much the better. Ty|X^writers, how’cver, are 
usually engaged as such and kept to that work. 
There is a call also for a kiiow’ledge of languages, 
particularly French and German, and ea)>ecially 
German, for the German is found running practically 
everywhere now, cnbiiling correspondence regarding 
freights, passengers, and general interests. 

Freight and Bills of Lading. This de- 
partment looks after the engagement of freight, etc., 
and is usually divided into export and import sides. 
Til#" ex|>ort issues bills of lading for gooas shipped 
from the home ports abroad, while the imjiort 
de])a.rtinent deals with the manifests and bills of 
lading for cargoes coming into the home yiorts. 

In these days of keen competition the shipowner 
has to hustle to secure his freights. He does not 
wait for the shipper to come to him. but looks after 
the sbijqier. In London a represent a tivi* of this 
department will be a member of the “ Baltic.” In 
Liveiqiool and Glasgow business is done on tlui 
“Exchange,” and in Newcastle on the “ t^unyside,’* 
as the shipping exchange there is calUnl locally. 
The Baltic ” in l.^ndon is a palatial edifice in 
iSt. Mary Axe, re]>lete w ith all comforts for its clients, 
and this may be termed the hub of the freight market 
in London. Here shippers and shijiownerH have 
full information as to freights and rates, and here 
they do their deals. 

The fi^ight department watches the trade journals, 
notes all big orders ])laced for railway materials 
for abroad, and then puts freights forward to the 
tiriiis concerned. Here the early bird often catches 
the freight worm, and canvassers with a keen 
eye for busine.ss and an attractive manner are 
invaluable 

The freight lading cngagorl, arrangements an^ 
made for shipment by a particular steamer. It is 
sent alongside by rail or barge, as is cheaiHist or most 
convenient, and is at the ship’s risk from the time it 
leaves the (juay wall or barge till clear of the ship’s 
tackle when landed at the port of destination. 
As cargo comes on board, it is “tallied” — that is, a 
note is taken of the cargo, whether it is case, j)uckage, 
etc., and the “ mark/ A receipt is given, and this 
receipt, being presented to the freight department 
along with a bill of lading (which is usually in tripli- 
cate), is signed by the dej)artment “ for the master,” 
and it is then the merchant's title to the goods 
described. Only on production of this bill of lading, 
or an indemnity freeing the shipowner of all lia- 
bility, will the goods be aelivered to the consignee. 

Particular trades, such as the Black Sea. Medi- 
terranean, etc., have their own particular form of 
bill of lading, and most of the large companies have 
also a N}j€^cial form bearing their house flag or dis- 
tinguishing emblem. 

The Bill of Lading, The bill of lading 
gives the names of the shipper and the consignee, 
the name of the steamer and master, the yiort 
of shipment and the destination, the number 
of pacKagOB, and the date. On the margin is 
detailed the number of packages, their contents, 
and marks. Freight is payable on delivery of the 
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hill of lading “ ship lost or not lost,” and a recital 
ia given of all the liabilities from which the ship- 
owner frees himself, including ” the act of God, the 
King's enemies, robbers by land and sea, restraint of 
princes, rulers, or people ; and such commonplace 
things as ” strikes or stoppages of labour.” 

The shipowner has a lien on goods shipped for his 
freight. He is held res|>onBible for loss or damage 
or short delivery, provided he has granted a ” clean ” 
bill of lading — this is a B/L without Jiny remark as 
to the cargo being damag^ or in had condition. 

All packj\geR, as a rule, bear a mark, not an 
address, and all large shipj^ers have their own par- 
ticular mark, many of them well known in ti-ado to 
the general ])ublic. Underneath the mark is the jMjrt 
of destination, and the package is usually numbered 
as well. 

Sample marks are given below. 


NeyrYork Sydn^ Cateatta Bombqy 

A mate's receipt granted on delivery to the ship 
and on whiirh the bill of lading is made out would 
read something like this : 


DaU 


Jtfce.red in Ocod order and condition on hoard the 
$ a , — Mast r, the under noted goods. 


yew Yott. 



$ 1 3 3 cases hardware. 

isjd.) J. UMITH, 

12' mate. 


A considerable number of clerks are employed in 
the freiglit department. Bills of lading for large 
ports have each, us a rule, a separate desk assigned 
to them, and the clerks employed check the bills of 
lading produced by the s}iij>iH'r with the mate’s 
receipts, and make out the freight notes. Tliis 
requires careful calculations. (Joods are shipj)cd on 
weight or measurement at the option of the steamer, 
and one freight note will involve many calculations 
of weight and measurement rates of freight. 

The young man coming to this department needs 
all his wits about him. He must be careful and 
methodical, with a (|uiek and accurate knowledge 
of tigures. Here outside woik is regarded as the 
“ plum,” and the ambition of the smart man is 
to get on the “ Baltic,” or sliip])itig exchange, and 
do the outside freight work. 

Tb<‘re is also usually an ex])ert attached to this 
de]jartment skilled in estimating damage and settling 
losses. The outside ])ublie have little knowledge 
how many ami various are the claims made by 
shiptJcrs for damaged or missing cargo. \ smart, 
tactful man can save his employers thousands of 
pounds a year in the working of the “claims” 
department. 

Insurance Department. In nil largo sliin- 
ping comy)anie8 there is an insurance department. 1 1 
is usually in charge of an experienced man well versed 
in marine insurance law and customs. Many of the 
large shipping companies insure their steamers in a 
special fund of their own, and find it pays them to 
do so. The premiums, ranging as a rule from 4 per 
cent, to 0 per cent., arc charged against each 
steamer’s earnings, and credited to the ” iiiauranoe 
fund.” Against the insurance fund all claims 
for damage and losses are debited. The larger 
companies insure the cargo carried by their own 
stoainers, and the Imggnge of passengers. In the 


case of companies whei*© the insurance is done 
” outside,” the risks are taken by Lloyd’s and the 
other groat maritime insurance companies. 

The biggest outside policy for marine risks W'as 
tlw ten millions placed by the Governm€4it to cover 
the risks to merchant shipping dm’ing the summer 
manoeuvres lost year (HK)0). 

Lrloyd’s. In marine insurance mattei*s Lloyd’s 
overshadows every other concern. It is also the 
great organisation for the coHection and distribu- 
tion of marine intelligence. All round our coasts 
and in every y)art of the world Lloyd’s agents advise 
the movements of the ships of all nations, and not 
one vessel in ten bound to y^orts in the United King- 
dom arrives as her terminal port without being 
” reported at Lloyd’s.” 

Lloyd's, too, has a “Captains’ Register,” showing 
the service of every master in the mercantile 
marine, and in this connection much valuable and 
confidential information of great value to under- 
writers is available for the benefit and guidance of 
members and i 

An inquiry office is also maintained by Lloyd’s 
where I'elatives of the crew or passengers may obtain 
without cost information regarding the movements 
of the vessel in which they are interested. 

It is scarcely within the province of this article, 
and space forbids any j^articular description of the 
business of Lloyd s, or the clauses which make u]) 
its marine policies, but to anyone engaged iiishipyaiig 
a knowledge of the abbreviations used is not only 
useful but necessary. Hereunder is a table of 
common abbreviations. 


H.C 

Held covered. 

S.A 

Subject to approval. 

N.ll 

No risk. 

V.K. or C. 

United Kingdom or Continent. 

Coat. H. and H. 

Continent between Harve 

Coat. B. and H. 

Hamburg. 

Continent between Bordeaux 

r.o 

Hamburg. 

For orders. 

OT. 

T.C. and S. 

Free of capture and seizure. 

D.C. . . 

Deviation Clause. 

T.L.O. .. 

Total loss only. 

F.A.A. 

Free of ail avenvge. 

F.(J.A. 

Foreign general average. 

Y.A.fl. .. 

York Antwerp rules. 

IM. 

llcinsurance. 

U.B.C. 

Kunniug down Clause. 

C.C. 

Continuation Clause. 

i>.r. 

Detention Clause. 

b.c. 

Label (%use (Bottled goods). 

F.PA 

Free of particular average. 

P.A. 

Particular average. 

(J.A. 

(tcneral average. 

P.L 

Partial loss. 

S.L. 

Salvage loss. 

C.T.L. 

Constructive total loss. 

T.L. 

Total loss. 

W.P. 

Witiiout prejudice. 

\Vd. 

Warranted. 

W.A. . . 

With average. 

P.P.l. . . 

Policy pr(H)f «)f interest. 

A.K. 

Against all risks. 

W.O.B. ^ 

Washing overboard. 


Lloyd's has a close connection indeed with the 
commercial side of shiy)y>ing. and from the “A1 at 
Lloyd 8,” wdiieh describ<*s the highest class granted 
to a merchant ship when she stiu ts her tirst voyage, 
till her disapyH^arance tlirough loss or breaking up 
Lloyd's never loses sight of her. 

In Lloyd’s Register appears the name of every 
steamer and sailing ship afloat, showing the owner’s 
name, the numo of the builder, the classifleation, 
tonnage, and her general measurements, as well as 
her official number and port of registry. 

The Merchant Shipping Act. This Act 
defines the duties and responsibilities of owmera, 
masters, and crews, as well as the machinery of the 
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Board of Trade Mercantile Marine Offices (known to 
Merchant Jack as “ the Shipping Office ”) and 
others authorised to deal with ships and seamen. 
The Act of 1894 in its 744 sections provides for prac- 
tically every jK)int likely to ai*isc in connection with 
the owning or management of British vessels. 

The section of the Act gives the qualifications 
necessary for owning British ships, wherein it is laid 
down that a ship shall not be deemed to be a British 
ship unless owned wholly by persona of the follow- 
ing description — namely : 

(a) Natural bom British subjecte. 

(ft) Persons naturalised by or in pursuance of 
an Act of Parliament or ordinance in a British 
])osse8sion. 

(c) Persons made denizens by letter of denisation, 
and 

(d) Bodies cor]K)rate esttiblished under and 
subject to the laws of some part of the King's 
dominions, and having their principal place of 
business in those dominions. 

It is under the last qualification, of course, that 
the great majority of British shipping is registered. 

The second section of the Act provides for 
the registry of every British .shi]», and accordingly the 
first proceeding of an owner of a British vessel is 
to register her. and the ]>rocediire as to this is 
laid down in Sections 4 to 20 of the Act. 

R.e^istering a Ship. W'hen a new' steamer 
is built .she is ivieasured for tonnage by a Board 
of Trade surveyor, and the measurements so 
ascertained are embodied by the shipbuilder in 
a document known as “ The Builder's C'ertifieatc,*’ 
which is handed to the ow'ner, who, on the figures 
given therein, makes out his ** declaration of 
ownership." This document gives the name of the 
owTiers, their principal place of biisinc.ss, and the 
niunber of shares in th(‘ vessel. A vessel is divided 
into 04 shares, so that a sole owner would be 
described as owning 04 /04th shares. Thisdo<'umeiit, 
then duly signed before a shipping master or a 
commissioner of oaths, is handed in along with the 
builder’s certificate and the certificate of the master, 
to the registrar of shipping at tlic port where the 
vessel is to be registered. The registrar then allots 
the vessel her " official number. ’ This number 
having been carved on the main beam of the vessel, 
and her ])ort of registry painted on the stern, and 
a carving note signed by a surveyor to that effect 
being furnished, the registrar grants the “certificate 
of registry." This is the vessel's most important 
document It is at once her birth certificate and 
passport: w ithout it she cannot obtain clearance 
from any }>ort, and failure to produce it would render 
a vessel liable to seizure as an ownerless and sus- 
picious craft. The certificate of regi.stry show’s the 
vessel's name, official number, and |)ort of registry, 
gives full details of her measurement and tonnage, 
and the name of her ow'ners and her master. 

Selling a Ship. In the purchH.se or sale 
of a British ship there is little formality, no 
need for a lawyer, and the process is simplicity 
itself, a steamer valued at a million |K>und8 being 
more easily disposed of than land or a house 
worth a hundred. The seller signs and seals a docu- 
ment known as a hill o/ sale, which gives the name 
of the steamer sold, and other particulars from 
her certificate of registry, the names of the sellers 
and buyers, and this document being handed over 
to the registrar of shiyiping at the steamer’s port of 
registry, the old register is closed, and a certificate 
granted to the new y>urchaser, and the business is 
done. The bill of sale in its wording is a quaint sur- 
vival of the days w'hen the merchant ship was armed, 
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as in its wording it transfers the shares “ in the ship 
above particularly described, and in her boats, guns, 
ammunition, small arms, and aj>y^urteunnce8.” 
The modern vessel, however, as a rule, has neither 
guns, ammunition, nor small arms, but the form 
survives. If a British vessel is lost, taken by the 
enemy, or sold to foreigners, notice of the fact must 
be given, under penalty, to the registrar, who thcre- 
iiyion closes the vessel’s register. The owner is bound 
to give uy) the shiyVs certificate of registry if the 
steamer is sold to foreigners, or if it is sav^ in the 
event of wreck. 

Legal Rights of the Crew. The Act 

yjrovides and lays down conditions for the en- 
gagement of a crew, and every member of 
the crew must have the agreement read and 
explained to him by the shiyjping master or his 
dcyuity. Facilities are granted to seamen to eom- 
yJain of any grievance, and jiains and jwnalties are 
enacted to 2 )roteet the seamen from imposition of 
any kind. Even his food is j)rovi(led to scale 
laid down in his agreement, and his quarters are 
certified to accommodate the number of crew'. 

The framers of the Act evidently looked on the 
sailor-man ns a fool or a simpleton, and provision is 
made for him accordingly. “ Jack,’ however, 
now'adays, at least, is quite competent to look after 
himself, and demand wdiat he terms his “ rights." 
In the agreement with the crew the freeboard 
of the steamer is given. This is a change from the 
bad old days of the “ coffin ships," and the fixing of a 
.safe freeboard was one of the points so strenuously 
fought for by the “ seaman’s friend," the late Samuel 
Plimsoll, M.P. The load-line cut and painted on 
the side of every British ship is known universally 
as the “ Plimsoll Mark," and is shown below. 

The letters shown on 



seamen, and makes ])ro- 
vision for apprentices lacing carried. It also ])rovide8 
for the examination and grant of certificates to eom- 
yietent men, and sbites the conditions for the issue 
of licences to supyJy seamen, and for their engage- 
ment. The rating of AB — that is to say, able- 
bodi d seaman— is granted only when the seaman 
has served at sea for four years. 

Elaborate instructions are laid dowrn regarding 
the (J.'seharge of seamen, y>ayment of wages, seamen’s 
money order and savings banks, and ti e pro|>erty of 
deceased scuiraen. By law, everyone on a shiyi’s 
articles is a “ seaman," and when a seaman dies on 
board a British ship his wages and effects must bo 
handed over by the master o? the shiyi to the Board of 
Trade, who transmit these through a shiyjyung office 
to the relatives of the deceased. Provision is made 
as to disci f>]ine, and for an official log, wherein is 
entered the record of any offences, births, deaths, 
etc. To be logged, to a seaman means much the 
same as a jiolice conviction to a landsman. 

The records of the service of all y>crsonH who 
serve in ships is kept at the office of the Rt^gistrar- 
General of Shipping and Seamen. The appoint- 
ments of the Regi.strar-General and his staff are made 
by the Board of Trade, which, with the consent 
of the Treasury, regulates their salary and allowances. 
In this office are collected all the statistics as to 



seamen, etc,, also records of deaths, births, and 
marriages on board any British ship. 

Prcnri»iona for Passengers. Part III. 
of the Act deals with passenger and emigrant 
ships, and regulates not only the equipment of 
such vessels, but fixes the number of passengers 
or emigrants such ships may carry. As to 
emigrants, the Act fixes that as regards steerage 
passengers no ship may carry more than : 

(а) If the ship is a sailing ship, one adult to 
33 tons of the ship's registered tonnage ; and 

(б) If the ship is a steamship, one adult to 
every 20 tons of the ship's registered tonnage. 

Provision is made for the survey of passenger 
steamers, for the general equipment, for the main- 
tenance of order, for the supply and inspection of 
provisions, water, and medical stores, and so forth. 

Sundry Regulations. Part IV. of the Act 
deals with fishing- boats, and relates to “ all fi.shing- 
boats and to the whole fishing service.” 

Part V. is headed “Safety,” and deals with regu- 
lations for the prevention of collisions at sea, 
regulates the lights to l>e (tarried and exhibited, 
the fog signals to be used, and the steering and 
sailing rules to be observed. It also deals with the 
load-line, the loading of timber, and carriage of 
grain, and iin.soa worthy ships. 

Part VI. sets up the machinery for special shipping 
inquiries and courts : and 

Part VII. deals with delivery of goods and lien 
for freight. 

Part VI TI. defines the liabilities of shiyiowners, 
which the Act declares to be 

(1) In resyK'ct of loss of lifv' or personal injury, 
either alone or together, with loss oh or damage to, 
vessels, goods, merchandise, or other things, an 
aggregate amount not excf»eding £15 for each ton of 
the ship’s register ; and 

(2) In resjHH-t of loss of, or damage to, vessels, 
goods, merchandise, or other things, whether there 
be in addition loss of life or |a»rsonal injury or not, 
an aggregate amount not exceeding £8 for each ton 
of the ship’s tonnage. 

Part IX. deals with wreck and salvage, the regis- 
tration of marine store dealers, the appointments 
of receivers of wrecks, etc. ; and 

Part X. fixes ])ilotage, and applies to all ships, 
British and foreign. 

Part XI. deals with lighthou.scs and the levying 
of light clues, which under ]ncscnt arrangenient.s 
arc* all borne by the slii]>owner, and whic h lie justly 
claims s'lould, in the United Kingdom, as elsewhere, 
]>e borne by the State. 

Part Xli. refers to the Mercantile Marine Fund, 
which deals with all charges in rcs]u*ct to fees for 
survey of shi])s, fees yiaid at the various shiyiping 
officiOS, etc. 

Part Xlll. deals with the methods of legal pro- 
cedure ; and 

Part XIV. issupydemental, and dc^fines the* general 
control of the Board of Trade, the ap]>ointment of 
surveyors, and ins]H‘(dors. and the power of Colonial 
legislatures in regard to shipyiing. 

The Mercantile Marine as a Profes- 
sion. The mercantile marine to-day offers an ex- 
cellent career to the man who has steadiness and 
inU>lligcnce to recommend him, and, as a rule, no 
other recoin iiiendat ion is necessary, for there is 
always a vaeanc;y in the larger companies for the 
young man duly qualified as junior officer or 
engineer. The sea as a profession should certainly 
bo eonsidered by yiarents who have difficulty in 
deciding “ what to do with the boys.” 

There are throe departments oy>en to the youth 
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who decides to follow the sea : (a) as a deck officer ; 
(b) as an engineer ; and (c) the saloon dey)artment, 
ns purser or steward. 

To qualify as a deck officer, the youth must serve 
an apyirentice.«if}iip, and he may do this in several 
ways. He may be sent by his parents to the train- 
ing ships Worcester or Conway, for the two years’ 
school course there. This will cost parents about 
£fi0 a year, but the boy gete a splendid training 
in seamanship and navigation, as well as an excellent 
general education. These two years in the Worcester 
or Conway are allowed to count as one year’s sea 
service, but to be qualified to sit for examination for 
a second mate’s certificate the youth must now 
serve three years at sea ; this ho can put in as an ap- 
prentice in a sailing ship or as cadet or midshipman 
in a steamer. I’here is no difficulty in getting a 
youth apprenticed or a})pointed as a cadet. The 
large steamship companies, such as the British India 
Line, the New Zealand Shi]>p ng Company, Shaw 
Saville & Albion Co., Bm^knall Bros., the Ciilf 
Line, now carry cadets or apprentices, the premium 
ranging from 30 to 100 guineas, which is returned to 
the boys as wages. Thesi? companies endeavour to 
give the cadets a knowledge of sc^amaiiship, naviga- 
tion, and the general duties of a navigating officer, 
but the steamer- trained officer is seldom up to the 
standard of the youth trained in a sailing ship. 

A young man may also qualify by serving before 
the mast, as boy and ().S. (ordinary seaman), 
and many excellent captains and officers havf 3 
begun their sea profession in the forecastle. 

Nautical Examinations. After comple- 
tion of the four years sea time the youth goes 
up for the Board of Trade examination for a 
second mate’s certificate, and this obtained, he 
is fully qualified as a junior officer in the mer- 
cantile marine. The supply of officers is less than 
the demand, and the young man should experience 
no difficulty in obtaining a berth as fourth officer 
in one of the “ liner ” companies. His pay will 
run from £5 to £6 a month, with “all found” — that 
is to say, assuming a youth goes to sea between 
15 and 16 years of age, by the time he is 20 he Is 
in a position to keep himself. His first step is tc» 
third officer, wlien he is in charge of a watch; this 
step he should get in from a year to eighteen months 
in most large companies, and he now ])uts in his time 
for chief mate’s (•ertificate. This obtained, he is 
eligible tor promotion to second officer, which rank 
he .should reach after three to five years’ service. 
'I’hen he pa.sses for master, and obtains afterwards, if 
lie can, an extra ma.ster’s certificate as the result of a 
further and s])ecial examination. Promotion to chief 
officer reaches him after seven to ten years, depending 
on the company he serves, and he reaches command 
after fifU'cn to twenty years’ service. His pay 
as chief officer will run from £12 to £18 a month, 
and as conimauder from £20 to £60 a month, and in 
some exce})tional linos and services he may get 
£8<H) to £1,000 a year. 

Promotion. Promotion to command goes 
by seniority, tempered by selection, and the smart 
and efficient chief oRicer, as a rule, gets his com- 
mand before ?nen senior to him, who have not shown 
themselves so zealous for their employers’ interests. 

The large shipping companu^, as a rule, engage 
only young officers, and train them themselves. 
These juniors receive promotion to the higher 
grades ns vacancies occur, and only in exceptional 
eases is an officer or commander brought in over 
the heads of men in the service. 

Application should be made in writing to the 
manager or marine siitierintendent of the lino 
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selected, and the letter should be accompanied by The young man who desires to go to sea as a 
copies of testimonials. This, as a rule, brings a steward m\ist begin at the very bottom of the 

re}>]y, asking the applicant to call for a personal ladder, and, ns a rule, he learns his experience 

interview, and the interview being satisfactory, and in a hard school. The river and pleasure steamers, 

his papers in order, an appointment follows. or in the steerage department of an Atlantic liner, 

Marine Engineers. To qualify for a marine would give an opening, and experience gained, 

en'j:'neer, an ap]>renticeship of at least five years the efficient steward works his way upward 

must be served in an engineer’s establishment — a to chief by his own efforts. The pay of assistant 

marine engineer’s shop for preference. Here the stewards is nominal, and they depend on tips from 

voutli should begin at the age of 15 or Hi, so that passengers to a great extent. A chief steward will 

he will finish his time when he is between 20 and 21 be paid from £8 to £12 a month. A knowledge of 

years of age. During his ap]>renticeship the youth catering for passengers is essential to the efficient 

who desires to get on will attend evening technical steward, and second only to this is tact, 

classes in drawing, machine construct ion, and R.oyal Naval R.eaerve. The officer or 
kindred subjects, all of which he will find most engineerdesirousof serving his countrv or ambitious 

helpful when he goes u}) for his Board of Trade of social advantages, joins tlie Royal ?)aval Reserve, 

examinations, and throughout his career. The The qualifications necessary, aside from the fact 

great marine shojis are on the Clyde, in Scotian ?, that the applicant for a commission must be a 

and on the T\me and the East Coast of England, British subject, are as under : 

and Belfast in Ireland. As a rule, no premium is For midshipmen : a two years’ course in one of the 
charged, and in fact the majority of engineers mercantile marine training ships, or a year at sea 

regard the premium apprentice with sus]iieion, on hoard a first-class British ship. For sub-lieu- 

consideringheis likely tohave too much fal-e dignity tenant : service as first mate of a first-class British 

to learn his business properly. Wages are generally sttMniship of at least 1,500 tons, or a sailing ship of 

paid the apprcntic<*, say 4s. a week the first year, 1,000 tons, and the possession of a master’s certificate, 

rising by Is. or 2s. a week each year of the fiv’e he Second and third mates are eligible ]»rovided that 

s(Tves. His apprenticeship com])leted, the young they have served for not less than six years at sea, 

man should send in his a])plication to the 8U])erin- excluding their time as a])prenticc, and for lieu- 

tending engineer of three or four of the big com- tenant, service in command of a steamer of 1,500 

panics. He should state clearly where he served tons or a sailing ship of 1,000 tons is necessary for 

his time, what s|)eci;d certificate lie holds, his age, not less than one year. 

and*8end a copy of his apprcntic(‘ship certificate. A senior engineer must hold a first-class engineer’s 
When ap]iointcd, it may be as tenth engineer, or certificate, and have not less than 10 years’ sea 
even as filth or fourth, depending on the size and service, including three years as chief of a steamer 
power of tlic steamer to which lie is posted. His of not less than 5(K) nominal hor8e-])owcr. 

ambition is now to get his time in as a wateh- An engineer must hold a first-class certificate and 
keeping engineer, to enable him to obtain his have seven years' sea service, including one year’s 

second and chief engineer’s certificate. Usually’ the service as chief engineer of a stoaiiuT of 200 nominal 

second’s examination is passed after about eighteen hor.sc-|)Ower, or as second of a steamer of 500 horse- 

months to two years sea service, and a chief s cert ifi- power, and an assistant-engineer must hold a 

cate is obtained after four to five years' sea service. first or second-class certificate and have served at 

Promotion de]:)eiids on the line in which the engineer least one year in a steamer as a certificated engineer, 

serves. He should bt? third after three to four years. Qualifying Drills. It is necessary for the 

second after seven to eight years, and chief engineer lieutenant, sub-lieutenant and mid8hi])man, to put 
after 15 years’ service. The iiay of a junior engineer in qualifying drills at stated ])eriod8, and such 

begins at £7 to £8 a month, with “all found"; officers may volunteer to go through a twelvemonths’ 

as third he will receive £10 to £12, as second £14 to course of training in H.M. fleet. This course coni- 

£18, and as chief £20 to £40, depending on the ]>leted satisfactorily, officers are granted certificates, 

niimlier of years’ service. The chief engineer earns and become entitled to the following annual 
a bonus on savings in coal and oil consumption. allowances : 

Pursers and Stewards. Only the large Lieutenants . . £25 a year, 

passenger boats carry pursers, and their duties Sub-lieutenants 20 a year, 

vary according to the line on which employed. In Midshipmen . . 10 a year, 

some of the compank^ he is a clerk jmre and simple. Officers of tlie reserve when called out for training 
doing the captain’s correspondence, writing out receive the same pay and allowances as officers of 

manifests, passenger lists, etc.; while in other lines the corrosyionding rank in the Royal Navy, and 

he combines these duties with the general over.sight while on service they are treated in the same 

of the saloon department. Generally speaking, manner in every respect. 

however, the duties of purser and steward are Besides the exyierience, and the social polish 
seyiarate. The purser usually secures his ap|K)int- which a training in the Navy undoubtedly gives, 

inent through the nomination of a director, and and considering that an officer can live on his yiay 

puts in a few months or a year or so in the office while serving, the annual allowance granted certainly 

of the company before he is sent afloat. There is makes it worth while for a merchant service officer 

nothing particularly exacting in the duties of this to serve in the Reserve. 

office, and a young man of average intelligence The tonnage of the mercantile marine under the 
can easily acquire H knowledge of them. Vacancies, Red Fnsign grows and increases with the years, 

as a rule, seldom occur in the big lines. Pay will and the shrewd brains which control it are as 

run from £fi to £12 a month, capable now ns ever, and if only the youth of the 

Pursers are carried by river and pleasure steamers country, gentle and simple, would do their share, 

during the summer inontlis, and here the duties are and come forward as they did in the years gone by, 

more concerned with the collection and issue of as officers and seamen, there seems no reason why 

passengers’ tickets. There are many applicants, the preponderance ‘of our lead in shipping matters 

and the pay is small, from 10s. to SOs. a week, should not be maintained. 

Contintud 
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By HERBERT ROBSON 


jV^ACHlNERY driven by power came into use in 
dyeing practically with the artificial dyes, and 
the subsequent enormous expansion of the trade. 
When the dyer had to deal with small quantities 
of goods — a few bundles of yarn or a small piece or 
two of cloth — he was content to use vats sunk to 
the level of the dye-house floor, as in the old and 
still-UBod process of indigo dyeing, and with tubs 
and kettles, working the goods with his hand, or, 
if the heat would not allow this, with rakes or 
forks or with a long crutch-like stick known as a 
“ jigger.” The resemblance of a billiard-rest to this 
article has given us a familiar slang- word. 

Hand Dyeing. 'J’hese hand-dyeing appliances 
do not require illustration. In oases where small 
quantities are to be handM, or when sfjecial care 
is required, they are still usecL Moreover, it 
frequently happens that metal must not come into 
contact with the dye-bath, and in this casc^ the use 
of a wooden veasel is compulsory. I'he ordinary 
form this takes is simply a strong, oblong box, fitted 
with a steam ])qxj below a perforated false bottom. 
The steam may be either blown in direct, or a 
closed steam coil may Imj used. 

In dyeing hanks or skeins in this simple dyc-vat 
the hanks are strung in festoons on sticks. These 
are ordinarily straight, but in some cases — in using 
the sulphur "dyes, for instance — they are bent so as 
to keep the yam constantly under the suidaeo 
of the bath. The hanks are dipjied into the bath, 
raised and lowered in the liquor a few times, and 
then left in the bath with the ends of the stick 
resting on the eilges of the vat. The next stickful 
is then introduced in the same way, and when all 
have been cntiTcd, leaving a space between each 
to prevent entanglement, the first is lifted by two 
men standing one at each side of the vat. One of them 
tlirusts a stick through the hanlis and when the 
other has grasjHJd his end, they lift tlie hanks so 
that they are well turmul on the stick and the part 
of the yarn that was resting on it is now in the bath. 
1'he others are treated in the same way. and the yarn 
is said to have had “ oiui turn.” The men go on 
to give “ three turns,” or more, according to their 
judgment or instructions. 

Dye«houAe Machinery. In the hand 
dyeing of cloth the goods are siiiqily entered and 
worked about in any of the already-mentioiUHl 
ways. A simple wince or skeleton roller may be 
provided over the dye-beck, and the goods, stitched 
in an endle^ss band, are put over the wiiiei^ and 
under guide rollers in the bath. The wiiu*e is 
then revolved and the cloth run through the bath 
until it is evenly dyed to shade. 

This dye- beck, with wince, representa the simplest 
form of "dye-house machinery, and it is evident 
that it may be driven either by hand or power. 
The last thirty years or so has, however, seen the 
introduction of a great variety of machines for 
general \i»e and for particular purposes. 

Broadly speaking, the form of macliine used 
differs little with the kind of fibre under treatment, 
but widely with the state of manufacture and the 
variety of material. In other words, a cop of yarn 


cannot be dyed lik& a piece of cloth nor will muslin 
stand the treatment of strong cloth or felt. 

In this connection, however, silk must be looked 
upon as coming under the descrqition of a “ variety 
of material.” The careful manipulation required 
makes it necessary to dye it by hand or with a 
simple form of machinery not liable to damage the 
fibre. The quantities ordinarily dealt with, more- 
over, allow most of the dyeing to be done by hand 
in wooden dye-vats or even in earthenware or 
ponielain vessels. It is dyed in the form of yarn 
or cloth ; and in a few of the largest silk dye-houst's 
some of the simpler form of machines useAl for 
dyeing cotton in tlie hank and in the piece have 
been adopted, in order to handle (jjuantitfes rapidly. 

In one-^forin of sjiecial machine for silk yarn the 
hanks are placed over a reel, free at one end, so 
thiit they may be readily ])ut on and taken off and 
run through a dye- vat, the reel or rollers revolving 
so as to fiass every part of the hank continuously 
through the dye liquor. In another form, the 
hanks are hung on a pole, or bet ween two ])oles, and 
carried through the dye-bath with a revolving act ion, 
to ensure even dyeing. As regards j)iect*s, the wince 
arrangtmient already described is u.sed, or a simple 
dye jig, which will be described later. 

Wool and Cotton Dyeing* Wool and 
cotton are dyed in the raw or loose condition; 
in various states of preparation for the spinning 
frame, a.s rovings, sliver, or sliibbing, for instance; 
as spun in cops : as hanks ami warps ; and in 
the form of w'oven fabrics. For each of the.'^e 
states a nuilliplicitv of special machinery has been 
devi.sed, and in this course it will be requisite to 
contine ourselves to typical inaeiiinery for each 
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form of material. It may be here stated, without 
fear of contradiction, that our British engineers are 
pre-eminent in this branch. 

Loose Fibre. The advantage of using 
coloured weft cop.s, obviating the necessity of any 
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subsequent reeling l)eforc introduction into the 
shuttles, is evident in the manufacture of fancy and 
parti-coloured fabrics. It is obvious that one way 
out of the difficulty of dyeing tightly wound cops 
tlirough and through is to dye the wool or cotton 
l>efore spinning. Technical difficulties, however, 
stand in the way, and the dyeing of loose tibre is not 
})ract ised to a great extent. The dyed material injures 
the cards and soils the preparatory machinery 
generally. Wool, moreover, is liable to felt in the 
process, and cotton loses its “ nature,” as the 
spinners say, .so that in either case the spinning is 
im|)erfect. In rejK'ated attempts on a large scale 
to get over these difficulties, an acquaintance of the 
writer\s lost a substantial fortune. 

Still, in addition to the advantage of using 
coloured weft cops, there are other pur poses for 
which raw cotton and wool arc dyed. Different 
colours may be mixed and spiin to produce re(|uired 
shades or fancy effects, or the loone fibre may be 
dyed to be used as coloured fillings. Moreover, 
another advantage, as concerns light shades, is that 
a faster colour i.s produced by mixing a dark coloured 
coffon with white, and then spinning, than by 
dyeing the cotton uniformly. 

The K lander- Weldon machine has been used for 
loose cotton, but it is unsuitable for wool. It is 
\ery similar to the modern washing machine in the 
steam laundry; a drum of cop|»er netting containing 
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the loose material revf»lvcs in a heated dye-bath 
until the dyeing is effected, and it is obvious that by 
changing the baths the same machine may be used 
for bleaching, mordanting, or washing. A much 
better machine for loose material is that of Ober- 


maier, manufactured by Messrs. Mather & Platt, 
In this, the loose material is stationary, the liquor 
being forced through it, a point particularly 
important in the case of wool, as felting is avoided. 

Sliver, or Stubbing. The advantages of 
tlie dyed cop are better obtained by dyeing what the 
spinner calls “ preparation ” — that is to say, the 
cotton in some state of preparation for the spindles. 
After it has been opened and scutched, a great 
amount of dirt has been removed, which interferes 
with the purity of shade when raw cotton is 
dyed, and if it has been carded, of course the injury 
caused to the cards by the mordant is obviated. 

A fi-esh difficulty, however, arises. The slubbing, 
or sliver, must not be broken, and oven cotton 
rovings would not stand the treatment which is 
allowable with raw cotton. The Obermaier machine 
[7], in which tlie material is left undisturbed, is the 
standard apparatus for the purpose, and this is 
illustrated in diagram. The movable copper 
cylinder can bo lifted out of the dye- vat, as shown 
in the dotted lines, by means of the travelling crane. 
The vat is heated by steam, as shown. When the 
cylinder, which is varied in formation somewhat 
according to the material to be dyed, is packed with 
the goods, it is lowered into the vat, st-eain is turned 
on, and the centrifugal pump is set in action. 
This circulates the dye-liquor in the vat through the 
goods by means of the perforated centre tul)e, and 
back into the vat again. When the desired shade 
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is obtained, the cylinder is lifted, the goods are 
removed, and hydro extracted. They may bo 
washed in the same receptacle, or dried in it by 
means of a current of hot air if desired. 

’ Cop Dyeing. The cop is yarn os it is taken 
from the spindle. It is very compact, and conse- 
quently very difficult to dye. I'he advent of the 
direct cotton dyeing colours has, however, assisted 
the cop dyer, as they have great solubility, and do 
not require mordants, which, forming a solid lake 
on the fibre, interfere with the penetration of the 
inner layers of the cop. In dyeing, the cop is 
mounted on a hollow perforated spindle, and placed 
in a machine which forces the liquor completely 
through the yarn, or sucks it inwardly, or both. 
Weft cops for dyeing or bleaching are not mounted 
on the narrow paper tubes ordinarily employed in 
spinning weft (pa])er bottoms), but the first layers 
of yarn on the flf)indle are stiffened with a little 
paste (paste bottoms). 

The cop dyeing nuichine of Walker & Rose, of .Stock- 
port [8 and 9 ], is shown herewith. The dye- vat is at 
one end of the machine, and the liquor is circulated 
by a centrifugal pump. Between the vat and the 
pump connecting piping is fixed, two taps being 
employed to allow the liquor to pass from the vat to 
the pump in either direction, as reouired. The 
advantage of an arrangement of this kind will be 
readily seen, as by reversing the liquor it can bo 
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passed through tlie cops from the exterior to the 
interior, and vice versl The dye-vat can be made 
to receive any number of cops up to 1,200. The two 
stands to carry the cops are made portable, and are 
))erforated to hold the hollow perforated skewers 
upon which the cops are mounted. At the base of 
the stands a chamber is formed, the bottom part 
being provided with a socket, so that when the 
|)erforated plates carrying the cops are in position, 
a water-tight joint is formed between the inlet pipt? 
and the chamber, the liquor being thus confined and 
comjx?lled to pass through the perforated plates and 
skewers, and c?on- 

sequently through a | ■ 

the cops. The vat *** 

is heated by steam 
as usual. Ordi- 
narily cop-dyeing 
machines arc 
closed when in 
a(;tion, but this 
apparatus has the 
advantage of re- 
maining opem. 

Cheeses (small 
warjjs resembling 
a single Gloucester 
cheese) and spools 
(yarn wound, for instance, by means of a split 
chum) are dyed and bleached in the same form of 
machine, with slightly different mounting arrange- 
ments for the cheese or spool. As the yarn is 
less tightly wound, it is easier to get level shades 
throughout than in cop dyeing. 

Hank or Skein Dyeing. ' The hank is the 
reeled yarn, and presents the form that is familiar 
to the public in skeins of thread. It requires very 
‘'ini pic machinery ; in fact, in dyeing yarn in hanks, 
the only thing to be avoideil is the entanglement of 
the yarn. A typical form of yarn-dyeing machine 
is the Klnuder-VV^eldon. In this, the yarns arc 
arranged on a pair of rods sus- 
(K‘ndcd lictween a pair of re- 
volving discs, which carry the 
yarn through the dye liquor 
contained in a semi-cylindrical 
vat. The hanks are steadily 
(tarried through the dye liquor, 
and there being no motion of 
the hanks, there is no chance 
of any entanglement. The 
machine works very success- 
fully. is simple in operation, not 
liable to get out of order, is 
capable of dealing with large 
quantities of yarns, and is 
economical of dyestuffs. 

A very ingenious yarn-dyeing 
machine in that of Corrom In 
this, a rectangular dye tank is 
trovided. and over it a travel- 
ing arrangement which, in 
passing from one end of the tank to the other, 
picks UT) the rods full of yarn, turns them over, and 
drops them back again. 

A perfect hunk-dyeing machine would seem to be 
one in which either the hanks are kept still and the 
liquor is caused to circulate through them, or one 
in which the hankfr are carried through the dye 
liquor, but must not, while doing so, be subjected 
to any rapid movement tending to bring about 
entanglement of the hanks one with another. The 
hanks should not be tightly stretched, but hang 
somewhat loosely, because then the dye liquors can 
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12. CIRCULAR BACK MACHINE 
(Elkaiiah Hoyle & Sons) 


more thoroughly penetrate to every fibre of the 
hank. 

Warp Dyeing. Warps arc collections of 
yarns in long lengths ready for the loom. They 
come into the dyer’s hands in several forms, but 
usually in large balls of about 12 in. in diameter 
(ball warps). In the proce.ss of dyeing the threads 
must not be entangled, otherwise they will not lie 
straight on the loom or pass freely through the 
eyes of the healds, and so breakages will occur that 
are undesirable. 

The usual plan of warp dyeing is to have a vat 

with a number of 
guide rollers at 
the top and bot- 
tom, and to pass 
the warp round 
these rollers, and 
thus, as it j)as.ses 
through from the 
first to the last 
roller of the set, 
it travels several 
times through the 
liquor, and by 
running the warp 
backwards and 
forwards, giving 
it several “ ends,” it can be effectually dyed. This 
method works well ; the threads of the warps can 
lie kept level and straight, and the dyeing is uniform. 
It necessitates the unwinding of the ball of warp 
in the first instance on to a winding roller, and 
when dyed, rewinding hack again into the ball 
form again, although if the dyer be also the manu- 
facturer, this rewinding may be omitted, and the 
warp wound ready for use on the warp beam. 

The problem eomes up whether the warp could 
be dyed in the ball form, with all the threads in 
position and undisturbed. If it could be done 
efficiently and the eolour be level throughout then 
this method would save the 
trouble of unwinding and re- 
winding the warp. Now, simple 
immersion of the ball of warp 
into the dye li(pior will not do, 
for it will not come up of a level 
shade. The dye liquors are found 
not to i^netrate right into the 
centre of the ball of warp, and 
so the outside gets dyed the 
deepest shade while the centre' 
either does not get dyed at all 
or only a pale tint. This want 
of |)enet ration is caused by the 
tightness with which the ball is 
wound acting as a resist to the 
penetrative capacity of the 
liquor ; and, secondly, there is 
no doubt that the air enclosed 
in the interstices of the warp in 
the interior of the ball prevents 
the licpior from getting into the central ]mrts, 
because the liquor In turn prevents it getting away 
with sufficient freedom. What is wanted in order 
to dye a ball warp is some means of forcing the dye 
liquor right to the centre. Winding the warp into 
an Obermaier apparatus would do very well and 
|)erfect results can be obtained, but, as with the 
warp-dyeing machine, this necessitates unwinding 
and rewinding of the balls. Placing the warp into a 
closed chamber, and circulating the dye liquor 
through is an improvement, but even then there 
is much chance of the centre being paler than the 
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COTTAGE STEAMER (Mather & Platt) 

outer portions. A better plan would be to wind the 
ball on a spindle in the first instance, and then to put 
the ball on a hollow perforated spindle through 
which the liquor can be forced. In this way a modi- 
fied Obermaier can be used, and good results 
attained. 

Jigger Dyeii^ Machine. The action of 
this simple “ dye jig ” is sufficiently explained in 
the illustration [10]. The cloth is wound on a roller, 
round the guide rollers .shown at the bottom of 
the vat, and round a second roller. This is revolved, 
drawing the cloth through the bath and winding it. 
When all the cloth wound on it has had ** one 
end ” the action is reversed, and it is given as many 
ends as necessary. Then it is ** batched '* on to 
the large roller shown to the left of the figure. This 
“ batching roller ” is then removed for subsequent 
proces.ses, washing, drying, etc. The reversal of the 
motion of the rollers is automatic, and there are 
simple arrangements for regulating the tension of 
the cloth. In dyeing calico 
and unions in the full width 
this is perhaps the most 
universally used machine. 

The jigger is used for dark 
shades, as short strong baths 
can be used. When heavy 
drills or thick cloths generally 
are under treatment, the 
squeezing rollers are advisable 
ns they drive the liquor into 
the goods. Only one batching 
roller is shown, but a similar 
roller can be mounted on any 
of the outstretched arms 
(‘ither to the right or left of 
the vat. For the purpo.se of 
attaching the cloth to the 
rollers it is a common practice 
to sew a piece of cloth tightly 
round each roller, leaving a 



14. PADDING MACHINE 
(Elkanah Hoyle & Sons) 

loose end to which the piece can be attached. 

Spiral Dyeing Machine. In this machine 
[ 11 ] the cloth is not in tension and may be dyed in 
separate pieces between each peg or stitched to- 
gether “ on the endless system. ’ The dye-beck is 
of cast iron and the section to the left shows the 
drain below, the “ midfeather’* acting ns diaphragm. 


the perforated steam pipe passing into 
the beck, the peg rail at the top to keep 
the pieces from entangling, the wince, 
and the necessary steam fittings. The 
pieces, or the continuous band, traverse 
the beck in a spiral, as shown to the left 
of the figure, the loop at the bottom 
keeping the cloth fairly slack. This slack 
loop allows the cloth to remain longer in 
the liquor and promotes even dyeing. 
The machine is much used in dyeing on 
a large scale as the beck can be made of 
any practicable length, capable, say, of 
dealing with 30 pieces at a time. 

Circular>bacK Machine. This 
[12] is a form of the dye- bock and wince 
for cloth already described. The illustra- 
tion of the machine made by Elkanah 
Hoyle & Sons hardly needs description. 
It will be seen that this has a small 
cylinder engine atbiched, and the wince 
is driven by a reversible eccentric so that 
the cloth can be run through the bath 
either way as desired. This is ])rincipally 
used in Leeds and Huddersfield for West 
of England cloths. 

Hawking Machine. This is used in 
dyeing when it is necessary to keep the cloth under 
the surface of the liquor throughout the ofHjration 
to guard it from exposure to the air. It consists of 
a series of guide rollers arranged in the dye-vat 
so that they are completely covered with the 
liquor. The pieces are sewn together in an endless 
band and drawn continuously at full width through 
the bath by means of a pair of rollers, also, of course, 
under the surface of the liquor. 

Padding. As the name implies, this is a rapid 
method of dyeing cloth suitable only for light shacies. 
When one side of the cloth only is coloured this is 
called “ slop-padding,” a style of work very suit- 
able for discharge effects. The ordinary ]iadding 
machine consists of a trough containing guide 
rollers and with a pair of squeezing rollers above 
it. The cloth passes through the dye-liquor in 
the trough, round the g\iidc rollers, between the 
squeezing rollers and aw'ay. 

Tlie machine illiistrated [14], 
that of Elkanah Hoyle & Sons, 
has a pair of cast-iron rollers 
turned true and ground with 
emery so that the piece is 
nipped evenly from end to end 
including the selvedge. The 
rollers are wTap]>ed with coarse 
padding cotton. The wooden 
trough underneath is for filling 
pur])oaes, if filling should be 
required, and also can dye 
cotton with cold dye tinting, 
and is very useful should a 
piece be a little off shade. 
The machine is made to batch 
on arms from the top roller, 
which is of great assistance 
in keeping the piece w^ell 
fixed on roll, as w'ell as 
for “ cuttling down.” This 
ordinary form of <feliy6ry from dyeing 
It will be noted that the 
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and finishing machines. 

long arm delivering the cloth swings to and fro 
with the revolution t)f the wheel. This lays the cloth 
in long even folds on the floor below. 

Steaming. After dyeing, some colours — for 
instance, aniline black, Turkey red, and many of the 



alizurineH— require steaming under pressure to 
develop and brighten the colour. The “Cottage” 
steamer [13] of Messrs. Mather & Platt is univer- 
sally used. This is a strong wrought- iron cylinder, 
one end of which gives access by means of a sliding 
door with counterweights as shown. The section 
of the shell is removed merely for explanatory 
})urpose8. It is used either for yarn or cloth, and 
the position of the goods round the rollers can be 
varied from time to time by moving the exterior 
handle. Any pressure up to 30 lb. per square inch 
(roughly two atmospheres) may be used. 

Soaping and Washing Machine. This 
continuous open width machine is shown in 15. 
It can be made with any number of cisterns from 
one to twelve. In its most general application it is 
used as a combined raising or fixing, soaping and 
washing machine. Besides this use, it can also l>e 
employed with advantage for “ cutting ’’ indigo- 
dyed goods, developing naphthol colours, or 
chroming aniline blacks. 

A medium-sized range, with six cisterns, can be 
used, utilised as follows : Starting from the right 
(1) raising or emetic cistern, (2) washing cistern, 
(3 and 4) two soaping cisterns, (5) clean soap 
cistern, (fi) washing cistern with heavy squeezing 
bowls. The guide rollers are all of solid drawn 
metal, and the squeezing bowls of brass and rubber, 
or of brass and sycamore. With the exception of the 
raising cistern all the cisterns are fitted with 
beaters of non-corrodiblc metal placed below the 



16. HYDRO-EXTRACTOR (Thos. liroadbeiit & Sons) 


In squeezing, rollers are provided upon many 
machines, through which the yarn or cloth passes, 
and the excess liquor runs back into the bath. By 
taking advantage of the law of centrifugal force 
much more moisture can be driven off by means of a 
hydro-extractor. In wringing, less than 50 per cent, 
of moisture is removed ; by squeezing, about 70 
per oent. ; whereas over 80 |)er cent, is driven off 
by “ whizzing,” as it is familiarly termed. The 
hydro-extractor is now largely used in the steam 
laundry, and the economy of this preliminary drying 
process will be apparent. 

The hydro-extractor is a perforated mehil 
basket, mounted in an outer case so that it can be 


surface of the liquor, and between the vertical laps 
of cloth. These beaters are driven independently 
at a high 8p(‘ed, whatever may bo the speed of the 
cloth through the range, and they dash the liquor 
with great force upon both aides of the cloth, thus 
thoroughly cleansing it and loosening and removing 
any thickening matter whi(;h may have been used 
in the colours, and any by-products from the use of 
mordants or “ cuts,” while not the slightest injury 
is done even to the most delicate fabrics. 

Wringing, Squeezing, and Hydro- 
extracting. The wringing-post has a hook 
or sort of short ]>crch upon which yam can be 
twisted by hand to drive off excess of moisture. 


revoivea ar a nign rate 


-- .qjeea. xnc goocis arc 

packed into the inner basket and the machine is 
set in motion, revolving at the rate of 1,500 
revolutions per minute. The water expressed by 
the powerful centrifugal force is thrown into the 
case, and escapes by means of a drain-pipe. 

U Hydro-extractors vary in detail 
according to the special use to 
which they arc put. The type 
shown [16]. manufactured by 
Thomas Broadbent& Sons, Ltd., 
is that ordinarily used in the 
dye-house. 
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17 . DRYING CYLINDERS (Elkanah Iloylc & Sons) 18 . DRYING CYLINDERS (Klkanah Hoyle & Sons) 


Washing. Thoroujijh washing is one of the 
most important processes in tlie dye-house, and it 
is one that may have to be re|K‘ated several times 
in the stages through which the goods i)ass before 
they are reaidy for the market. All surplus mordant 
must be washed off before dyeing, otherwise it 
forms insoluble lakes in the dye-bath, wasting 
colour and leading to spotty dyeing. As a rule, but 
not always, the goods must be w'ashed after 
dyeing to clear the fibre and to freshen the colour. 

As we have seen, the mordanting, dyeing, and 
washing may proceed as a continuous operation 
in a machine with several “ holes,” or the beck, or 
jigger, may be cleared of liquor and filled with 
clean water. Special machinery, however, is useful 
in some cases. 

Drying Cy- 

lindera. The g ^ _ i » \ mf^ 

machine for dry- g V 

ing both sides of § J ; ) ) I rfw 

the cloth takes Slilil 

the form of a n S 

number of cy- 

linders heated § ^ 

by steam. The.se p \\ ^ 

were all for- ^ / \ S 

inerly, and are g / \ i 

still, as a rule, J / \ J 

made of tin- J / \ 2 

])lates, and hence ^ / \ i 

are commonly ^ / \ T 

known to the g / \ V 1 

finisher as "tins." ^ - q 

” Drying over 
tin.s ” is there- 
fore the tech- clll 

nical expression 19 , STE.\MIN(J AND AGEING MACHINE (Mather & Platt, Ltd.) 

when the cloth 


cloths, and also for mohairs, and in it a continuous 
operation can be carried on of scouring, washing, 
setting, stiffening, and drying. 

Steaming and Ageing. The continuous 
steaming and ageing machine [ 19 ] is referred to in 
all technical literature as the “ Mather & Platt,” a 
sufficient testimony to its universal application. 
It is a chamber fitted wuth a number of copper 
rollers to guide the piece w^hile passing through. 
It is used for a large number of colours, which arc 
devclo|>ed by steaming, and for ageing aniline 
black, the steam acting ns an oxidising agent. In 
the latest machines two or more “ runs ” of cloth 
can pass ab.-east. This enables a chamber of half the 
height or length of those constructed for asingle 
run of pieces to turn out the same quantity of (^loth. 

jjj In the older 

.7 ^ 7 machines it is 

I 7 necessary for the 

, — — ^-,1- . metal rods upon 

which the cloth 

||HH|||||||||||^^ K after pas- 

vlri^ through 

chamber, 

sjiecial mechan- 

^ ^ te labour in every 

^ case, and also the 

! |7? exposure of the 

ACHINE (Mather & Platt, Ltd.) 

ture outside the 


is dried on both sides, while “drying over cylinders” 
is used when the cloth is dried on one side only. 

The cylinders are heated by steam passing 
through their hollow axles, and revolve as the 
cloth passes over them, thus con.stantly bringing 
up a fresh heating surface. The machine shown 
in 18 is that of Elkanah Hoyle Si Sons, and each 
cylinder is fitted with a patent water- bucket, which 
is emptied of the condensed steam every time the 
<*ylindor revolves. 

The upright machine [ 17 ], also made by Messrs. 
Hoyle, is provided with a " five-holed squeezer,” 
which is exactly similar to the crabbing machine 
already described, with the exception that there 
arc five pairs of iron rollers and cast-iron troughs. 
This machine is largely used for all classes of 
ladies* dress goods, dadies' macintosh mantle 


chamber. To avoid the condensation which might 
form on their surfaces and produce stains on the 
cloth on re-entering the chamber, the rods are 
re-heated. In the new machine the rods are- 
carried automatically within the chamber, from 
the 1 ) 0 in t where the cloth leaves, back to the point 
where it enters the chamber. The machine re 
quires no attention beyond seeing that the cloth 
enters' straight into the chamber. A further im- 
provement consists of an an’angement by which 
the rods revolve slowly, as they pass from one end 
of the chamber to the other, in such a manner that 
no portion of a piece of cloth remains in constant 
contact with the hot surface of the rods during 
the whole of the time it is passing through. In 
the steaming of some colours this is of great im- 
portance. 


Conthuied 
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By HERBERT J. ALLPORT, M.A. 


18. The Trigonometrical Ratios of 
Certain Well-known Angles. The ratios 
of a few angles which are sub-multiples of two 
right angles can easily be found. 

The Ratios of 45°. Let z.POM=45°. 
Tn one of the lines bounding ^ 

the angle take any point P and y 

draw PM i. to the other / 

bounding line. Then, since X 

the Z.8 at O and M make up X 
one and a half right angles, 
the remaining 0PM must be • 

lialf a right L. Hence, MP 
= OM = lii, say. Therefore, if OP = jc, we have 
tP- 7H“ -f (Prop. 34). 


ilcnce, 


.*. = 

n\ J2. 


MP 

in _ 

1 

01^ 

m v/2 


_ OM 

_ m _ 

1 

OP 

m ^/2 

\'-r 

MP 

m ^ 


OM 




sin 45° = 


tan 45° = 


The Ratios of 60° and 30®. Let OPy 

be an equilateral A* Then 
each of its Ls is one-third of 
/ \ 180°, t.c., 60°. Draw PM ± 

/pp \ to OQ. Then 
/ ’ \ AOMP=:AQMP(P?v,p.l9). 

/ \ iLOPM==z.QPM, 

\ so that each of them is 39°. 
^ Q Also 0M= QM, and OM is 

therefore half of OQ, 
if OM ~ m, wo have OP = 2/a, 
id MP- - OP‘^ - OM^ (Prop. :54) 

= 4m^ - — \hiP. 

Hence, MP = in >^^3. 

• sill 60°= 

OP 2m 2 
eos 60 °=g-“=:"i = A. 


The values of the latios thus found should be 
known by heart. Any required ratio is best 
remembered by thinking of the lengths of the 
sides of the triangles from which they are 
obtained. For example, if the value of cos 69° 
is required, think of the equilateral triangle, 
and it will easily be remembered that OM is 

half of OP, and therefore cos 69° == ^ -. In the 

same way, if sin 90° is required, think of the 
figure of Art. 16, and remember that as the 
angle approaches 90°, MP becomes nearer 
and nearer in length to OP, until finally 


19. Solution of Right-angled Tri- 
angles. The angle which the straight line 
joining the observer’s eye to a distjint point 
makes with the horizontal is called the amjle 
of elevation or the angle of depression of the 
point, according as the point is above or below 
the observer. 

The Trigonometrical Ratios are, i ' 

cases, incommensurable numbers. xu 
approximate values have been found for 
angles, differing by 1', from 0° to 90°. It will 
be seen later that this is sufficient to determine 
the ratios of any angle whatever. [Chambers’ 
Mathematical Tables. 3.s. 6d.] 


Example 1. The ci 
top of a tower is .30°. 


p 





AB = 


.ngle of elevation of the 
From a point 250 feet 
nearer the foot of the 
tower the elevation is 
60°. Find the height 
of the tower. 

Lot PM represent the 
tower, and let A, B be 
the points of observa- 
tion, so that 
250 feet. 


Also, since L MPO = 30”, we have 
Bin ;«)°=OM^ m_ 1 

OP 2rH 2 
MP mJ*6 J\\ 


— " J3M 

and = tan 30°. 

AM 

Hence, - - v/3 . . . . (1) 


MP mnjW 

The Retioe of 0®» 90° and 180°. We , 

have already seen, from Arts. 16, 16, 17, that 


sin 0° t= 0, cos 0° = 1, tan 0° = 0. 

sin 90°= 1, cos 90° =0, tan 90°= oo. 

iin 180° = 0, cos 180° = - 1, tan 180° = 0. 


U T ly'.l 

The solution of these two equations gives 
a: =216*5 feet. 

Example 2. Find the distance travelled in 
an hour, in consequence of the earth’s rotation, 
by a person situated in latitude 43° ; given that 






UtATHBMATIOS 


COS 43°= *73135, and that the earth’s radius 
= 4000 miles. ^ 

Let NS be the earth’s 
axis, and P a point in 
latitude 43°, i.e., Z-EOP / \ \ 

ON. Then, owing to C ^ 

the earth’s rotation, P V / 

describes a circle about Nv >/ 

M as centre. Also ^ 

= cos MPO = cos EOP = cos 43°. 

OP 

>rP= OP cos 43° = 40(H>x -73135 miles 
= 2025*4 miles. 

Hence, in one hour, the point P travels 
of the O which P describes, 

24 24 X 7 

700 miles. 

20. Complement and S^ipplement of 
an Angle. We shall now prove that 

(i.) The sine of an angle = the cosine of its 
complement. 

(ii.) The sine of an angle = the sine of its 
hxipplement. 

(iii.) The cosine of an angle = - (the cosine of 
its supplement) 

whatever the magnitude of the angle may be. 
(i.) Let OP, starting from OR, trace out the 
angle A ; and let OP' trace out 90° - A, 
^.e., let it first trace + 90° by turning 
in the positive direction up to 00, and 
then turn back from OQ through the 
« QOP', equal to - A. 

Thus, in whatever 

/e^jS (|uadrant OP lies, the 

_ROP which OP de- 
/ \ \ scribes from OR is 

I \ JO always equal to QOP' 

which OP' describes 
\ j from OQ in the nega- 

V ^ direction. There- 

fore P'N must always 
be equal to PM in 
magnitude, /.e., OM' 
= PM in magnitude. Also, by drawing figures 

in which OP lies in any other quadrant than the 

one shown, it will be seen that when P is ahotje 
ROR', P' is to the right of QOQ', and when P 
is below ROR', P' is to the left of QOQ'. . . . 

Hence PM and OM' always have the 
srnne sign. 

for all values of the i. A we have 
MP ^ OM' 

OP OP'’ 

i.e., sin A = cos (tK)° - A) ; Again, 

or, the sine of an angle = the cosine „„ / a 
of its complement. ' 

(ii.) As before, let one revolving 
line OP trace out the ..A, 
and let the other, OP', trace 
out 180®- A, by turning tiist 


Again, 
cos (A 


into the position OR' and then back 
through R'OP', equal to - A. 

Hence, since the angle 
which OP describes from 
OR is always equal to 

J1-- .1 ?-i- r\T>/ 

describes from OR' iu / \ 

the opposite direction, 

we have MT' always V j 

equal to MP in magni- \ / 

tude. Also P and P’ 

must always be both on 

the same side of ROR', 

so that MP and M'P' have the same sign. 

MP M'P' 

• • OP “ “oF’ 

i.e . , sin A = sin (180° - A). 

(iii.) Again, OM and OM' are clearly always 
equal in magnitude, and on whichever 
side of QOQ' the point P lies, the point 
P' will lie on the other. Hence, OM 
and OM' are always of opposite sign. 

. OM_ OM' 

' OP OF’ 

i.e., cos A = - cos (180° - A). 

21. In the same way, the student can easily 
prove for himself such formuhe as 

sin A = — cos (90° + A), 
cos A = sin (90° -f A), 
sin A = - sin (180° 4- A). 

22. Trigonometrical Ratios of Com* 
pound Angles. The ** A, B ’* Formulas. 

To prove that 

sin (A 4 B) = sin A . cos B 4 cos A . sin B 

and 

cos (A 4 B) = COB A . cos B - sin A . sin B. 

Let ROL be the angle 
A, and LOK the angle 
p/ B. Then ROK is the 

JA angle (A 4 B). In OK, 

/ the arms of this 

/ ^ angle, take any point P, 

/ and draw PM, PN _L 

to OR, OL. Draw NX, 

tH? /? NY ± to OR, PM. 

Then, since lb PMO, 
PNO are right l s, a © on OP as diameter 
will pass through M and N (Prop. 39, Cor. 1). 
/. i-8 MPN, MON are in the same segment, 
and therefore are equal (Prop, 40). Hence 
^MPN=lA. Then, 

L. _ MP _ XN 4 YP_ XN ^ YP 

H B)- OP OP^ OP 

_XN ON, YP PN,. . ,, 

ON ■ OP ^ PN "OP 

= sin ROL . cos LOK 4 cos MPN . sin LOK 
= sin A . cos B 4 cos A . sin B. 


4. OX-YN_ OX YN 

' OP OP OP OP 
^OX ON YN PN 
ON ■ OP'pSr ■ OP 

= cos ROL . cos LOK - sin MPN . sin LOK 
= cos A . cos B — sin A . sin B. 


CofUiniied 
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WEN’8 HAT8 
continued from 
pave 6041; 


LIUNDREDS of machines have been invented 
* * for the manufacture of felt hats, the end 
in view being to obtain the best machine possible 
for converting the wool into a good felt hat by 
the aid of heat, moisture, and friction. 

As nearly the Avholc process of their manu- 
facture is by machinery, we shall here consider 
the materials used, quantities required, the 
machinery employed, and so on. 

Cleansing the Wool. Felt hats are made 
from the fur of the rabbit, beaver, nutria, etc., 
also from the wool of sheep and other animals. 
After obtaining the wool, it is necessarj' to give 
it a thorough washing to free it from the natural 
yolk or animal grease, or any foreign substance 
the wool contains, before the felting operation 
can be begun. It is afterwards passed through 
a “ willow ” for the purpose of opening it out. 

The carbonising process may be done in a 
variety of ways by using a dilute acid, the object 
in view being to do- “ 

stroy all the vegetable 
matter which clings 
to the wool, for the 
prisence of any such 
matter has a tendency 
to disfigure the appear- 
ance of the hats when 
finished. The wool is 
then passed through a 
carding engine, with 
its several rollers, wire 
combs and cylinders, 

Avhich opens it out to 
an almost cobweb-like 
texture. It is next 
taken to the forming 
card, in front of which 
is placed the “ forming 
machine” [10], and, as 
the wool is stripped 
by the comb from the 
doffer, it is taken up 
by the forming cone, which revolves upon four 
rolling cones. This machine has an oscillating 
motion from left to right, and vice versa. 


the larger diameter. The forming is conducted by 
women, whose sensitiveness of touch enables them 
to determine when a sufficient weight of wool 
has been delivered on the cone [ 1 3]. After leaving 
the forming department, they are passed on to 
the hardener. There are two different methods 
of doing this, called “ cup and cone ” and “ flat ” 
hardening. The “ cup and cone ” hardener is a 
machine possessing a slow rotary movement. 
The wool “ forms ” are placed on a perforated 
copper cone, heated by steam ; between each form 
is placed a cone-shaped cloth, to prevent the 
forms adhering to each other ; the cup is then 
plaoed upon the cone, and its quick reciprocating 
movement gives the first operation of felting. 
The “ flat ” hardener performs precisely the same 
function as the “ cup and cone ” hardener ; 
but in this case the felting is performed by 
friction between two plates [12]. 

*• Planking.** Planking — the next prot'ess — is 
the second operation in felting; the “ forms” are 
the same length and width as when they left 
the former — 14 in. by 
21 in., but the soft 
wool-like appearance 
they possess has been 
changed to a cloth - 
like texture by the 
first felting process — 
that of hardening. In 
the planking depart- 
ment, “ batteries” are 
arranged to accommo- 
date from four to six 
men, the jdanks being 
about 30 in. by 40 in., 
in the centre of which 
is a large kettle filled 
with water, and 
heated by steam or 
fire to boiling poir.t. 
Then the planker 
takes three or four of 
the formst rolls them in a cloth, dips them in 
the boiling water, and rolls them on the plank 
to assist the shrinking operation; afterwaids 



10. THE “ FORMING ” MACHINE 


e. This 

ei'ussing ui vnv wuui upon uie euxie gieatlv facili- 
tates the felting process. The reader will under- 
stand why this is if he refer to the articles on 
fibres on page 1905 of this work, and notice 
the structure of the wool fibre, the serrated ends, 
and the scales overlapping each other, which 
become interlocked in the operation of felting. 
When sufficient wool has been delivered upon the 
double cone, it is cut in two by the insertion of a 
pair of light shears in a recess w’hich runs round 


“settler,” who rolls the forms in a cloth and 
places them between the four rollers of the 
“ settling ” machine, the rings of which run lii a 
transverse direction, the rings on the front 
rollers running from right to left, those on the 
back ones vice versA [11]. 

The hat “ forms ” are felted up by this machine 
4 in. or more if required. They are then placed 
in the “ bumpers,” which machine contains a 

6375 






superfluous proof, then croze it, and repeat the 
operation. Now allow it to set while a few 
more brims are done. The hats are then dipped 
bodily into the weaker solution for the crowns, 
the “ draw-board ” being used to draw oflF the 
excess of proof. Then allow them to drain and 
set, after which they are placed in an iron steam- 
chest, containing cone-shaped stands. Put a 
dozen hats on each stand, cover with a cloth, 
close the chest, and turn on the steam, which 
must not be below 30 lb. pressure to the square 
inch. Allow them to remain 40 minutes, then 
shut off steam, and spread bodies to cool. Now 
put them in a stove heated to 120° F., where 
they remain three hours. Again steam for 
another 40 minutes at 30 lb. pressure to drive 
the proof to the interior of the body, so that 
the surface of the hat will be free from all foreign 
matter. After taking them from the steam - 
chest, allow them to cool. Take a stiff brush 


11. THE “ SETTLING ” MACHINE 

pair of large blocks of oak, in the pit of which you 
place the hut “ forms, ’ or “ hoods,” w^here they 
are pounded and milled up to the required size. 
The finishing touches in this department, so far 
as machinery is concerned, are given on the 
“ stumping ” machine, which is somewhat like 
the “settling” machine in construction. 

They are now given the finishing touches by 
hand at the battery, after which they are 
put into hot water and washed to free them 
from the sulphuric acid, used in planking to 
assist the process of felting. Now' they are 
placed on a wooden cone-shaped block to free 
them from the marks that have been caused 


and brush the hats well, inside and out. Up 
to this time the hat body is yet of a conical 
shape ; forming, hardening, placing, and proof- 
ing have followed each other in turn. 

The hat is now taken to the “ blocker,” and 
by him the cone-shaped body is pulled out 
round the edge to develop the brim, and the 
upjrer part is widened out to form the tip and 
side crowm. 

Next fill a large tub writh w’ater, bring it to the 
boiling point ; then dissolve 6 oz. bichromate 
of potassium, and 6 oz. of copper sulphate. 
After dissolving these in boiling water, put in 
15 dozen hat bodies, keeping them on the move 
for 30 minutes, afterwards passing them through 
clean water. The process described is termed 


by doubling them in planking. They are 
then placed in the stove to dry. We have 
now reduced the Jiat from 14 in. by 21 in. 
to 9| in. by 15| in. The best bodies are 
produced by the subtlest of all machines — 
the human hand. No machine yet con- 
trived for body-making can equal the fine 
machinery of the human fingers. 

Stiffening the Shape. The next 
process is that of “proofing,” or “stiffen- 
ing,” so that the hat will retain its shape, 
and become impervious to rain. For this 
purpose a double -jacketed pan is required, 
to dissolve the necessary ingredients, heated 
by steam, in which jplace 14 lb. of resin, 
lb. of borax, 60 lb. of button sheUac, 
j'-nd 20 qt. of water. Dissolve the resin 
and borax in the w^ater before entering the 
shellac, and after the whole mass has dis- 
solved shut off the steam and allow it to 
cool dowTi a little ; then add water until it 
is the strength required for the purpose of 
stiffening the hats. Two large mugs, or 
troughs, are now required, to filled with 
proof of different strengths — the stronger 
for the brims, and the weaker for the crowns. 

The hat bodies are still cone-shaped, and, 
to start proofing, take hold of the tip or 
crowm with the left hand, immerse about 
4 in. in the strongest proof, place it on the 
bench, and W'ith a piece of wood about 6 in. 
square held in the right hand draw off the 




“ mordanting,” which prepares the hat to receive 
the necessary colouring matter. By the time 
'‘mordanting ” is finished the vat or dye-kettle 
sliould be ready to receive the hats. Take 36 lb. 
logwood, place it in a coarse bag, swing it in 
the dye -kettle, and allow it to boil until the 
dyeing material is extracted from it ; then take 
it out and put into the vat 1 J lb. verdigris and 
1 i lb. iron sulphate. 

This may be improved 
by the addition of 2 lb. 
indigo extract. See that 
all the materials are dis- 
solved before putting in 
the hats. After putting 
in the goods, keep the 
solution near the boiling 
point for 90 minutes; 
by that time the hats 
should be of a good 
black. Then take them 
out of the vat, providing 
the necessary depth of 
colour has been got, and 
place them in a tub of 
cold water, and allow 
them to remain some 
time before washing 
them in warm water. 

The hat is now re- 
turned to the blocker — 
a man working at a 
battery similar to that 
described in “plank- 
ing” — who is provided 
with wooden blocks, 
the size and shape the 
hats are required. He 
softens the body in 
boiling water, then 
pulls it on the block 
and slips a cord over 
it to keep in position 
the part intended for 
the crown. He then 
softens the brim part, 
takes hold of the edge 
between fingers and 
thumb, working round 
the hat, and following 
with left hand flat on 
the brim until it is the 
required shape. He 
tlien dips it in cold 
water, takes it off the 
block, and allows it to 
drain before placing it in the stove to dry. 
When dry, brush it well with a stiff brush. 
The hats are now taken to the “presser,” a 
man provided with iron moulds or dishes. He 
places the correct size and shape in a hydraulic 
press, puts the hat in a steam or gas oven to 
soften, then places it in the “ dish,” closes the 


press, and turns on the pressure of 400 lb. to 
the square inch. The presses are provided with 
indiarubber bags containing the pressure, so that 
it may be evenly distributed over the whole 
surface of the hat. 

The Finishing Process. The “finisher” 
then takes the hat in hand, and on a quickly- 
revolving lathe smoothes its surface with glass- 
paper, afterwards 
polishing with tallow, 
dissolved by a gas 
heater and applied with 
a velure. 

The rough edge is 
then cut from the brim 
by the rounding ma- 
chine. Up to this time 
the hat brim is perfectly 
flat, but is now taken 
in hand by the curler, 
and placed on a steam 
baker, so that the brim 
only is softened, then 
put on a “split” 
frame, which is placed 
in the hydraulic curl- 
ing machine [ 14 ]. After 
closing, the pressure 
is turned on from 
the accumulator, en- 
tering an indiarubber 
bag, by which it is 
distributed over the 
surface of the brim at 
the rate of 400 lb. to 
the square inch. Tlie 
frames are made in all 
the shapes and sizes 
required, and being 
made in sections, they 
can be taken from the 
brim without altering 
the shape or breaking 
the curl. A hot iron is 
now run over the edge 
so that it w^ill retain its 
shape ; then cut the 
rough edges from the 
curl until it attains its 
proper dimensions. 

It is next sent to the 
“ trimming ” depart- 
ment, where the brim is 
wired, the banding tied 
in a bow and fastened 
to the band of the hat, 
the binding sewn round the curl, and the leather 
and lining stitched and fastened in their respec- 
tive positions by women, after which they are 
velured. 

For illustrations 10, 11 and 12, we are indebted 
to the courtesy of Messrs. Turner, Atherton & 
Co., Ltd., Denton. 



13. PUTTING THE WOOL ON THE CONE 



14 . HYDRAULIC OURUNO MACHINE 


Men's Hats concluded ; followed hy Purs and Furriers 
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ITALIAN By Francesco de Feo 


DEFECTIVE VERBS 



Angere (ix)ot.), to grieve 
hid. Pres, (third i)ers. sing.). — An^e. 

Ardire, to dai-e 

The forms thi^t might be confounded with 
the corresponding forms of tlie verb nrdere^ to burn, 
as ardiamOf ardente, etc., are not used. 

Arrogere* to add 

Of this verb only the form arrogc (imiK^rat.) 
now used. 

Atterrire, to terrify 

The forms that might be confounded with the 
:orresponding forms of atterrare, to cast to the 
?arth, ns atterriumo, atterriatcy are not used. This 
verb has no pre.sent participle. 

Calere (impers.), to matter 
hid. Pres, (third ])ers. Siibj. Pres. — ('aglia. 

sing. ). — Cali. Jmperf. — Calessr. 

Imperf. — Calcva. Gerund — Calendo. 

Past Def. — ('alse. Past Part. — Caluto. 

Of this verb only the third persons of the )iresent, 
mjHJrfect, and past def. are sometimes used, 

Capere, to hold [see page 4504 1 
Ind. Pres, (third pers. sing.^ — Cape ; plur,, cajmno. 

Colere, to worship 
hid. Pres. — Coliy cola (iK)et.). 

Past Part. — Colto and cidto. 

Gire (l>oet.), to go 

Ind. Pres. — Gite. Subj. hnperj. — Gissi. 

Imperf. — Giva and gia. Future — Giro. 

Past Def. — Gistiy gi, Condit. — Oirei. 
gimmoy gisie, girono. Past Part. — Gilo. 

Ire (i>oet.), to go 

Ind Pres, and Imperat. (second pers. ]dur. '. — Ite. 
Imperf. — Ivo, iviy iva ; third pers. plur., ivano. 
Past Def. — Istiy irono. 

Past Part. — Ito (gone). 

The compound tenses are formed with hsere - 
s, Se n'e itOy He lias gone. 

Eicere (poet.), to be allowed 
Ind. Pres. — Lice {tece). 

Imperf. — lAcevay licevatio. 

Suhj. Imperf. — Licesse, liccsscro. 

Past Part. — (Licito) lectio. 

Eucere» to shine 
Ind. Pres. — Luccy lucono. 

Imperf. — Lucevay lucevano. 

Pres. Part. — Lucen'e. 

Molcere (poet.) to mollify, to mitigate 
Ind. Pres. — Moldy molcc. 

Imp^f. — Mcleeva. 

Suij. Imperf. — Molccssi. 

Gerund — Molcendo. 

This verb has no past participle. 


Olire (i>oet.), to smell sweet 
Ind. Pres. — Olisci, olisce. 

Imperf. — Oliva. 

Pres. Part. — Olentc. 

Redire, to go back 
hit) erf. — Hedivay redivan t. 

Past Part. — Eedirono. 

Riedere, to go back 
Ind. Pres. — Riedo. riedi. riedey rikiono. 

Suhj. Pres. — Rieday riedano. 

Subj. Imperf. — Riedessey riedessero. 

Serpere, to wind about 
Ind. Pres, (third pers. sing.). — Ser)ie. 

Instead of serperey the verb serpeggiare is generally 
used. 

Solere» to lie aeeustomed 
Ind. Pres. — Soglio, suoliy etc. 

Snbj. Pres. — Soglta. 

Past Part. — Soldo [.st*e P‘ge 4504]. 

Suggere (poet.), to suck 
This verb has no past i>art. Instead of siiggere, in 
eolloi|uial language, sncchiare and suedare are used. 

Tangere (poet.), to touch 
hid. Pres, (third }X*r.«. sing.). — Tange. 

Subj. Pres. — Tanga. 

Pre^. Part. — Tanfjente 

Urgere (imi)cr>.). to urge 
Ind. Pres. — 'Urgcy urgono. 
hn perf. — U rgevoy urgevano. 

Subj. Imperf. — Urge^sCy urgvssero. 

Future. — Urgerdy urgeranno. 

Condit. — Urgerebbey vrgerebbero. 

Pres. Part. — Urgente 
Gerund — Urgendo. 

In familiar language the verb cssere followed 
by the pres. part, urgente is used. 

Vertere, to lx? que.stion of 
Ind. Pres . — Fer/c, virtnno. 

Imperf. — Vertevay rertemno. 

Pres. Part. — Vertenfe. 

Gent nd — Vertendo. 

Vigere, to l>e extant 
hid. Pres. — Vigeyvlgono. 

Im perf. — T Vge va, vigiva no. 

Future — Vigerdy vigeranno. 

Subj. Imperf. — Vigesse, vigesscro. 

Pres. Part. — Vigente, 

Gerund — Vigendo. 

All the forms of this verb belong to the official 
language. 

PROPOSITIONS 

Attributive and Appoaitive Propoai* 

tiona. Attributive and appositive propositions are 
constructed with the relative pronouns il quode^ 
la quale, etc., and they generally require the indi- 
cative, as : Le acdudo la Uttera the ho rtcevuta, 
I enclose you the letter that I have received. 
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But when the attributive proposition has the 
meaning of a final or consecutive proposition, the 
subjunctive must be used, as : Si era comprato 
un ombrello, che le servisse {affinchl le aervisse ; 
tale che le aervisse) ancheda parasolef She had bought 
an umbrella which she could also use as a simshadc. 

Temporal Propoaitions. Temporal pro- 
positions are constructed with the conjunctions 
qwtndo, aUorchl, appena, finch^, qualora^ eto., 
and they require the indicative if a fact is 
expressed as real or past; and the subjunctive 
(or the future of the indicative), if they refer 
to a possible or future fact, as : Quandt si e 
commeaso un errojc, biaogna penaare a rimediarvi. 
When one has made a mistake, one must think 
of how to correct it ; Appena aenti il campaneUo^ 
si inecipiio giu ad aprire. As soon as she heard the 
bell, she rushed down to open [the door] ; Aapettera 
finM fdccia (or fard) giomo^ I shall wait until it 
is day ; Capii tutto prima che apriaac hocca, I 
understood everything before ho opened his mouth. 

Instead of the conjunction quando^ we sometimes 
use the past participle followed by che, and the 
auxiliary verb, os : Oiunto che fui {quando giumi) 
domandai di lui. When I arrived I asked for him ; 
Finito che ebbe di mangiare {quando fini or ehbe 
finite) ando a fare una passeggiata in giardino. 
When he had finished eating, he went for a walk 
in the garden. 

These propositions are also constructed with the 
gerund or the infinitive preceded by prepositions, as: 
io incontrammo andando {mentre andavamo) a 
teatro. We met him while we were going to the 
theatre ; Ncl fare una cosa {mentre fdccio) dimcntico 
Valtra, In doing one thing 1 forget the other ; 
Detlo cid (avendo detto cid ; dopo che Me detto cid) 
andd via, After he had said this he went away. 

Note. In Italian the gerund is never preceded 
by prepositions. 

Local Propositions* Local propositions 
are constructed with adverbs of place, dove, 
dotmnque, etc. Tliey require the indicative, and, 
if the meaning is indefinite, also the subjunc- 
tive, as : Fewfo dove mi pare c piace, I am 
going where I like ; Dovunque batte {batta) cuor 
di popolo, i pdateri leggeranno Garibaldi {Bovio), 
Wherever the heart of a ^ople beats, posterity 
will read of Garibaldi ; Dovunque il guardo to 
giro {giri), Immenao Dio ti vedo. Wherever I turn 
my glance, I see Thee, Almighty God ! 

Causal Propositions. Causal propositions 
are constructed with the conjunctions perche, 
gia^eJU, etc., and they require the indicative, and 
sometimes the conditional, as: Non acherzare col 
fuoco, perchi altrimenti ne reaterai (or ne reatereati) 
bruciaio. Do not play with the fire, because other- 
wise you will be burned. 

The subjunctive is used when the subordinate 
proposition depends upon a negative, as : Lo 
fdccio, non perchi ne dbbia voglia, ma perchi sono 
costreUo a farlo, I do it, not because I wish, but 
because I am compelled. 

When a causal proposition has the same subject 
as the principal one, and the verb is in a past 
tense, the infinitive or the gerund may be used, as : 
Per vdir troppo (perchi vdeva troppo) non ebbe 
nuUa, He had nothing, because he wanted too 
much; Avindolo viato,eoai affliUo (perchi lo vidi) 
eredetti opportuno di non dirgli niente. Seeing him so 
afflicted, 1 thought it wise not to tell him anything. 

Final PropOAltiona. Final propositions are 
constructed wiUi the conjunctions acdoedhi, affinchi, 
perchi, che, etc. The verb must alwa 3 rs be in the sub- 
junctive. If the verb of the principal proposition is 


in the present, past indefinite or future, the verb of 
» the final proposition is in the present or post 
indefinite ; if the verb of the principal proposition is 
in the imperfect or conditional the verb of the 
final proposition is in the imperfect or pluperfect. 
Exaraj)les : Lo dico a te, percM iu lo dica a lui, I tell 
it to you, so that you may tell him ; Il ragazzo 
fingeva di dormire, ajfinchi la madre non lo agridaaae. 
The boy pretended to be asleep in order that his 
mother might not scold him. 

When the principal and the final propositions 
have the same subject, the aim is expressed by the 
infinitive preceded by per ; so if wo turn the final 
proposition of the above example into the passive, 
wo must say : Fingeva di dormire per non esaere 
sgridato da aua madre. 

Comparative Propositions. Comparative 
propositions are constructed with che non, or with 
di queUo che, and they may be used with either 
the indicative or the subjunctive : as, Ho guada- 
gnato piu che non sperassi (or di quello che aperasai), 
I have gained more than 1 hoped ; La nebbia di- 
venne pid apesaa che non era prinui (or che non fosse 
prima ; di quello che era, or fosse prima). The fog 
became thicker than it was before. 

Note. Ch>e non is used only before a verb, as in 
the above examples : in any other case the non is 
omitted : Uccide piu la gola che la spada. Gluttony 
kills more than the sword; Egli ha speso piu parole 
che danaro. He has spent more words than, money. 

After, the relative superlative, the subjunctive is 
used : E la piu bdla donna che io dbbia mai veduta, 
8he is the most beautiful woman I have ever seen : 
Queato i il piu gran ponte che sia mai stalo costruito. 
This is the largest bridge that was over built. 

Conditional Propositions. Conditional 
propositions are constructed with ae, purche, caao 
mai, qualora, quando, dove, etc. With the con- 
junction the verb is in the indicative if the 
condition is assumed to be real ; and in the 
subjmictive if the condition is only imaginary ; 
Se avete volontd di lavorare, vi prenderd nel mio 
ufficio. If you are willing to work, 1 will take you 
into my office : Se lo sapessi, ve lo direi. If I knew it, 
I would tell you. 

With other conjunctions and adverbs, the sub- 
junctive is generally used : Quando tutto vada bene, 
no7i avrd guadagnato nulla. If everything goes well, 
I shall have earned nothing: Noi non vogliamo 
fargli del male, purchi dbbia giudhio. We do not wish 
to do him any harm, provided he is (be) reasonable. 

Conditional pro}X>sitions may also be constructed 
with the infinitive, preceded by prepositions, with 
the gerund, and the past participle: A dire il vero 
(se vogliafno dire il vero) nofi ci aapettammo tanto 
auccesao, Tq. tell the truth, we did not expect so 
much success ; Vedendolo (se lo redt 1, digli che 
Vaspetto, If, you see him, tell him that 1 am waiting 
for him ; E una specie di mdsica che, e^uita bene 
(se fosse eaeguita bene), potrebbe paasare. It is a kind 
of music that, if well executed, might pass. 

Concessive Propositions. Concessive 
propositions are constructed with benclU, sebbene, 
quantunque, non ostante che, per quanto, se anche, 
quando anche, con tuUo che, ete. 

The verb is in the subjunctive : Egli ha sempre 
qvalche cosa da dire a tutti, quantunque ncaauno gli 
7>oglia dare aacolto. He always has something to say 
to everyone, although no one wishes to listen to him ; 
Quando anche doveaai p^dere tutto quello che ho, non 
abbandonerei Vimpreaa, Even if I had to lose all I 
possess, I would not give up my enterprise. 

Consecutive Propositions. Consecutivo 
propositions are constructed with che, a segno che. 
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inntfi rTir, di tnaniera cht\ di ffiiim eke, etc. The 
vei-b is in the indicative if the consequence is 
expressed as a fact, and in the subjunctive if tlie 
consequence is only considered as ^lossible : II n 
insistito tan to, chc ha ott^nnto qnello che vdeva. He 
has insisted so much that he has obtained what 
he wished : Disport etc Ic cose in modo chc 7'i sia 
mi certo ordine. Arrange the tilings in such a way 
that there may be a certain order. 

Consecutive projiosit ions may also be constructed 
with the infinitive preceded by the preposition da : 
CHi miscro tanta pavra addosso, da farlo stare 
rinchiuso in cosa per nn west intero. They frightened 
him so much, that he remained indoors for a whole 
month. 

Note. With troppu, the prcjiosition per is 
generally used : KtjU c di cttorc troppo vohilc, per 

Coni 


scf'ndcrc a vna talc bassezza. Ho has too good a 
heart to descend to any such meanness. 

Kev to Exercise LV. 

1. 1 heard someone knocking; I opened [the 
door], but I did not see anyone. 2. ‘‘ May Cod 
bless you,” said the poor mother. 3. When Mr. 
N. returns to the office, I will tell him that you 
called. 4. If you had told me the truth, I would 
have forgiven j’ou. 5. We offered him five hun- 
dred francs, but he did not wish to accept. 0. If 
you do not mind going up to the fourth floor, I 
will show you the violin of which I spoke to you 
the other day. 7. Tell your cousin to come to 
me to-morrow, because I want to speak to him. 
8. You cannot lielieve how much that unhajipy 
man has suffered ! 0. This bridge was constructed 

four hundred years ago. 


ESPERANTO 

Participial Adjectives 

Passive Voice 

The ]iassivc voice in Es^jeranto 
is formed by the addition of the 
participial endings ata (present), ita. 
(past), and oia (future) to transi- 
tive verbs. Intransitive vei l>s are 
incapable of receiving these. 

The rules for the formatiiin of 
the comjKiund lenses of the pas- 
sive voice are e.xactly the same as 
those for the active voice. When 
used ])redicatively the jmrticijdcs 
accord with the noun or ]ironoun 
in numlj<*r only. When used to 
qualify, they agree in number and 
case. 


Nine compound tenses may be 
obtained by combining the three 



(These three participles may also 
combiri<*d with csti, cstvs and estn.) 


Mi cstns lavata, 1 am (being) 
Washed ; mi esias Uinta, I have 
been washed (lit. 1 am having 
lx?en washed) ; mi cstas lavota, 
I am about to be wa.shed. 

Mi cstis Uirnta, I was (being) 
washed ; mi cstis Invita, I had been 
washed (lit. I was having been 
washed) ; mi cMis lavota, I was 
about to f>e washed. 

Mi estas UnxUa, I shall be (being) 
washed ; mi estos lavita, I shall 
hH\e been washed (lit. I shall he 
having been washrd ; mi estos 
lavota, I shall be about to be 
Washed. 

Mi cstns lavata, I should l)e 
(being) washed ; mi tstiia laviUt, 
I should have lieen washed (lit. 
I should be having been washed) ; 
mi estus lavota, I should be about 
to l>e washed. 

The present, past, and future in- 
finitives are : Esti lamia, to l>e 
(being) washed ; csti lavita, to have 
been wa.shed; esti lavota, to be 
about to be washed. 

The complement of the passive 
voice is introduced by dc (by) to 


Continued from 

pinre (IlSIH 

indicate the agent, and by per (by 
means of, with) to indicate tlic 
instrument : 

Mi cstis lavata dc mia jtatrintf 
per sapo, I w'as (l)eing) washed 
by my mother with soap. 

The distinction of these prej»o- 
sitions is sometimes a little obscure, 
but if it be rememliered that dc 
must be used to introduce the ]a*r- 
foriuer of the action, and that per 
indicates the means or method 
used, a little forethought will de- 
termine w'hich preposition must 
be us<*d. 

Example : Mi cMis kovrita 
de la knalwj per koto, I was 
covered with mud by the boys. 
La leitroj tslis skribitaj de .si per 

by her with a j>eii. 

The simple tenses will show more 
clearly the nyent and the instru- 
ment : 

The hoys covered me w'ilh (/.rr) 
mud ; She WTOte the letter willi 
(fcr) a jK'ii. 

Suffixes 

AD denotes the continuation 
or repetition of an action. 

Example : Promeni, to w alk ; 
promenadi, to w'alk about ; in- 
Htrui, to instruct ; instruado, in- 
struction ; pafo, a shot ; pa/ado, 
a fusillade. 

ID denotes a child or desc^end- 
ant, also young of animals. 

Example : Princo, prince ; 
princido, prince’s son ; prinri- 
dino, prince’s daughter ; koko, 
cock ; kokido, chicken. 

1ST denotes a jxjrson follow ing 
the occupation indicated by the 
root- word. 

Example ; Paroli, to speak ; 
parolisto, a professional sfieaker, 
a lecturer, an orator. 

Note the customary habit here. 
An occasional s^ieaker would be in- 
dicated by the use of the partici- 
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>les parolanto, 'ftarolinto, or para- 
onto, according to whether the 
time referred to be present, ])asi, 
or future. 

ESTK denotes a chief or leader 
(uot a master). ^ 

Example ; l!iipo, ship ; np- 
esiro, captain ; klubo, club ; 
kluheMrn, leader of a club. 

^Mastei of an hotel is hotel mast ro, 
not } ofelestro. 

Vocabulary 

anns\ duck rigl', bolt (v. t.) 
anseP, goose rimed', remedy, 
art', art means 

henk', bench ring', ring 
bite', butcher (subst.) 

(v.t.) 

try sat', satiated 

eerp', draw , ex- setj', seat, chair 
tract serv', serve 

denunr', de- sever', severe^ 
nounee situaci', situa- 

e^plor', explore tion 

fleg', nurse, take skulpt', sculp- 
c£^re of ture (v.t.) 

forg', forge (v.t.)«owf/', dream 
jii'X, judge (\.%.)8pec', kind, sort 
komerc', com- stel', star 
rnerce, trade mker', sugar 
komiz', clerk suspekl', sus- 
kondamn', con- pect (v. t.) 

demn lahm', foam 

kori', court- spin', spin 
yard 

kagl', bullet 
kurac', treat, 

cure leics , weave 

paH', pasture, terU', tempt 
feed cattle traduk', trans- 
tfiot', pot (earth- late 

en) ver', true 

predik', preacdi verd', green 
rah', rob verk', work 

rajt', right (literary) 

rekomend', re- vers', verse 
commend 
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Exbboise XVn. 

1. Servistino, kokidaro, ku- 
racisto, rabistestro, spinisto, 
tentado, Carpentisto, bufiisto, 
servado, flegistino, anasido, 
esploristo, pastisto, artistino, 
hundido, cevalidino, skulptisto, 
kuracistino, predikado. La ra- 
bistaro estis kondamnita de la 
jugisto. Verkisto verkas librojn 
kaj skribisto simple transskribas 
paperojn. lii audis la pafadon 
kaj la kuglojn flugantajn. La 
komizo estas konfesinta, ke 
li prenis la ringon, kaj nun li 
estas jugota de la jugisto. Kiam 
la Apinistino estis malsana, la 
kura^isto vizitis sin, sed, post 
iom da * tempo si mortis. La 
fero estis forgata de la forgisto. 

2. This is the remedy which 
is recommend ( k 1 by the sailor. 
The door was looked against the 
robber. The suspected ]»erson 
has been denounced by the clerk, 
and he will certainly be severely 
punished. These verses were ex- 
tracted by the translator (pro- 
fessional) from the works of the 
beat writers. Some stood on chairs 
and benches in order to see better, 
but the orator could not be heard. 
It is not possible to see a flying 
bullet. He was dreaming about 
his far away home, which, possibly, 
he would (will) never see more. 
Nobody has the right to judge. 
Remember that he who judges 
will be judged. Now it is night, 
and we can see the shiniim stars 
above the foaming sea. Friends 
seldom seen are friends forgotten. 

Note. The participles to be 
used in translating. 

Participial Nouns and 
Adverbs 

Active Voice 

In the two foregoing lessons the 
formation of adjectival participles, 
active and ptissive, has been ex- 
plain*:»d. There remain, however, 
two other participial forms, ob- 
tained by substituting o or c 
for the final a, by which change 
we get substantives and adverbs 
respectively. Examplrs : 

LavantOf the person or thing 
that is performing the action ex- 
pressed in the root. 

LamntOt the })er8on. or thing 
that has performed the action ex- 
pressed in the root. 

Lavoido, the person or thing 
which is ahemt U> perform the ac- 
tion expressed in the root. 

Lavante, while washing. 

Lavinte, after having washed. 

fjavontet when about to wash. 


The term adverb in Esixjranto 
has a much wider application than 
in English. Not only roots, but 
their derivatives can be made into 
adverbs by the addition of the 
adverbial termination c. Thus, a 
phrase may b3 represented by one 
word, as : elirinte., having gone out. 

The adverbial form, being ex- 
ceedingly convenient and ex- 
pressive, is much used in Esper- 
anto, but its functions must l)o 
carefully noted, as the adverbs so 
constructed may only relate to the 
subject of the sentence in which 
they actually appear. 

Example : Lavinte sin, la 
knahoj iris al la teatro. Having 
washed themselves, the boys 
went to the theatre ; Estante 
sa{)aj. Hi tvj honsentisy Being 
wise, they at once consented. 

But when, however, such an ad- 
verbial phrase in Englmli does not 
relate to the subject of the sen- 
tence, then the meaning must be 
expressed in Esperanto in a differ- 
ent manner. The sentence : “ I 
liaving been wounded, the doctor 
visited me,” cannot be translated 
by VunditCyla kuracisfo min vizitiSy 
because here the subject of the 
sentence is la knracistOy by which it 
would appear that la kuracisto was 
wounded. Such a sentence must bo 
translated Car {ati kiam) mi estis 
vundita la kuracisto vizitis wfw, “As 
(or when) I had been w’ounded, the 
doctor visited me.” 

In English sentences the word 
after is very often placed before 
(he gerund: “After eating, 1 
plept well.” The Esyieranto past- 
participle, however, fully expresses 
time, and consequently after inust- 
not be translated ; say Mamjintey 
mi bone dor mis. 

The word “without" before the 
participles is rendered by we. 

Ee pensantCy mi sendis la 
leicrony Without thinking, I sent 
the letter ; Nc pentintCy li mortisy 
Without having repented, he died. 

Extraneous Words 

There exist, in use throughout 
the world, a large number of words, 
principally scientific and teclmical, 
which, derived from a common 
source, have already become inter- 
national. The fundamental vo- 
cabulary of Esi)eranto need not, 
therefore, be swollen by their in- 
clusion, inasmuch as a very slight 
])honetic and orthographic ad- 
mstment turns them into suitable 
Esperanto words. But since Es- 
jwranto is primarily intended for 
those who have not acquired 
foreign languages, and, therefore, 
are not in a position to judge what 
words are international, nor to 


discriminate between concurrent 
cognate words, the best dictionaries 
are gradually including these words 
in their approved forms. 

Such words arc : 
tdefonoy telephone 
markonigram-ey by marconigram 
omnihtis-iy to go by omnibus 
hdium-Oy helium 
tdeskop’Oy telescope 
aittomohil-Cy by motor-car 
tdefon-inday worth telephoning 
miicrofon-a, microphonic 

Vocabulary 

acid\ acid, sour migr\ migrate 
anim'y soul ornamf, adorn 
atest'y attest, ost'y bone 
affirm pik'y prick, 

azen'y ass, don- sting 

key plad'y dish, 

huton'y button plate 

dec'y becoming, plal'y fiat 

decent porcelan'y porce- 

desegn'y design, lain 

draw prefer' y prefer 

difin'y define prepar', prepare 
drap'y cloth, prezent'y present 
woollen goods (v. t.) 

ekscit'y excite privat', private 
embaras'y cm- prudent' y rea- 
barass sonable 

fend'y split, rive rand', edge 
feks'y bend reg', rule, govern 
(v.t.) rilat'y relate to 

fundament', rost', roast (v.t.) 

foundation sag^ arrow 
hered'y inherit sankt', sacred 
kadr'y frame send, sense 
komod'y chest of sid', sit 

drawers signif', signify, 
kompost'y com- mean 

pose (print- societ', society 
ing) sonor'y give out 

konscienc'y con- a sound (as 
science bell) 

lang'y tongue sort', fate, end, 
lign'y wood (sub- lot 

stance) spert', expert 

mason', build sprit', wit 
with stone stai', state, 
maUn'y machine condition 
mebl'y piece of .spar', spare 
furniture save 

Exercise XVIII. 

I shot an arrow into the air, 
but having lost it, I conclude that 
1 am not an expert. This set ol 
exercises, after having been printed 
by a linotyj>e machine, is now 
read y . In painting that picture, and 
drawing this design, he attracted 
much attention. You have spoken 
(a piece of) nonsense. Having ad- 
mired the beauty of the furniture 
and ornaments, they presented f 
silver coin to the doorkeeper. Steo 
is flexible, but iron is not flexible 

6381 
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All the emigrants wasted their 
money, and having arrived in a 
))itiable state, they excitedly com- 
]>laiucd about their misfortune. 
That singer is worth neither hearing 
nor seeing. The writer of this letter 
is the first witness. After finishing 
his meal, he rang. Here is the roast 
beef. Do you prefer veal, mutton, 
or lamb, sir ? That sort of witti- 
ne.ss signifies nothing. Take away 
this sour stuff. When the mason 
was about to die, his inheritors 
came to receive his blessing and 
divide his fortune. Their rui)idity 
afterwards pricked their con- 
ficiences. It is better to die poor 
than unloved. The proposal was 
carefully prepared, and afterwards 
presented to the society-member- 
ship. You would be much em- 
barrassed if you knew how impru- 
dent he is. The tree was split by 
the woodman with an axe. J can 
conscientioii.sly affirm that. 

Participial Nouns and 
Adverbs 

P.\ssiVE Voice 

*^1 he participles in the pas.sivc 
voice may, in the same way as 
those in the active voice, take the 
substantival and adverbial forms : 


Substantives : 

Lavato, the person or thing 

being washed, 

Lavito, the person or tiling 

(having been) washed. 

LavolOf the person or thing 

about to be washed. 

Adverbs : 

LavatCy in being washed. 

Lavite, having been washed. 

Lavoie, being about to be washed. 

These advcAial participles must 
always relate to the subject of 
the sentence in which they appear. 

Examples : Vundite, li alvokis 
helpon. On being wounded, he 
called for help ; KaHte, la ringo 
ne povas esti trovata. Having been 
hidden, the ring cannot be found ; 
Batote de Vpatro, la infano 
ploris. About to be beaten by 
the father, the child cried. 

The remarks on the construct ion 
and general use of jiartieipial 
adverbs in the active voice apply 
equally to the adverbs in the 
passive voice. 

Key to PIxerctse XW. 

Forte blovas ckstere. Kiam li 
estis faldinta la fakturon kaj 
skribinta sian adreson sur la 
koverton, li donis ambau al mi. 

Continued 


Kia stranga vetero estas hodiau ! 
Jen negas, jen hajlas, jen fulmas 
kaj tondras. Oni neniam povas 
esti certa pri gi. Tiu 6i 6eno 
havas tridek sep cenerojn, ciu 
el oro. Li ne satas la frostan 
veteron, kaj estas ciam felica 
kiam ekdegelas. Li estis de- 
fendanta. Hi estas melkontaj. 
Mi estos sanginta. Ni ne estas 
pretendantaj. Vi estos savinta 
(au savintaj), Li estis defendonta. 
Mi estis ofendinta. Hi estos 
ripozintaj. Mi estas ordoninta. 
l&i estas spiranta. Tiuj kiuj 
estas mortontaj vin salutas. 
Hi estas ofendintaj min. Hi 
estis tuj savontaj sin. La 
vilaganino estis melkinta siajn 
bo vino jn. La policano estas 
trankvile dormanta. Mi sentas 
min kvazau mi esti mortonta. 
Se mi havus ombrelon, mi estus 
povinta (au, povus) viziti vin 
malgrau la pluvo. Polvero estis 
falinta en sian okulon. Si estis 
tremanta, kaj apenau povis spiri. 
8e ill scius la regularon, ili ne 
estus farintaj (au, farus) dufojo 
la saman eraron. La blindulo 
estis falonta en la flaraojn, 
kiam tiu kuragulo savis lin. 


vr Coiilinue<l ftxuu 

tu-lu 

SECTION I.— PREPOSITIONS 

The prepositions in Greek, as in English, were 
originally adverbs, and this adverbial use is 
clearly seen when prepc>sitions appear in coiii- 
})osition with verbs — e.g., Kara-^aivu), I go down. 
The Greek prepositions govern various case.s, as 
will be seen from the following sclienie : 

T. Genitive i>nly : dpri dwo, 4 k {4^ before a 
vowel), and irpd. 

dvrL, instead of, for the sake of — as : dvri arov, 
instead of you, or for your sake. In eom]iOsitioii 
with a verb it means against (dvretirdv, to 
speak against) ; instead {dvriXafifidveiv, to receive 
instead) ; in return {dvridldta/uLL, I give in return). 

dir<5 (Latin a, al) ; English off), from, away 
from — as : drro tovtov tov xrovov, from this time ; 
d<f» iTTirov fidxesBai, to fight from a horse — i.e., 
on horseback. In composition with a verb it 
means from, away, in return—as : dTrosTlWu, 
send away (“apostle”). 

4k (Latin e, ear), from, out of — as : 4k rauTrjs rijs 
7r6\€uf He is banished from this city ; 

4k toP vPp, from the present (time) ; "Ovap 4k Aids 
4<rrLv, The dream is from Zeus. In composition, 
it means out, away — as : I am driven 

out (lit. I fall out, used as the passive of 
4Kffd\\(o, I expel). 

irp6 (Latin pro), before, on liehalf of — as : irpb 
roP veii), before the temple ; irpb rijs before 

the liattle ; vp6 rarpldot pAxes-OaL, to fight for 
fatherland ; rrpb Toi^rwv, in preference to this. 


By G. K. Hibbert, M.A. 

In composition it means before, forth — as : xpo- 
Ka\4w, call forth. 

II. Dative onlv : 4p and avv. 

4v (Latin in wdth ablative), in — as : 4p rg 
piiaip, in the island ; 4p Toinr<p, meanwhile (under- 
standing T(p xpovip); 4p dr/pip \4yetp, to speak among 
the people. In composition it means in, on 
{4yK€ipai, I lie on). 

<rvp or ^vp (Latin cum), together with, with the 
lielp of — as : a-vp roh deoh, with the help of tlie 
gods ; aitp *Zepo(t>C)VTi iiropePcTo, He went with 
Xenophon. In comj^osition it means with, 
togethrr — as: crvppdxopai, fight along witli. 
(This fireposition appears in our English words 
beginning with syn, sym, syl, sys, etc.). 

III. Accmthative only : els or 4s, into, t(» 
(Latin in with accusative) — as : els ' kBi^pas 4<t>^iyop, 
They fled to Athens ; els ppKra, till night ; els 
^Karop, up to a hundred ; xpil^^P>^^ irdXepop, 
useful for war. 

The form ws is sometimes found, but only with 
persons : ws KPpop elcrUpai, to go to visit Cyrus. 

IV. Accusative and Genitive : did, Kard, 

inrip. 

did, through. 1 . With accusative on account of : 
did toPto, on this account ; did ttjv viurov, f>n 
account of the disease. 2. With genitive through ; 
did vvKTdst through* the night ; did rrjs x^P^h 
through the country ; di ovd4pos voieiaBai, to 
value at nothing ; di dpyns to be in anger 
(ix^iv is often used intransitively = to bo). 
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In cainposition it means through^ different 
directions^ mvJbuaUy — as ; ^tapplirrw, throw in 
different directions. 

Kard, down. 1 . With accusative dovm along, 
at (of time), according to, hy (distributively) — as : 
Kard l^ovv, down stream ; oi Ka6' ripLcis, those at 
our time ; Kar i/ii, according to me ; Kad" ijfUpau, 
day by day ; Kard rpeh, by threes. 2. With 
genitive down from, below, against — as : icarA 7 ^ 5 , 
below ground ; Kard r^s irlrpas dWesOai, to leap 
down from the rock ; /card tiv6s \iyeiy, to speak 
against someone. In composition down, against : 
Karafialyu), go down ; KararfftOdo/xai, tell lies against. 

vwip, over (Latin super; note that a rough 
breathing in Greek is often represented by s in 
Latin : sex ; eirrd, septem ; dXs, sal). 

I. With accusative beyond — as : hirlp di'/va/jnv, 
beyond one’s strength. 2. With genitive above, 
on behalf of — as : vwtp rrji K-c^aX-^s, over his head ; 
ndT(€<r0aL vwip rtpoi, to fight for someone. In 
composition over, exceedingly, on behalf of. 
(English hyper, as in “hyper-critical”). 

V. AccusvVTIVe, Genitive, and Dative : 
d/i0^5 iirl, /i-erd, irapd, vepl, irp<5s, {fir6 (and very 
rarely dvd). 

dfifpl, about (Latin aftib-, both), on two sides of. 
1. With accusative about (time, space, number, 
or circumstances)— as : oi dfuftl llXdriaya, those 
about Plato (i.e., the Platonists) ; dfitfil n Ix^ip, 
to be busy about a thing. 2. With genitive 
about (of subject matter), rare in prose ; usually 
7 rep{. 3. With dative about (of place), for the 
sake of, owing to — as : dfi4> 'EXipn fxdxesOai, to 
fight for Helen ; d/j.<pl for very fear. 

M, on, upon. 1. With accusative on to, to, 
towards, against — as : trpoeXBcip iirl rb fiiifia, to 
come forward on to the platform ; rrheip iirl robi 
ASTfpaLovs, to sail against the Athenians. Also 
in phrases like rb iv ^fie, as far as I am con- 
cerned ; M TovTo, for this purpose ; M to iroXv, 
for the most part. 2 . With genitive on, towards, 
in the time of — as : iirl fUmaroi, on a platform ; 
ivi 2 :d/iou irXelp, to sail towards Samos ; ijM-Qp, 
in our time. 3. With dative on, at, on condition 
of, in the power of, in addition to — as : rb iir ipioL, 
so far as is in my power ; ciri toiVtois, on these 
terms, or, in addition to this ; pi^yo ippopcTp M 
TIPI, to be proud of a thing. 

/xerd, among, with (akin to Latin medius), 

1 . With accusative after — as : /xerd Tbp TrdXe/xoi', 
after the war ; /ucrd raOra, thereafter. Also 
rarely (in poeti^) it = into the midst of — as : 
/xerd ffTparbp, into the midst of the host. 

2. With genitive with, on the side of (implying 
closer union than <rbp ) — as : /xerd tlvo% wdox^f-p, 
to suffer with someone ; /ter’ 'ASrjpalris, with the 
help of Athena. 3. With dative among (only 
used in poetry) — as : /xerd Kb/jMsi, among the 
waves (Homer). In composition /xerd often 
denotes change — as ; /x€ra/xdp0w<rts, transforma- 
tion ; fierapoiia, I change my mind, repent. 

irapd, ^ near, alongside. 1. With accusative 
to the Me of, along, during, because of, contrary 
to, compared with—ne : sara^vyh irapd ipiXovs, 
a flight to one’s friends ; irapd rbp fflop dirapra, 
during the whole of life ; irapd roOro y^opcp, It 
has happened because of this ; irapd con- 

trary to nature ; irapd iroXi', by far. 2. With 


genitive from the side of, from — as : dyyeXos irapd , 
Tipos, a messenger from someone. 3. With 
dative at the side of, near — as : (TTijpat irapd tipi, 
to stand by someone. In composition irapd 
often means beyond, over, wrongly — as : irapa- 
poni(a, I transgress the law. 

irepL, around, about. I. With accusiitivc about, 
near (practically the same as dp.<f>L) — as : oi irepl 
KOpov, Cyrus and his attendants. 2. With geni- 
tive about, concerning (Latin de), above (in 
poetry) — as: ir^pl tipos Xiyuv, to speak about 
someone ; also the common phrase : irepl iroXXov 
iroieiaffaL tL, to reckon a thing worth much. 

3. With dative around, about, hy reason of (rare 
in Attic prose) — as : OibpaKa irepl tols crr^ppois 
to have a breastplate round the breast ; irepl 
SelfiaTi, for fear (Latin prve). In composition 
irepL often denotes excess — as ; irepticaXXi^s, very 
beautiful ; irepibeLSu), I fear exceedingly {cf, Latin 
permagnus, exceeding great). 

irpbs, in front of, at, by. I. With accusative 
to, towards, against, in reference to — as : KXaieip 
irpbs ‘ovpapbp, to cry to heaven ; irpbs 0c6v ipL^eip, 
to strive against God ; irpbs iairipap, towards 
evening; irpbs Tbp Xdyop, in reference to the 
argument ; and often adverbially — as : irpbs 
(iiap, = ^laLufs, forcibly. 2. With genitive from 
(rare), by (of agent), in the eyes of, and in oaths 
— as : TeTifjirjadai irpbs tlpos, to have been honoured 
by someone ; irpbs dvBpCurosv, in the eyes of men ; 
irpbs Qeup, by the gods (I swear) ; also in sentences 
like Ou irpbs larpov <ro0ou Bpi)peip, It is not the part 
of (or it is not fitting) a wise physician to wail. 

3. With dative at, near, in addition to — as : 
rctxoy ’’^pds T^ BaXdaaxly a wall near the sea ; irpbs 
Tobrois, in addition to this, furthermore. 

M (Latin sub), under, by. 1. With accu- 
sative to under, towards (of time) — as : Upul virb 
yaiap, to go under the earth [i.e., to die) ; 
virb pvKTa, towards night (Latin sub noctem), 
2. With genitive from under, thrrmgh (causal), 
by (of agent, after passive verbs ; Latin ab) — as ; 
Xi'cxi' Tobs tirirovs virb tov l^vyoO, to loosen the horses 
from under the yoke ; virb dbovs, through fear ; 
TifidaBai virb tup ’p'oXitup, to be honoured by the 
citizens ; also in such phrases as : (nr abXov, to 
the accompaniment of the flute. 3. With 
dative at, under (place and circumstances) — as : 
ctJdeiv virb irbrpxf, to sleep beneath a rock. In 
composition (nrb often means secretly, or slightly, 
or gradually — as : (nroBiu, I make a secret attack ; 
virbXevKos. somewhat white. 

dpd, up ^opposite of icard). 1. With accusa- 
tive up, along — as ; dpd Tbp iroTap.6p, up the river ; 
dpd pbKTa, all night through. Distributively — as : 
Eariyaar dpd HaTOP, They stood in hundreds ; dpd 
irePTi/iKOPTa, by fifties. 2. With genitive, only in 
the phrase dpd pijbs ^alpeip, to go on board ship 
(Homer). 3. With dative on, upon (only in 
poetry) — as : di^’ <Sa<p, upon the shoulder. 
In composition dpd denotes up, back, repetition, 
stren^f^ing — as ; dpaxtapiw, 1 retreat. 

In addition to the above, which are the pre- 
positions proper, there are some adverbs used 
as prepositions. These cannot be compounded 
with verbs, and are called improper prepositions. 
They are : dvev and drep, without ; dxpi and 
AS far as, until ; fiera^b, between ; tpexa, 
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for the sake of ; wXi)*', except. These all govern 
the genitive. 

Augment of Verbs Compounded with 
Prepositions, In the case of a verb com- 
pounded with a preposition, the augment follows 
the preposition — as : rrpoaXa/M^dvut ir/xxrAa^ov ; 

iKXeliTb), i^^XiTTov ; e'uraKOijto, ciai)KOV(Ta ; avyKplvuj^ 
crvv€Kpl$rfy ; (rvXXafjLliivUf crvy{Xa^ov ; <ri'/A^d\Xu>, 

(Tvyi^aXoy ; (ru-<rrAXw, (Tvv^ffTaXKa. 

Prepositions that end in a vowel drop the 
final vowel before the augment e, except irepl 
and TTpS — as : diro/3dXXw, dir^paXXoy ; but 
4^aXXoy and xpo^fiaXXoy. {irpd is usually con- 
tracted with the augment— 4is : vpoi^^aXXoy for 
irpo^^aXXov. ) 

A few verbs take the augment before the pre- 
position — as : Kadl^b}, iK&di^ov ; while some have 
both augments — ^as : ijyctx^fivy- 

iVoTrrei'w, suspect, makes {tTrdjTrrevoy ; and 
vapayofiiu), ti’ansgress, makes Traprfy6iJ.ovy (very 
irregular). 

The Irregular Verbs cifxi, Be* and 

€l/J.L, Go. 

eijui (stem eV-, Latin es-se)^ be. 


Indicative 


VreteiU ’ Future 

eifjLi ijv or ^ ^(TOfiai 

Prenent Presenf 
Subj. Optative 
Cj etrjy 

l*re9ent 

Imperative 

el 

9](TBa 

(aeiOT iatj rfs 

€17]^ 

1(tBl 

iiTTi 

i]V 

iarat 

V 

€iv 

taruj 

eirrov 

■f)Toy 

icecBov 

ijTOV 

etrjTOP, 

iarov 

cVror 

iiTT]V 

laeaBov 

i]TOV 

eirov 

eii]Tr]v, 

1<TT0)V 

iafxiv 

^fl€V 

iaopiiBa 

WpLCV 

etrrfv 

€irip,€v. 

- 

€<rri 

ijre 

i(T€<rB€ 

ijre 

€lfJt.€P 

€ir]T€, 

eerre 

( '.cri 

^<rav 

iaovrat. 

(hai 

tire 

ctTjaav, 

tcrrucrav, la- 

Present Infinitive: 

elev 

eiyai, to be. 

Tu)v, 6vru)v 

Present Participle , 

.* Cby, ohea, 6v 

(gen. hyros, 


ouffTjs, 6 vtos ; nom. pL 6 vt€s, o?KTai, 6vTa), being. 
Future Infinitive: 

Future Participle : icrofi^vos. 

Verbal Adjective : iartov. 

There is also a future optative, iffoifiijyf (<roiOf 
((TQiTo, etc., quite regular. 

tTfii (stem t-, Latin i-re), g(». 


PreserU 

Imper/eet 

Present 

Present 

Preset. 

Indicative Indicative 

Hud). 

Optative 

Imperative 

eJfjLi 

Tjeiy or 77a 

lu) 

lolyv 

— 

d 

•pets or yeurBa 

tys 

fots 

tBi 

cZtrt 

yet or yeiP 

i'll 

toi 

Itu) 

tT.y 

yeiTOP or yrov 

trjTOP 

toiTov 

troy 

ITOP 

ydryv or -^yh 

tyrov 

lolryy 

trujy 

ifiev 

yeifjiev or yp-cv 

tu}fjL*y 

toipLiP 

— 

tre 

yciT€ or TTTe 

tyre 

f0lT€ 

Ire 

ta<ri 

ytaav or yaav 

titXTl 

toicp 

IruHTav or 


l6vT(ay 

Infinitive : Uvat^ to go. 

Participle : Itby, lov<ra, I6v (gen, idyros, etc.). 
Verbal Adjective : It6s and irloy. 

Note. The present eZ/xi has usually a future 
sense, I shall go, and is used * as the future of 
fpxopiai. The two elpi ’s are liable to be confused 


by the beginner, and there is a third verb, diha, 
know, which is somewhat similar in parts. Thus — 
oTda, 1 know. 

(dlba has no present, being a second perfect 
from the stem Zfi- ; see dthoy in dictionary.) 


Perfect Indicative 

Pluperf. IMicative 

Perfect Imperative 

olha 

yheiy or yhy 

— 

olffBa 

yheurBa or yheis 

taOi 

olhe 

yhcL or yhy 

tario 

tffTOV 

yheiTov or yaroy 

tffTOV 

Itrrov 

yhdryy or yaryp 

tffTUJV 

tafiev 

yheijaep or yfffi^y 

— 

tare 

yheire or yare 

tffre 

taacri 

yhcaav or ycrav 

tffTtoffay 


Perfect Infinitive : eld^yai, to know. 

Perfect Participle : eihvia, €iS6s, knowing. 

• Verbal Adjective : Iffriov. 

• Subjunctive: e/5^s, eiSjJ, etc. 

Optative : elSelyiv, €l5€l7}s, eiheLyi, etc. 

Future Indicative : ctaofiai, ctcei, etaerai, etc. 

SECTION III.— TRANSLATION 

The First Glimpse of the Ska 

[This h fniiii Xenophon’s Anahaais*” one (»f tlie. most 
fascinating; lKK>ks in the world. Xenophon has led a Ixaiy 
of Greeks into Persia to help Cyrus to wrest the crown from 
his elder brother Artaxerxes 11. Cyrus is slain, and the 
Greeks have to retreat. It is a time of terrible danger and 
hai-dship, and w'hen one day in February 400 b.c. the vanguard 
catch sight of the Black Sea in the distance and call out “ The 
Sea ! The Sea !” the joy of the whole army is unlx>iinded. 
Let the gallant leader tell the story in his own words j 

'EyrevOey iwop€if0r)(rav hid XaXn/iwr Kal ^XBoy(^) 
irpb% irdXiy fieydXrfv, f) inaXciTo Vv/xylas. iK rai'^ryjs 
TTfs irdXcws 6 rijs x^P^^ dpx*J^v Trifiirei ijy€fi6ya roh 

• EXXTjaiv iXOujy eKeiyo? eiirey 6rt d^oi (") aurors fis 

X<*>pioy 6dty 6\f/OLyro(^) BdXaaaav, 6 hi riy€iTo{*) aiVots* 
Kai dtfuKvovvTai ivl rb 6poi Trlfxvrri ivrtl hi 

oi irpCnoi iyivovTo(^) i-iri rov hpovs Kai Kareihov ri^v 
HdXacraav, Kpaiyr) ttoXXt; ey^PCTo. 6 hi ^at 

oi dTriffdotpvXaKcs aKodcravres (prf$7j(rav (^’) ToXefiloi s 
iviTlBtffdai rots IfiirpoaOev. irreih^ hi (io^ trXiiuv 
(ylyycTO, Kai ol dei ^Ttdrres (") ^Beov hpdp^ip iiri rotVs dti 
fiowvTas, ihbK€L h^ Tip &€yoipu)yri p.u^6v rt elvav Kai 
dyafids iifi imrov Kai dvaXafiuv rods iinrias, trapt- 
fi(yhB€L.(^) Kal rdxa hi] dKodovffi rQy arpariurru^v 
fioibvTit>v ’BdXoo’tra, 6^dXacrora, xai TrapaxfXeno/i^rwr 
dXXi^Xois. (vBa hi] frdvres IB^ov iTrei hi dipiKOVTO iiri 
rb dKpoy, iyravBa hi] wfpiijdaXXoy ('*) dXXTjXons Kal 
arpaTrjyovi Kal Xoxayovi haKpvoyrer Kal tOBvi oi 
arpariurai <f>ipov(n XlBovs Kal TOioOcri KoXiavbv 

fifrd ravra ol ''EXXi;res diroiripLirovai rbv by^P-hya hwpa 
hbPTifi}^) airnp, tiriroy Kal ifttdXrfy dpyvpdy Kal (rK€i>i]v 
UepffiKijy Kal xphunra’ 6 hi 5ei^as(*^) anrots Ktdfirjv, 
oh Ihei orKTjyeiv, Kai rijy Shop i^y wopciVotrro, (px^ro 
rijs yvKThs. 

Notes. (1) Irregular aorist of (pxopai (par- 
ticiple iXBiJbv). (2) Future optative of dyw. 
(3) Future optative of bpdto, (4) Governs the 
dative (from rryiopML). (5) Second aorist of 
ylypofiai. (6J Aorist of ofo/uai. (Note that verbs 
beginning with a diphthong take the temporal 
augment on the first vowel of the diphthong, 
at becoming 77, and ot becoming <p — e.^„ alriw, 

I ask, fryjaa ; otxopai, (pxhpifjv, as below tpx^ro 
rijs yvKTds.) (7) Present participle of Iwct/At, come 
near. (8) and (9) lm[>erfect of irapafioriBiu and ' 
vepifidXXut respectively. (10) Aorist participle of 
hlhupi. (11) Aorist participle of helKPVfju, 
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7X7 to sciuare inch ^ 7xft to 8<iiiare inch 



i and 2. Showlnpc the effect of 3 when transferred 
to rilled paper 4. Method of breaking up colour 
masses aud outline 5. Complete design with border 



A. Outer guard B. Two-quarter border C. Inner 
guard D. Body or filling 
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By H. NAPPER 


IN the following articles, containing practical 
* knowledge necessary to the maker of patterns 
for all materials that require a pattern, it is 
intended to give, without being severely tech- 
nical, just the amount required by the designer 
to miJke a design suitable for showing to a 
manufacturer ; and also to serve the purpose of 
connecting the course on Design with the prac- 
tical articles of weaving in all its branches, 
which are included in this work Tsee Textiles, 
pages 2939, 3163, 3367, 6607]. 

Drawing for Textiles. The designer 
of to-day must, if he wish to bo successful in 
his calling, be able to make patterns for all 
materials that require them, be they carpets, 
tapestries, silks, muslins, cretonnes, velvets, wall- 
papers, etc. He should also interest himself in 
furniture and carving for wood or stone, otherwise 
he will soon find that to limit his invention 
to one branch becomes irksome ; but by 
taking up others ho will return refreshed, and 
probably with ideas suggested by the change of 
thought. 

The great difficulty in the way of the young 
designer is how to acquire this knowledge. 
Although we have schools for design, the prac- 
tical side seems to bo ignored. This is a great 
mistake. Moreover the ordinary productions 
of to-day are generally held in contempt. To 
give an instance. In looking at a collection of 
designs exhibited by young designers from any 
school of art it will be found invariably that they 
are only suitable for working in the most expen- 
sive cloths, and are costly in production because 
the same effect could be realised by the design 
being half its length, or by the reduction of the 
amount of warps and wefts. 

The same remarks apply to wallpapers, wdiere 
nearly all the designs could be produced only by 
block — that is, by hand — whereas this process of 
production represents only about one-tenth of 
the output by other processes used for w^all- 
covering. 

MarKet Requirements. The manufac- 
turer depends for his ideas on the designer, 
and for his best work invariably buys from 
the designer who is working for himself — that 
is, for the general market, and not for any 
particiilar firm. There is generally a large 
staff of designers kept by the manufacturer; 
the majority of these are busy with the technical 
side — re-colouring, re-arranging, and adapting 
ideas, and the consideration of new effects in 
weaving and printing. If possible, the young 
man who can spare the time to go thoroughly 
into one branch, and feels inclined to specialise, 
should endeavour to get into a factory. 

It is very necessary that the designer should 
keep himself in touch with what is being produced 


for the market. He should look around at the 
principal shops and take note of the class of 
goods, not with a view to copying the designs, 
but for the purpose of seeing what other people 
are doing and the kinds of cloths that are in 
demand, and also with the view of getting some 
notion of the scale of pattern ; one year the 
fancy may be for large pattern, another for small, 
full or empty in material. These arc all points 
the designer must take into consideration 
if he wish to be successful. Do not try to force 
your ideas on the manufacturer ; he will come 
probably to your way of thinking in time. 

There are so many hands for the design, 
when in the material, to go through, before 
reaching the ordinary buyer, that even the 
manufacturer cannot sec his way to produce 
novelties without consulting others. 

Axminster Carpets, Our object in taking 
the c-arpet as the first of this series of woven 
goods is because of its importance in the field of 
design, its variety, and also its diffieulties. The 
fact of the carpet being looked at from above, 
unlike other woven fabrics, increases the difficulty 
of making a satisfactory pattern [see also 
Textiles, page 3367 j. 

Axminster is the most interesting from the 
designer's standpoint, especially if he be a good 
colourist. In fact, it is not much use doing 
designs for it unless he is, for colour is its 
main feature, drawing counting for very little. 
This will be seen plainly by referring to the illus- 
trations of a design transferred to the ruled or 
“ point” paper [1, 2. and 8]. 

When the size of those blocks of colour which 
represent your outline — and these are the sizes 
generally used — is considered, it will be under- 
stood that delicacy of drawing, small detail, etc., 
would be unintelligible when woven, and get more 
so by constant repetition. The best method 
to start with Axminster is to find out the “ pitch,” 
or range of points used to the square inch by the 
manufacturer for whom the design is required. 
The variety is so great that it is imposiblc to 
give them all, but from five to seven to the inch 
are the pitbhes most generally used. Sketch the 
rough idea on this paper, say, in charcoal ; experi- 
ment with the outline by filling in the squares 
along the line — this will enable you to get the 
scale ’ ’ required ; it will also show, w hat is a neces- 
sity in all carpet work, how to get “ roundness 
or, in another word, “ fatness,” into the drawing. 
Having experimented on the ruled paper, and 
brought the idea into shape, the next question 
that will occur is the length of the pattern. 

The width of the material and the drawing is 
always 27 in.; borders from 13 in., 18 in., or 
22^ in. For length there is no fixed rule, but 
from 27 in. to 36 in. should be sufficient. Of 
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surface of a Brussels is usually composed of 
five layers of worsted threads, which are called 
frames ; these run the lengthway of the material, 
and are looped over wires to form the pile, the 
different colours required to form the pattern 
coming to the surface in a row of loops, eac^h loop 
making the size of the points on the ruled paper. 

Colour Arrangement for Bruasels 
Carpets. The designer must not use more 
than the^ five decided colours. Now, if 
one of these be taken for outline purposes, 
there will be four only for ground, leaves, 
and flowers, or whatever material is used in 
the design. It follows, then, that any method 
by which any one of these coloui*s can be changed 
gives an advantage to the designer. Care must 
be taken to start with this idea, for to do it 
satisfactorily entails an amount of thought and 
trouble not obvious to the ordinary buyer of 
carpets. These five colours running along the 
carpet are decided only in their number ; one 
can change as many time-s as required so long 
as one keeps always to five colours in one line. 
This is called “ planting.” The designer can use 
it to give gradation if tlie design is planned for it ; 
but the l)est method is to reserve it for giving 
bright effects in small parts of the pattern, so 
that the great error of making colours look like 
stripes is avoided. This will not be an easy 
matter at first, but after a while it ■will lie 
found that in nearly all woven fabrics these 
technical difficulties often result in giving 
character to the work. 

A good method is to make a strip of paper, 
with the range of colours marked in the line in 
which they are to be used, so that one can pass it 
up and down the design, and be certain the colours 
do not overlap. Another great point with regard 
to Brussels is that with the change of ground 
colour only the manufacturer can get an entirely 
different effect, in some cases making it look like 
a fresh design. This is a detail which should 
l>e always borne in mind, for, strange as it may 
seem, a design woven with a dark ground may 
not sell at all, but with a light ground may have 
an enormous success. 

Reversing and Other Carpets. There 
is a great variety of other makes of carpet 
which cannot be explained by writing or 
illustration, owing to the complicated method 
of weaving. Tapestry cariDct is one. This is a 
very common effect, usually woven in squares, and 
of a very cheap quality. In nearly every case, 
the cheaper the material, the more difficult it is 
to make a pleasing or satisfactory design outside 
the faertory. 

There are exceptions, however. The cheapest 
and best is what is generally called a “ Roman ” 
carpet, wovtn in squares of varying sizes, in 
two colours, giving, when reversed, the same 
pattern [6]. It Is almost impossible to make a 
bad floor covering in this material, owing to its 
simplicity. The chief points to be noticed are 
that the filling must repeat with the border, 
both ways; that the detail must be always on 
the large or coarse side : and that the effect of it 
wh(‘n n‘peated must be borne in mind so that a 


good effect on both sides is obtained. Sometimes a 
third colour is introduced. This serves to make a 
better or thicker material, and helps to give a 
bloom of colour, but obviously makes it more 
difficult, and generally destroys its use for 
reversing. 

In illustration 6 the repeat of borders and 
filling and the method of making comers are 
roughly suggested, as well as the reversal of the 
pounds to make the border stand out distinct 
from the filling. The hearthrug contains the 
whole of its design in one quarter, but, by revers- 
ing exactly in the centre both ways, economy is 
obtained in design and weaving. This also 
applies to the stair carpet, in which the design, 
instead of reversing, is turned over. These 
methods of saving in production are more fully 
described in articles on woven fabrics. 

There are at the present time a great many 
hand-made carpets to be seen. These, owing to 
their cost and primitive method of weaving, are 
generally used for special purposes. Tliey con- 
tain no special technical limitations, such as 
repeats or limited colour. Tl\e designer, having 
a free hand, can carry his idea with variations 
all over the surface or change the colour in any 
way he may wish. 

Examples of Carpet Design. In re- 
ferring to illustrations of (carpets it vill l)c seen 
in the case of Axminster and Brussels [ 1, 2, and 
8] that any small breakings or serrations of out- 
line in the drawing become meaningless or im- 
possible to express when placed upon the ruled 
paper. The hardness is, of course, slightly 
modified when the design is woven, owing to 
the tuft spreading a little. This is more noticeable 
in Axminster and Wilton. 

The illustration of a Bmssels [9] gives a piece 
of the complete carpet with border, with a aetail 
of filling nearly full size. In the filling the 
method of planting in the full width of material 
is explained. Although it is marked in four 
different colours, it is possible to introduce 
changes again, and give a giivduatod effect of 
the same colour. 

The method of planting the border is also 
shown. In this more contrast can be obtained, 
as it will not again repeat as in tilling. Brussels 
and Axminster are made up to size of room, by 
mitring the comer of the border and joining to 
strii>8 of filling. If the length of filling repeat is 
long, some parts will have to be cut away and 
consequently wasted, in making up f 10 J. 

Hearthrugs and stair carpet are made in 
Brussels and Axminster with the border and 
filling complete, as in the illustration to reversing 
carpets (6|. 

We would advise the young designer to take 
every advantage of the collections of Indian 
and Persian carpets in the museums for purposes 
of study. Their perfect colour, invention, and 
planning make them for all time the ideal to be 
aimed at in a floor covering. There is always a 
market for designs of this class, not necessarily 
copies, but with the spirit, and the designer 
cannot do better in making a style for himself 
than learn from the great craftsmen of the past. 
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2. SYPHON-FILLINC; MACHINE 


Agitation is proniotod by a longitudinal shaft 
provided with triangular )x?rforated paddles, and 
revolving at (K) to 80 revolutions |kt minute. 
The gas and water are puin|)ed into the cylindcT by 
four puin|is and four sets of pifK?.s, pairs of which can 
worked inde|)endently [1]. 

The Mater which his thus been lerated thence 
passes to the filling machine at a pressure of alamt 
180 lb. if required for filling syphons and 120 lb. for 
filling bottles and **j)lain gooils ’’ — that is, not con- 
taining syrup or sugar — and about IK) lb. for sw. et 
drinks. The airtual pressure in the sy])hon8 or bottles 
is about half that at which the water is forced into 
the vessel. The bigg<*st carbonating cylinder will fill 
about 1 800 30-oz. syphons |)er hour. 

Filling Aerated IVater Bottles. In 

filling bottles fitted with glass marbles as stoj)fH*rs 
the marble is forced into the neck of the bottle by 
the pressure of the gas inside the bottle. 

With 8crew-stop]X‘red bottles, the 8topi»er is 
screMed loosely into the neck of the empty bottle ; 
it is then placed under the machine, M hich removes 
the 8to])per, fills the bottle, and screws the stoppf r 
in firmly. 

Bottles fitted Mhth ordinary corks are held in 
IKisition by the machine and the cork is placed in a 
lH»ldtr. When the machine is started working, the 
bottle is filled, the cork drojqK-d into position, and 
rammed into the neck by means of a small ram. 
By the thrust of an arm, the bottle is thrown out of 
position and pushed down a chute. To avoid 
“ cork dust,” the corks are ])reviously washed in 
water, but as an extra precaution, the ram delivers 
a spray of aerated water, so as to further cleanse 
the cork at the moment of insertion. In 
all the machines, the aerated Mater is forced 
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into Ijottles by the pressure of the carbonating 
cylinder. If S 3 n'up is to be added, as in the case of 
lemonade, ginger ale, etc., it is admitted to small 
pumps froni the tanks above, which deliver at each 
stroke the requisite quantity to the bottle, which is 
made up at the same time with the pro]oer proiwrtion 
of aerated M’ater. All the modem filling machines are 
fitted with a syruji and aerated M^ater saving device. 
By this means, no water or syrup can floM' unless the 
bottle to be filled is fixed in its place. In this way, 
a great deal of unnecessary waste is saved. 

When the aerated M'afer is forced into the bottles 
the air in the bottle is driven out. This is called 

sniffng.” In the case of syphons, the “ snift ng ” 
gases arc collected and used again, as they consist 
of pure carbon dioxide left from the last filling, but 
in the ease of bottles they are allowed to escayx*, 
as they cont »in a 1 irge percent ag * of ordinary air. 

Syphons. Syphons are filled through the s]iout. 
They are fixed so that the spout is pressed against 
the pii)e through which the water is to be admitted. 
The lever is then pres.scd down, by means of a small 
arm actuated by means of a jiedal, and the soda water 
is forced in so that the ]>ressure in the syphon is 
equal to that at which the water is entering. The 
water valve is then close<l automatic illy, and the 
“ snift ” valve is oi)ened to allow the gas inside to 
cscajje. The “ snift ” valve then closes again, the 
water valve is oi)ened. and the sy])hon is filled 
up [2]. The gas in the In'st soda-water syphon con- 
tains about O'fi i>er cent, of air, the rest carbonic acid. 
There must not be more than 2 i^er cent, of air, or 
the syphon cannot be proix^rly emptied. After the 
syphons have been tilled the tojw are burnished Iw 
means of a revolving ( alien dis , and then the body 
of the syphon is washed and the lulxils stuck on. The 
8y])hon toj)s of the Camwal Co. are made of pure tin, 
with only sufficient antimony and bismuth to give 
the requisite hardness. Some are silver-])laU‘d. but 
this is merely to give them a better appearance, as 
the tin is absolutely safe. 

There aj*e two sorts of syiihon tops — inz., those 
M'ith the long lever, and those with the short ones 
[4]. With the ’ong lever tojw, the lever is raised to 
deliver the liquid, while with the short valve, the 
valve is dejiressed. The former work against a 
s])ring, which must be strong enough to }>r(*vent 
leakage ; but in the latter, the pressure forces the 
valve against its rubber setting, and so makes its 
own joint. O])inions differ as to M'bieh is the better, 
but the public seem to like the long lever, as it gives 
better control when pres.sing. The sudden spirt 
when starting a ncM' syphon is due to the valve 
sticking and coming away suddenly. The Idris 
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•Company make a china plug and nozzle fitted 
inside, bo that none of the liquid comes in contact 
with the metal top. Metal contamination results 
from the use of unsuitable metal tops. 

The Preparation of Syrups. The best 
crystallised cane sugar is boiled in a steam-jacketed 
copper. The strength of the syrup is made up to 
from 40® to 50® Tw., 2 cwt. of sugar being used at 
each boiling. The syrup is then run into a cooler fS 1, 
and fruit acid essences are added to give it the 
necessary flavours. The mixture is then filtered 
through a bag to the tank, whence it is led to the 
various filling machines. 

Soda-water varies in strength between 5 gr. and 
30 gr. of bicarbonate per pint. The British Phar- 
macopoeia formerly gave soda-water at 30 gr. per 
pint. Prosecutions are usually instituted where the 
amount is under 5 gr. per pint. The strength is 
largely a matter of taste. The amount in the case 
of lithia is 10 gr., according to the British 
Pharmacopoeia, 1885. Potash is 5 gr. to 15 gr. 
Seltzer water, pro])erly prepared, is a mixture of 
sodium bicarbonate, sodium chloride, and magnesia, 
but, as generally sold 
means nothing. There 
are, in addition, aer.ated 
distilled water and car- 
bonated water. 

Preparation of 
Ginger « l:eer. The 
water is first boiled in a 
steam - jacketed copf)er, 
and is then passed into a 
mash-tun, where it is 
mixed with crushetl 
Jamaica ginger. The 
whole is then r\m into a 
settling tank where fruit 
acids are added, and 
the liquid, after reduction 
to proper teinjwrature, is 
drawn off into the fer- 
menting vat, where it is 
mixed with sugar (1 lb. 
fKjr gallon), and allowed 
to ferment for twelve 
hours. Tt is then run 
off and filled into stone 
bottles in s|)iH*ial filling 
machines, after which it is stored for about a fort- 
night, during which time the proper aeration is 
promoted as a resiJt of the fermentation which 
takes jJace. (onger-beer so prepared contains 
from 0'(> per cent, to 1*4 per cent, of alcohol. The 
extreme legal limit is 3 per cent,, but manufacturers 
are warnea if 2 jxjr cent, is exceeded. 

Preparation of Carbonic Acid Gas. 
Many firms still make their own carbonic acid gas 
by adding sulphuric acid to whiting or sodium bicar- 
bonate. To a largo cylindrical tank, half full of 
water, a charge of 2 cwt. of bicarbonate is added. 
Rulphuric acid is then run into it from a reservoir 
situated at the top, and carbonic acid gas, so called, 
IS drawn off by a pump to the aerating machine. On 
its passage it is purified free from nitrates by passing 
through alkaline potassium }iermanganate solution, 
which also removes any spray of sulphuric acid 
wh'oh might be carried over mechanically. This 
method of producing carbon dioxide gives trouble 
on account of the amount of air it is liable to 
contain, hence the use of pur© natural gas. 

Largo quantities of sulphuric acid, in jars, sur- 
rounded with whiting, are shipped to India and the 
Colonies for the production ot carbon dioxide to be 


used in the manufaeture of aerated waters. If these 
jars should break during shipment the acid is absorbed 
by merely converting the whiting into plaster of 
Paris. The empty jars are cleansed, refilled with 
Indian pickles, and shipped back to this country. 
Carbon dioxide is also produced during the process 
of fermentation in breweries, where it is compressed 
into cylinders and sold to makers of mineral waters. 

Perhaps the most advanced method of producing 
the gas is from coke, ^vccording to Stead’s and 
Leslie’s patents. A very ingenious process (Stead’s 
patent) nas been installed by the Idris Company, 
whereby gas of the highest degree of purity is pro- 
duced. The process consists in the main as follows : 
The products of combustion ot special coal or coke 
are forced, under pressure of 20 lb. to 30 lb. i)er square 
inch, into carbonatt* of potash solution, whieli is 
thereby converted into bicarbonate, after whicli it 
is heated with the evolution of pure carbon dioxide, 
and the re-formation of ordinary carbonate. 

Domestic and Automatic Aeration. 

Betailers ot mineral waters (;an now piepare their 
own if they so choose. Attempts have been made 
from time to time to 
introduce a machine tor 
this purpose. From the 
description nlresdy given 
of the manufacture of 
“ minerals ” on a largo 
Rfrale. the principle of the 
ingenious “ inultum in 
parvo” machine kno'WTi 
as the “Consol “ (British 
Automatic Aerators, Ltd.) 
[6] will l>e graK})6d 
readily. 

It enables the retailer 
to deliver at the j)oint of 
consumption an aerated 
water of good quality, 
freshly made for each 
customer, and also en- 
ables him to dis)iense 
with the cumbrous boxes 
of bottles formerly needed 
for bis busmess. 

This machine occupies 
a space only slightly 
exceeding I so. ft., and 
can be fitted to any bar or shop counter. In addition 
to ordinary aerated water, it can be made to pro- 
duce soda, potash, lithia, lemonade, ginger-l)eer, 
ginger-ale. etc., by adding the necessary amount of 
soluble constituents, according to well-knouTi reci]K*s. 

It differs from other “ draught npjjaratus,” such 
as soda fountains, various forms of draught arms, 
etc., in that it manutactures each drink as required, 
whereas ordinary apparatus has to draw from a 
previously manufactured store, which deteriorates 
on keeping. Tlvc entire operation is ])erformed by 
a right and left movement of the handle, which 
o -cupies a jwriod of not tnore than five seconds, so 
that it is possible to draw on draught the equivalent 
of 60 dozen bottles per hour. 

A filter should always be fitted where any doubt 
exists as to the purity of the water, and in all cases 
where it is desired to produce the highest class of 
“ minerals.” Suitable gorni-proof filters have been 
designed for special use with the aerator, all that is 
necessary being to introduce tlio filter at any con- 
venient point in the water supply. 

Aerated Water in Open Jugs. It is 
claimed by some that aeration on a small scale pro- 
duces a different result to aeration in bulk. It is 
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Raid that it so saturates the water with the gas 
(COn)» that it is actually held in solution^ and not 
given off in a violent eruption upon the removal 
of outside pressure. Ihe experiment described 
below may be taken as showing that water aerated 
in bulk does not retain the gas for any length of time 
after .opening the bottles. We cannot undertake to 
sift tlie evidence on this point, and as “ minerals ’* 
from bottles and syphons, especially the latter, are 
consumed almost immediately after opening, we 
need hardly concern ourselves with it. Nevertheless, 
domestic aeration makes it possible for aerated water 
to be served in open jugs, without detriment to its 
sparkling qualities, a point which should prove of 
decided gain le the public. 

The folloM'ing simple experiment illustrates this. A 
tumbler of aerated 


water is drawn 
from the small 
hand machine, 
and a similar tum- 
bler is filled from a 
bottle or syphon 
supplied from an 
ordinary mineral 
water factory. The 
two are left side 
by side for half 
an hour or longer; 
each is then gently 
stirred wdtli a thin 
rod or knitting 
needle. That from 
the bottle will be 
comparatively 
flat, whereas that 
from the small ma- 
chine will “ bead ” 
round the rod and 
effervesce freely. 

Although the 
aerator has been 
designed primarily 
to make and sup- 
ply aerated water 
straight into the 
glass, yet both 
screw - stoppered 
and corked I ottles 
can be easily 
and rapidly fdled. 

Where it is desired 
to bottle under 
pressure, an at- 
tachment is added 
for filling any de- 
scription of bottle, 
jiarticularly suited 
tor ball-8tipf)ered 
bottles (known in 
the trade us cod bottles) 


right way up, when the aerated water finds its way 
back into the bottle. The machine is of cheaper con- 
sthiction, but slower in its action than the “ Consol,*’ 
and it will not deliver direct into the glass. It 
appears to answer its purpose. 

Sparklet Aeration. We will conclude our 
account of mineral waters with a short description 
of the Sparklet syphon (Aerators, Ltd.). By means 
of this ingenious system anybody can make at any 
time and in any place as much freshly tierated water 
as desired. The principle of the system consists 
in the sale of carbonic acid gas strongly compi’essed 
in small steel bulbs which are fitted on to the syphon 
and pierced by turning a screw, which allows the gas to 
escape and saturate the water with which the syphon 
is previously filled. The bulb containing the carbonic 
acid gas, and the 
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6. Consol aerator for l.>ottles 6. Consol aerator for counter supply 

7. Sparklet syphon top 8. Sparklet gas bulb 9. Mineral water l^ottlc 

filler (H. Tooiner &, Co., Ltd.) 10. Sparklet bulb-holder 


This is attached to the 
lerator by removing the delivery vessel. The 
illustration [5] shows the attachment. 

Another Simple Machine for Bottling 
Only. Another machine, worked somewhat 
differently, is shown in 9. In this case the bottles 
have first to bo filled with the water to be aerated 
They are then clamped on to the attachment 
communicating with a tin ball full of gas under 
pressure. By pulling up the lever, the bottle is 
inverted, causing the water to flow into the ball, 
where, by the aid of shaking, it becomes aerated. 


The lever is then lowered, so that the bottle is the 

Mineral Waters concluded; followed by Tea, Coffee, and Cocoa. 


bulb - holder into 
which it is slipped 
neck downwards, 
are shown in 8 and 
10 . T he vase of the 
syphon, the upper 
part of which is 
shown in 7, is filled 
with water to a red 
mark near the top, 
the glass tube is 
inserted, and the 
head sc^re wed down 
without employ- 
ing undue force. 
The bulb - holder, 
containing the 
bulb, is held with 
the thumb on the 
bulb so that the 
neck of the latter 
protrudes slightly 
below the bottom 
of the holder. The 
protruding neck of 
the bulb is now 
inserted centrally 
into the hollow 
formed by a 
washer and gently 
screwed down. In- 
side this hollow 
and projecting 
outward is a pin, 
which enters the 
end of the bulb 
and pierces it, in 
this way admitting 
the gas from the 
bulb into the 
syphon. The bulb- 
holder is screwed 
down gradually, 
shaking the syphon well from time to time and 
continuing alternate screwing and shaking until no 
more hubbies of gas are given off. The syphon is 
now ready for use, but the aeration is improved if 
the syphon be allowed to stand a few minutes 
before drawing off the contents. 

The glass vases are covered with a metal wire, and 
are tested to a pressure of ] 220 lb. per square inch. 

Either plain water alone can bo aerated or small 
quantities of soda, potash, lithia, or fruit crystals 
may he previously added in the form of “spark- 
loids,” thus producing soda, potash, or lithia water, 
or other effervescing drjnks of various descriptions. 
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'THE process of making paper by hand is the 
* same to-day in principle as it was long before 
the Christian Era. The Chinese and Aztecs, 
independently and without knowledge of one 
another’s craft, employed a rough frame covered 
with hair or fibres through which the water 
drained, leaving a wet film of paper on the surface 
to be transferred for drying. To-day not more 
than 1 per cent, of the output of this country is 
made by hand, the rest being made by machinery. 
There is none made by hand in the United States 
and Canada, but considerable quantities on 
the Continent* 

All Imnd-injule papers in this country and on the 
Continent are made from cotton and linen rags and 
hem)). In the East they arc made from the 
native fibres. In a “ hand mill,” as it is called, 
the preliminary processes of dusting, hand sorting, 
boiling, bleaching, “ breaking-in,” and Iieating are 
conducted in a similar manner to the treatment 
of rags in a machine mill, as already described, only, 
of course, on a smaller scale. As only the best 
pa))ers are made by hand, the best rags have to 
DO solcc.tc'd, and every care has to be exercised that 
they arc free from dirt. The beating engines are 
nearly always of the ” Hollander ” tyjK's and of 
small capacity, the moat convenient sizes being 
such as will take 105 lb. to 250 lb. dry weight of 
rags. 

Tub>aizing. The general princi))les of tub 
sizing paper arc more or less common both to ma- 
chine and h »nd mtule pa^iera. but hand-made )>apcrs 
— at least all those worthy of the name — are always 
tub sized with gelatin to make them ink hearing. 
The tub-sizing process is, ])erhapa, the moat difficult 
branch of pa))er-niaking to master in all its multi- 
farious doUiils. 

Waterleaf, or unsized paper, in addition to being 
porous, has little or no wearing qualities, and is 
deficient in strength. It lacks what is appropriately 

but vulgarly described 

as ” guts.” Up to the 
waterleaf stage, for 
ninety-nine purposes out I 
of a hundred such paper I 
would be useless. Th^ I 
gelatin supplies it with 
additional strength, its 
original strength is very 
often more than doubled, 
it makes it inkproof, gives 
it firmness, “ rattle,” 

” feel,” and such de- 
sirable qualities. In the 
trade language, it puts 
guts into it. There is 

as much difference be- 

tween waterleaf and 81. siN' 

sized paper as there 

is between glazed and unglazed earthenware. 

The Sixing Solution. The size solution 
can bo made by extracting wet hide pieces, etc., 
with warm water — a complex industry in itself but 
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one which up to recently the paper-maker had to 
conduct on his own premises : now irocjuently ho buys 
sheets of ready-made gelatin or glue, according to 
his requirements. 

In the latter case the sheets of gelatin arc soaked 
in water for twelve hours, the cold water being then 
run off, and hot water introduced to dissolve 
the gelatin. Alum is almost universally added as 
a preservative and means of control. This is then 
reduced to the necessary consistency or strengh 
with or without the addition of soap. The solution is 
introduced into the sizing trough (34!, which, at 
one time, was a mere tub — hence the name of the 
])roccss — but now consists of a vat heated either 
by steam coils at the bottom or by a jacket, and is 
preferably made of cop^ier. The temperature is 
maintained at 100° F. to 120° F. 

The sizeman ” has to control the quantity of 
gelatin entering the pa))er. This object is to 
get the best sizing effect with the least quantity of 
gelatin. The addition of small quantities of alum 
has the effect of thickening the size, and so reduc- 
ing its penetrating qualities, although, curiously 
enough, if too much alum is added, the size is said 
to he killed ; it becomes thin, and, in consequence, 
will readily penetrate the })aper. This, however, 
is an effect to be carefully avoided. Alum, never- 
theless, affords the chief means of controlling the 
quantity of gelatin that enters the paper. Increase 
of temperature means decreased viscosity and 
increased )^netration. The tem)X‘rature may be 
varied only within certain limits. 

The soap in the size — which, by the way, must be 
of special composition — renders it opaque, somewhat 
improves its colour, and imi^arts to the paper special 
qualities, the chief of which, perhaps, is in rc- 
endering the ))aper more easily cut under a 
guillotine. If no soap were used the knife might 
go through with a bang. Soap also heljis the 
glazing and surfacing under the action of the 

calender rolls, to which 

reference will be made 
later. Alum, if added to 
the chest, causes the 
waterleaf to be less easily 
penetrated by the size. 
As the penetration takes 
time, the immersion in 
the sizing vat must bo 
prolonged to complete 
the penetration to the 
centre — that is, if hard 
sizing is required. The 
squeezing after immer- 
sion removes a part of 
what has jienetrated 

according to the pressure 

LE VAT applied, but assists 

in the removal of the 
air from the centre, which air is replaced by 
gelatin. If the sheets come gradually into the 
solution between perforated felts running nearly 
horizontal in a shallow trough, the saturation tjikes 
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place from the under side, slowly driving the air to 
the top side. This is the modern mode of sizing 
hand-made sheets or cut sheets of machine-made 
paj)er. The sheets, fanned out in bunches in three 
rows abreast, aie placed on a tabic, whence they are 
fed on to a travelling felt, 
which slowly carries them 
through the size. The uj^r 
felt holds the paper doi^m. The 
papc% rising out of the vat 
tlioroughly saturated, passes be- 
tween the squeezing rolls, from 
w'hich it is removed for drying. 

Drying. The proper dry- 
ing of the sized sheet is no 
easy tiisk. It is here that the 
paper-maker frequently fails. The sheets are re- 
moved to a loft and hung in bimches over strings or 
laths until air-dry; the arrangement i* somewhat 
like that used for drying the hand-made waterlcaf, 


copi>er rollers, should rise vertically upwards and 
pass through the “ nip ” of the bronze rolls. Thia 
keeps the inside of the paper air-looked, and so 
retards penetration. 

Making Hand-made Paper. The bleached 
and beaten stuff, containing, as 
a rule, no size or mineral, but 
starch, and sometimes colour- 
ing matter, is now emptied 

into the stuff chest. From 

this it is raised by lifting 

buckets to a small box at the 
head of the vat, with overflow 
back to chest. This gives a 
constant head of stuff for 
supply to tlio vat. 

The vat [31) in which the hand-made paper 
is ir»rodiiced, may be of wood or stone, but 

is usually of iron, lead lined and rectangular in 

shape, and smaller at the bottom than at the tt)p. 
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except that the temi>erature is kept dow'n. To 
produce a perfect result it is imperative that the 
temperature should be l>elow that of the melting 
jKiint of the jellj’ with which the pajicr was sized. 

Tub - sizing 
Machine Papers. 

With machine-made papers j 

the sizing vat is either a g 

continuation of the paper i 

machine itself, coming J 

next to the drying cylin- 
ders or the operation i.s 
conducted in a different 
room by attaching a reel of 
waterleaf paper removed 
from the machine to the siz- 
ing vat The reel is un- 
wound and y)aBScd through 
the vat containing the size, 
then through a })air of 
bronze squeezing rolls, which remove any surplus, 
after which the sized paper is usually rc-rceled. 
If only surface sizing is required, the web should 
dip vertically downwards into the vat [34B], and 
after passing round two immersed wooden or 
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34. TUB -SIZING MACHINERY 


In It is a “ hog,” so called from its turning up 
and disturbing function, revolving horizontally near 
the bottom to secure uniformity and consistency 
of pulp through its entire depth in the vat. The 
heating arrangements by 
steam, ns well as the regu- 
lation of flow to the vat, 
are under easy control by 
the vatman, who stands 
against the middle of the 
front side of the vat, a lean- 
ing board being provided 
for his support. The 
strainer is on his right 
hand, and just in front 
of him, resting on the 
end.s of the vat, lies the 
bridge. 

The bridge, made of 
wood, has several uses ; 
upon its top side half round brass strips enable 
the mould to pass easily and rapidly to and fro. 
It also forms a rest for ths mould, ready to the 
vatman’s hand, and, further, being provided with 
a curved support at its lower end called an 
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“ ass,” the mould with the freshly made sheet 
upon it, rests and drains until taken away by the 
“coucher 

The mould [821 next occupies our attention. 
There are two to each vat, and each is a mahogany 
frame about 1 J in. deep, as light, true, and rigid 
as possible, and of the size of 
the required sheet of paper. 

Transverse brass wires pass- 
ing through and over light 
wooden bars help to keep the 
frame taut, ana form a sup- 
port for the top wire which 
covers its entire siirface. The 
covering wire determines the 
markings of the sheet of 
paper, and, as with machine- 
made paper, are described as 
“ laid ” [32] or “ wove.” 

Those are called ” face ” 
wires and upon them the 
device, name, date, etc., are 
fixed by line win?, and this forms the water- 
mark. Fitted to each mould is the ” deckle,” also 
a light mahogany frame, having a rebated edge 
which accurately fits over the mould frame and 
forms a raised edge above the face wire all the 
way round. Only one deckle is in use to a pair of 
moulds, and it is in the hands of the vatman 
]>racticall 5 ^ all the time. 

The “ coucher,” or 
the man who turns off 
the sheet of ])a]>(*r 
from the mould, stands 
at the bottom end of 
the vat and oi)posit-e 
to the vatman, and 
the ” layer,” usually a 
lad in his apprentice- 
ship, is still further 
away from th ' vat and 
])ractieally in line with 
tlie vatman. These three are a “ vat’s crew.” 

The Vathouse. The vatman, taking a 
mould with its deckle in position, dijis it into the 
pulp which, flowing over the deckle edges, forms 
a. regular stratum on the u]ipcr or wired face of 
the mould. As the mould is lifted clear of the 
pulp a 7 )artial vacuum draws the stratum of pulp 
on to the wire, and then 
with an individuality 
separate and distinct from 
all other vatmen he 
weaves and interlaces the 
fibres hy shaking the mould 
and contents transversely 
and longitudinally, and 
finally by a fillip throws 
the surplus w'ater from 
off the mould ; and within 
the deckle edges lies the 
sheet or sheets of paper. 

There may be two, three 
or oven four sheets on 
one mould, but usually 
only one. It is just hero 
that the secret of ” hand 
madcs ” lies. No me- 
chanical device can, or will, adapt itself to changing 
conditions and perform similar and equal work. 

The Coucher. Meanwhile the coucher takes 
the resting mould with its paper and turns it edge 
downwards on to a pile of soft felts, slightly larger 
than the mould itself. With a rolling motion, also 


peculiar to each man, the mould is pressed face 
downwards, and, as it is again lifted, it leaves the 
jiaper on the felt. The mould is returned to the 
bridge, another felt is laid over on the paper just 
deposited, and then the operation of couching a 
second is rejjcated. This goes on, paper and felt 
alternately, until a “ post ” — 
th'it is, a certain number of 
felts — are piled upon an equal 
numbei^of layers of paper, the 
pile sup])orted upon an elm 
plank, which, with its load, 
is placed under a pressure of 
200 tons .between head and 
table of an hydraulic press. 

The effect is that enough 
moisture has been removexi 
from pa]ier and felt as will 
enable the sheets to be taken 
safely from the felts, and yet 
not to crush the paper. Again 
the post retraces its steps, 
this time to the layer, who takes each sheet of 
paper with both hands, and evenly and exactly 
places them one upon each other, and with his 
right hand throws the felt for the coucher to use. 
In this way with perfect regularity of time and 
motion, the sheets of paper are made, couched, 
and laid, and instead of a post, the wet sheets 
of paper are laid to- 
irether and called a pac.lc. 
The day's work, how- 
ever, is reckoned by posts 
— a certain numWi of 
posts corresponding to a 
given size and sort is 
mutually agreed upon 
between the trade and 
the employer. 

The j»at‘k, as we now 
descrilw tlio sheets of 
paper in bulk, is pressed 
between zinc plates, and then taken to pack sorting- 
room. Here, women and girls sort again every 
single sheet, keeping each pack intact, and these 
arc now sent to the drying loft. 

Drying Lofts. The drying of hand -made 
pa}W8 is usually done on ” cowhair lines,” which 
are found to be cleanly, and leave no stain — an 
important consideration. 
The “ dry workers ” take 
the packs, and with these 
rows of cowhair lines 
overhead, pick up several 
sheets of paper with the 
left hand, and, holding a 
wooden tee in the right 
hand, catch the suspended 
sheets as nearly as possible 
in the middle of their 
lengths, and raising them 
by the tee, pass up one 
end over the hair line. 
Two men work side by 
side, and these lines are in 
frames holding 15 to 25 
lines, long enough to take 
from six to eight widths of 
paper. When filled as described, the frames arc 
lifted up on the shoulders of the dry workers, who 
stand on ladders, and the vertical posts, four to 
each frame or ” room,” as it is called, are fitted 
with movable pegs, which support the weight and 
enable tier above tier to be fix^. 
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The lofts are usually high and narrow ; two rooms 
in width arc rarely exceeded, but in length any con- 
venient number. 'When filled, thousands of sheets 
hang in these lofts, tier above tier regularly in rows 
and even in line. The heat for drying is obtained 
from steam pipes on the floor, ventilation by 
“ louvre ” windows and other methods. Under the 
roof, all lofts should be ceiled, and wooden parti- 
tions effectively divide lofts. When dried, the paper 
is taken down from the 
lines, and it is called 

waterleaf” — that i', it 
is absorbent, really a 
blotting ]mf)cr — and l)e- 
fore it can be used for 
writing and printing it 
must be sized. 

When successfully sized, the sheet of pa]>er may 
lx? written on and erased, written over and erased 
again, still opaque and resisting the ink to the last 
thread. The sizing proc?8s has already been de- 
scribed. The hand-made sheet, after tub sizing, is 
dried on lines in the same manner as the waterleaf, 
but a continuous web is treated differently. 

Skeleton Drum and Festoon Driers. 
For the production of a continuous web the drying 
is effected by 
]»assing it over 
skeleton drums 
in the centre 
of which small 
fans revolve at 
different speeds 
according to 
the condition 
of the pajier 
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made a success. We have already traced the pro- 
gress of the beaten stuff to the stuff chests. These 
are large reservoirs made of wood or metal, and 
provided with mechanical agitators [85]. 

The pulp from the stuff chest is raised by means 
of a stuff pump to a constant head, whence it 
is delivered by an automatic control arrangement 
to a mixing-box, where it is diluted with water, 
and, if necessary, heated by steam. The stuff in 
the chest contains, say, 5 
e per cent, fibre and 95 per 
cent, water. After passing 
the mixing-box, it con- 
tains, say, from h per 
cent, to 1 per cent, fibre 
and the rest water. It 
then flows over a sand 
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These cause the cool air to impinge on the surface 
and accelerate the drying. A long dryer may be suffi- 
cient to accommodate three-quarters of a mile of 
continuous web. Perhaps the more modem method 
is to dry paper by means of a festoon machine. The 
latter iwrinits free shrinkage of the paper, and docs 
not cause a ** quiver,’’ as with the skeleton drunr*. 

When the sized paper is dried it passes over a 
cutter. If necessary, it is slit longitudinally with 
circular knives, and then cut 
transversely into the sizes re- 
quired by the wholesale stationer. 

Single-sheet Sizing of 
Machine-made Papers. 

To obtain the best possible 
results with machine - made 
papers, the waterleaf can be c\it 
into sheets More immersion in 
the sizing trough, when it is 
treated by one or other of the 
methods employed for sizing and 
drying hand-made papers. 

An excellent method of pro- 
viding heat for single-sheet dry- 
ing is by turning the steam 
boiler economiser into an air 
heater. This is done either by 
entirely replacing the ordinary 
economiser or by x>utting down a 
supplementary air-heater. Hot air so produced can 
be u-sed for drying either waterleaf or sized sheets. 

Paper Machine. Up to 100 years ago all 
paper was made by hand. The paper ma<;hine was 
the invention of a Frenchman, Louis Robert, who 
brought his invention to England, where, with the 
assistance of Henry and Sealey Fourdrinier, the help 
afforded by Gamble and Didot, and the ingenuity 
of Bryan Donkin, the invention was ult mately 
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table, a wide trough fitted with numerous cross- 
pieces of wood at intervals of about 3 in. ; in 
between these cross-pieces any heavy impurities, 
such as sand, grit, particles of buttons, etc., settle. 

The Strainer. The stuff then passes to the 
“knotters” or “ strainers.” These are of different 
forms. A common form is the bellows strainer. A 
substantial plate of brass or gunmetal perforated with 
numerous very narrow parallel slots, and ha ving siflcs 

to it — in old 
types provided 
with lugs — is 
fastened to an 
outer frame of 
iron, the bot- 
tom of which 
consists of a 
movable plate 
attached to the 
frame by an indiarublier connection. The plate, when 
in operation, lies horizontally. The movable plate 
forming the bellows is actuatexl by an eccentric on a 
shaft, or by a toggle joint, which gives to it a very 
rapid up-and-down motion or quiver, causing the 
stuff in the “ knotter ” to vibrate and to draw at 
lightning speed in and out of the slots. The principle 
is this. All fibres tend to point in the direction of the 
current. As the current is promoted in and out of the 
slots, the fibres pass through end 
on, whereas all knots, untreated 
stuff, and other particles t<;o 
large for the slots arc retained 
on the surface of the “ knotter.” 
The “retained knotted stuff,” as 
it is called, was formerly removed 
by hand by scooping it out from 
time to time, but is now auto- 
matically removed by an arrange- 
ment which scrapes the surface 
at regular intervals. It would 
be impossible without such con- 
trivances to make clean paper. 
The process of the stuff from 
start to finish is shown in 33. 

The stuff next passes to the 
breast-box of the machine, where 
it overflows a lip on to an end- 
less wire band, which latter, in 
addition to travelling forward at from 40 ft. to 
500 ft. per minute according to circumstances, 
receives a lateral shake to promote the felting of 
the fibres. The wire cloth is supported on a 
number of tube rolls, which are actual by the wire 
passing over them. The formation of foam often 
gives much trouble on the paper machine, detached 

£ articles come away and spoil quantities of paper, 
lany remedies, both mechanioal and chemical, 
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liave been suggested and tried from time to time. 
Perhaps the most effective method of destroying 
the foam is to direct a fine spray on to the 
breast-box or between the sieves, as shown in 
36. A large amount of water drains through the 
wire into the “ saveall,” a tray placed beneath to 
catch it, whence it is returned by auxiliary pumps 
to the mixing-box to be used over again. 

In between two of the suction boxes is some- 
times fixed a ‘‘dandy roll” [S8J, by means of 
which the “ laid ” and the ” wove ” texture, as 
also the water-marking, is imparted to the web. 
The dandy roll rests on the surface of the wet 
stuff, and is revolved by contact with the moving 
wire. It is made of brass or gunmetal, and 
consists of two spindles, one inside the other, to 
which are fitted at regular intervals numerous thin 
discs or flanges as support to the wire gauze 
which covers the roll. It is necessary to provide that 
just sufficient water remains in the stuff as it roaches 
the dandy ; this is controlled by the auction boxes. 
On the surface of this gauze is fastened the water- 


Finished pa|K5r generally reaches the cutter [37] 
or reel [41] in an over-dry condition — that is, 
containing less thao its normal moisture. On 
storage or exposure the paper, of course, regains 
its normal moisture. 

Board Machine. In 1809 Dickinson in- 
vented a machine for making pa|>er on an entirely 
different principle to the Fourdrinier. It consisted 
essentially of a cylinder covered with wire gauze 
revolving vertically immersed in a trough of beaten 
pulp. The water passes through the gauze, leaving 
a film of pai)er on the surface, which wns pressed 
against an upper roll revolving in contact with the 
gauze-covered cylinder, and then passed by means 
of an endless felt to the couch rolls and afterwards 
dried over steam cylinders. These first machines 
were, and still arc, used for making special papers ; 
but the principle is applied in the modern board 
machine. Figure 39 shows a machine on the above 
principle which will make triplex boards. Each 
cylinder gathers up its rpiota of pulp and transfers 
it to a felt which moves in the direction of the 


mark, consist ing of lettering and design. In place of 
vacuum pumps a vacuum ejector is often used where- 
by an absolutely uniform vacuum can bo mainttiined. 

After the suction from the last box, which makes 
all the difference between a ” wet ” and “ dry ” 

surface, the wire 

bearing the web of 
partially- formed 
paper di]>s down and 
passes between the 
“ couch rolls,” the 
top roll of which is 
covered witli a thick 
specially manufac- 
tun»d felt jacket, ' 
made all in one piece 
so as to fit on without ,, 
a seam. Pressure ex- 
erted by this uf)on 
the lower roll bearing 
the wire further re- 
moves the water. On 

the top of the ‘‘ couch 41. LUMSDEN’s 

roll ” is a “ doctor,” 

consisting of a cross-])iece of wood covered W'ith 
felt, pressing tight against the surface so as to 
form a channel along which water can be made 
to flow to remove any dirt or loose material. The 
pajKT, which can now move without a support, 
passes from the couch rolls to the first wet felt, 
which is a continuous web of felt passing between 
8<iueezing rolls where more water is removed, and 
thence to the second wet felt and squeezing rolls, 
and sometimes to a third. The web of paf)cr is 
man<Ruvred so that first the under side and then the 
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arrows. The mass on the f<‘lt, from being one thick- 
ness or ply at the first cylinder, becomes successively 
2, 3, 4, .5, <) ply. The two outside cylinders constitute 
the outside surfaces, which may be of different 
colours and composition. The four middle cylinders 
build up the ” mid- 
dles.” The middles is 
all of one composi- 
tion, and is reckoned 
as one, so that the 
board is called triplex 
because it has three 
distinct layers. Three 
cylinders are enough 
for a thin board, but 
five are needed for a 
thick one, and as the 
thickness of the 
“ middles ” is often 
much more than half 
the total thickness, 

more cylinders are 

P.VTENT KEKLER re(|uired to build it 

up. The outer cylin- 
ders often give merely a thinnish coating of superior 
material, the middles being often made of mechanical, 
broke, and very cheap materials. 

Uses of Wood Pulp. There are a number 
of w^ays in which wood pulp is used outside that of 
making ‘‘ news ” and other cheap papers. One of 
these, which is likely to attain considerable impor- 
tance in the future, is the manufacture of paper yarn. 
This, as the name indicates, consists of continuous 
threads of pa))cr which can be woven into the form 
of a material either with or without the addition 


toj) side comes into contact with the wet felts, thus 
insuring that both sides receive as far as possible 
equal treatment. The web now contains, say, 
27 i)er cent, dry weight of fibre and 73 pt^r cent, 
water. This water has to be driven off by heat, 
a.s pressure has removed all that it possibly can. 
M’his is accomplished by leading the wob in 
zig-zag fashion over cylinders usually heated by 
exhaust steam from the engine which drives 
the paper machine. The web is kept in con- 
tact with the cylinders by the “ dry felts,” and 
when perfectly dry is either passed over the 
calenders, reeled and sold in the rough, or taken 
to the sizing room. The dry felte are ko]>t 
dry by additional cylinders (felt dryers) kept 
straight by autoguidos and kept taut by auto- 
stretchers. 


of a small quantity of cotton, wool, ” shoddy, ’ 
etc., and^the resulting products are likely to prove 
valuable substitutes for jute baggings, coarse tailor- 
ing stuffs, etc. 

If we refer back to the different fibres used 
in paper-making it will be remembered that the 
length varies very much, cotton, linen, and some 
wood fibres being an inch or more in length, while 
straw and e.sparto fibres measure only a small 
fraction of an inch. Although the ultimate fibre 
of jute is short, the filaments, the real spinning units, 
are long. The paper- maker can use any of these 
fibres, but the spinner only the longer ones. This is 
largely owing to the different methods employed in 
the two industries. 

In the manufacture of paper yam, two qualities 
are combined — namely, the felting and spinning 
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qualities. The fibres are first treated so as to make 
paper, which is then cut into long strips. These strips 
are then treated in spinning machinery, similarly to 
“sliver” [see pig;.' 1723], with the formation of 
threads. Although the process is a new one, it has 
already undergone quite a number of modifications 
and improvements. We shall confine ourselves 
to a description of the most recent. 

How Paper is Prepared for Spinning. 
Of the modem methods there arc two, known 
resjiectively as Turk’s and Kron’s processes. Both 
of these start by making a thin sheet of unsized 
pulp, and the fibrous material is usually wood-pulp, 
preferably chemical wood. Although it is quite 
jKissible to introduce rag, hemp, linen, or other fibres, 
it has yet to be proved whether the advantage gained 
would compensate for the extra cost. It is considered 
necessary to form the thin sheet of jiiilp into a 
number of individual strips, to avoid the expense of 
cutting a ready-framed wide web into continuous 
narrow strips, as well as to give the natural or deckle 
edge which, to a paper-maker, has obvious advan- 
tages. Tiirk, W’ho uses a cylinder or board machine, 
fixes to the wire cloth a numlicr of 
parallel mct^l strips encircling the cylin- 
der. As the water cannot permeate the 
cloth where it is covered up by metal 
strips, no fibre is deposited on these 
points, and the sheet of pulp, when 
formed, is already separated into a 
number of strips (orresponding to the 
distance between the strips of metal, or, 
in other words, to the available wi<Uh 
of exposed w'ire cloth. The general 
arrangement is showm in 40 . M is the 
cylinder, of the board machine, F' the 
endless felt, DD' couch rolls, and N the 
condenser. [For a description of the 
action of a condenser, see page 154().J 

Kron proceeds by a somewhat im- 
proved method. He uses an ordinary 
Fourdrinier machine, and divides the 
thin sheet of pulp by numerous fine 
jets of water directed on to it, so that 
a sheet is obtained divided into strijis 
and held together only here and there 
by straj'^ fibres. It is partially dried by 
])assing round a big steam-heated drying 
cylinder, and is then w'ound up to form 
a reel. By w'orking with the Fourdrinier 
machine it is claimed that thinner pulp 
sheets can be produced, the machine can run more 
rapidly, and there is less waste space on the wire 
cloth than in Tiirk’s process. A sheet jaoduced 
on a wide machine may be divided into as many 
as 400 strips. 

Paper Strips Spun. A reel of 8tri])s still 
damp — that is, containing 30 yicr cent, to 40 per 
cent, of moisture — is now taken to a spinning 
frame, by the aid of which each thin strip is twisted 
into a thread. The twisting of the strip greatly 
increases its strength. 

As the strip contains 30 per cent, to 40 per cent, 
of w ater, when twisted into threads the resulting 
threads have to be dried before final reeling. For 
this pur|)ose the material is- placed in special 
drying rooms supplied with hot air. 

The chief use of jmlp yarn, or “ sil valine,” as it is 
called, when prcjiared by Kron’s process will pro- 
bably be to replace jute for preparing coarse 
sacking, jute bagging, etc. Figure 42 is a piece of 
sacking made from paper yarn ; 48 shows samples 
of cord made from the same material. The yarn 
can be dyed as easily as pajwr, either by adding 
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colour to the pulp or by dyeing the woven or spun 
material. Figure 44 is an example of a woven 
d?8ign. 

Papers in Common Use. Even to enume- 
rate in an article of considerable length the 
different kinds of papers now manufactured 
would be an impossibility. The clasu'fication 
b low is merely one to give the student some 
general idea of those kinds of paper which must 
be more or less familiar to him. We have, further- 
more, generally omitted such kinds as have been 
already referr^ to when dealing with the actual 
manufacture of paper. 

Blottino Paper. Formerly made entirely from 
soft rags, but now often made from special kinds 
of wood pulp and other fibres. Should be soft to 
the touch and handle well, and "possess sjiougy, 
pliable qualities. Should be capable of being used 
repeatedly without smudging the wTiting. 

Bank and Loan Papers. These ar' generally 
made of rags with a preponderance of linen. Beaten 
a long time w'ith dull tackle and well sized with 
gelatin. Thin pajwrs with good rattle. 

” Browns.” The best are made from 
Falx' sized with glue or gelatin and “ loft 
dried.” The commoner are made with a 
mixture of jute bagging, and unbleached 
wood pulp. Sized with resin and dried 
over cylinders. Should fold well and have 
good strength and stretclL Improve on 
keeping. 

Book Papers. Edition de luxe, hand- 
made rag papers sized with gelatin, 
leaving deckle edge untrimmed. Less 
expensive, made with a mixture of wood 
])ulp on machine. The best printing 
(jualities got by addition of esparto pulf). 
Common printings made with mixture < 
of chemical and mechanical puljis. The 
commonest for cheap literature, little 
better than “ news.” 

Bible and InIiia Papers. Monopoly 
of one firm in this country, who make 
the finest Bible paper in the world. 
Excellent substitutes in Italian and 
(merman makes. Pleasing surface, and 
very thin and smooth. Highly opaque 
to prevent printed matter from being 
.seen through. A thousand pages of 
thinnest occupy a little over J in. thick- 
ness, and yet hardly show' printed matter 
through w'hen read. Composition and mode of 
manufacture a )>rofound secret. 

Carpridde. Thick papers of various composi- 
tion. Must have good resistance to jienetration and 
stand contact with ]K)wder8. It has recently been 
discovered that, nitro-glycerine exudes through 
some jiapers — rendering the cartridge useless — but 
not through others. 

CorpON. Best hand-made with linen, well sized. 
Si^ecial water-mark designs. Such paper must be 
8))ecially beaten to give a clear water-mark. 

Celluloid Paper. Very thin tissue, specially 
made with pure cotton for nitration and conver- 
sion into celluloid. 

Corpse Wrapping. Very tough, black paper. 
Retains strength when whetted ; very lasting quali- 
ties. Suitable for wrapping and conveyance of 
fish, fruit, and other perishable articles that require 
protection from damp. 

Copying Paper. Thin tissue, usually made 
from rags. Must stand wetting and take transfer 
of ink. Generally British, but sometimes Japanese 
manufacture from native fibre. 
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Chart Paper. Must retain its dimensions and 
surface under changes of atmosphere. 

Cutlery Papers. Usually strong manilla; 
rough texture, good strength and stretch. Must 
be free from all substances calculated to rust 
or tarnish cutlery. Si^ecially made. 

CiOARETTB Papers. Foreign manufacture. Best 
made from rice straw. Thoroughly freed from 
encrusting matter, ash, or trace of chemicals. 
Must possess proper wrapping qualities. 

Drawino pArER*^. Tne best are hand- made 
from rags. Must possess special “tooth,” which 
improves with storage 
and nge. Some d ites 
of “Whatman’s” are 
Hi^ocially prized by 
nrtints on account of 
pleasing surface. 

('heaper drawings 
machine - made from 
rags ; suitable for 
d r a u g h t s m e n , 
engineers, and others. 

All tub-sizi'd witli 
gelatin. Should take 
the wash properly 
and show small hut 
regular expansion 
when wetted so that 

the sheet stretches uniformly flat on drying. 

Duplex Papers. Made on cylinder machines 
one-half one colour and the other half a different 
colour, according to reejuirements. Suitable for 
Imx-making. 7'rif lex made similarly in three layers 
or plies. 

Usually made of commoner material such as 
“ mechanical ” or “ broke ” papers. The outside 
uirface is sometimes made of mixtures of straw and 
chemical ptilp : with or without colouring. 

Filter Papers. Made somewhat like blottings, 
but w'ith special texture so ns to retain sufficient 
strength when wetted. Made mostly from rags. 
For c hemical work specially treated 
with hydrochloric and hydrofluoric 
acids to get rid of ash. Largely 
of foreign manufacture. Hood filter 
paper now made with wood pulji. 

Feather - \>eic;ht Paper-. 

Popular with publishers of books. 

C^an bo made of bleached sulphite or 
of esparto. Bleaching done cjuickly. 

Machine tackle must l^e manipu- 
lated to give large “ bulk.” “Wet 
felt” must be of close texture to 
avoid felt mark. Press rolls and 
couchers should l)e hung a little so 
as to give “ bulk.” 

Insulating Pat’ER. For wrap- 
ping round wires for cable insula- 
tion. Largo quantities used. Tlie 
l)e3t mode from manilla or hemp. 

Very strong, thoroughly thick 
and pliable. Mostly sized with resin. Prepared 
so ns to ensure the greatest possible durability. 
Some now prepared from wood pulp. 

“ Kraft.'* Unbleached paper, mostly Swedish 
manufacture, prepared from a particular kind of 
wood pulp. A large firm are about to make this 
paper in England. Good rattle, hardness and 
stretch. Much in favour for wrapping, etc. 

Metallic and Similar Papers. The fibres 
of papers arc sometimes incorporated with metallic 
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particles, and used for book covers or the surface 
is coated with aluminium, bronze powder, etc., for 
fancy purposes 

Marl Papers. Brown papers with “ marl,’* or 
mottled effect, produced by use of material 
specially manipulated. Strong and excellent. 

Mottled and Marrlsd Papers. Made with 
cotton; linen, cotton and union rags, or with 
specially and separately dyed cotton, jute, wood 
or sulphite wood fibres. The SUurian writing 
papers are made in this manner. 

“ News.” By far the greatest output of all 
kinds, and lowest 
in price. Formerly 
made with rags, 
esparto, but now from 
mixtures of mechani 
cal and chemical wood. 
The cheapest news 
made in England con- 
tains 80 per cent, 
mechanical and 20 per 
cent. 81 bite, sized 
with a little resin. 
The custom of adding 
about 10 per eont. of 
clay is largely aban- 
doned. The l)etter 
qualities contain 
larger proportions of sulphite. 

pAR{mMENT Pat'ER. Made by passing an end- 
less web of paj)er through a bath of 8ul])huric 
acid, which is washed , out and the paper dried. 
S|^cial qualities, strong when w'et, water resistant, 
suitable for protecting foodstuffs against damp 
and air, ns for tops of jam-pots and similar purposes. 
Takes the place of real parchment for Sriich pur^wses, 
where moderate strength only is required. 

Photograthk' Parers. S])ccially made from 
rag. Manipulation of fibres a secret. The best is of 
foreign manufacture. The plant used is of s|)ecial 
constriKition so as to render fibres free from all 
injurious metallic and chemical sub- 
stances. Must have suitable surface 
and stand the washing. Good photo- 
graphic now' made in England. 

Typewriting Papers. Suitable 
composition for high class, 40 i>er 
cent, bleached sulphite, fiO per cent, 
strong linen, well beaten and passed . 
tlirough refiner. Some American 
pajiers are mostly sulphite and are 
very well milled. Sized slightly 
w ith resin. With or without mineral. 

WRrriNG Paper.s. Made for- 
merly entirely of rags ; well sized with 
gelatin, and coloured where neces- 
sary with ultramarine or smalts. 
Loaded with jiearl hardening, and 
sized with resin and gelatin. Now 
increasing quantities of wood pulp 
in admixture. Some WTitings con- 
tain esparto with other fibres. Commoner writings 
contain “ broke,” some “ mechanical,” the rest 
chemical and clay. Sized with resin only. 

WiLLicsDKN Paper and Canvas. Treated in a 
solution of copper dissolved in ammonia, which 
makes the paper strong and rot proof. Suiteble for 
building purposes, and for use where great dura- 
bility is required. Colour generally of greenish cast, 
due to presence of copper, which, however, cem bo 
obviated by substituting zinc for the copper. 
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or M the Morning Star which heralds the appear- 
aaoe of the sun. 

Appmrant Motions of Morcury and 
Venus. The essential poonliarify of the motions 
of Mercury and Venus is that they are never seen 
very far away from the sun. Mercury never 
remains visible for more than an hour or so after 
the sun has set, and Venus is. always seen as an 
eveping star in the west or a morning star in the 
eastern sky. They are never visible, lilce others 
of the planets, right overhead. If we study the 
motions of Mercury or Venus from night to night, 
we very soon begin to perceive their regmar 
changes. ^ Venus, bei^ so much easier to perceive, 
o^rs a very good object for the young astronomer 
to watch from week to week. 

After a while it becomes apparent that this 
planet moves backwards and forwards cm cither 
side of the sun, within a limited range. SuppoM 
that at the time of beginning our watch Venus is 
shining as the brilliant Evening Star after sunset. 
For a time it seems to 
travel farther and farther 
eastward, or away from 
the sun, and consequently 
to remain visible for a 
longer time each evening. 

But the time soon comes 
when we notice that it 
ceases to go farther away 
from the sun ; it remains 
stationa^ for a night or 
two, ana then it logins 
to travel back towards 
the sun until it is entirely 
swallowed up in the solar 
radiance and is invisible 
for a time. After a short 
period of invisibility, 

Venus emerges on the 
other side of the sun and 
consequently becomes 
visible in the morning 
shortly before sunrise. As 
it continues to move to 
the west of the sun, it 
rises earlier and earlier, 
till again it roaches the 
limit of its western motion, 
remains stationary for a short time, and then 
again starts on its eastward journey back toward 
the sun, ultimately to emerge on the eastern side 
of the sun and again become the Evening Star. 

At the dawn of astronomy the Morning and 
Evening Star were snpx)Osed to be distinct l^ies, 
which were named Phosphorus and Hesperus ; one 
of the first astronomical discoveries was that they 
were really the same star, which journeyed back- 
wards ana forwards from one side of the sun to 
the other. The apparent motion of Mercury is 
precisely similar, though loss easy to watch because 
it is confined within much narrower limits. The 
angular distance of these planets from the sun on 
eitW side is known as their elongcUion, When 
they are in a straight line with the sun and earth, 
they are said to bo in conjuneHon, 

The Orbits of the Ewenlng Stare. The 
real ex^anation of these motions is not difficult to 
comprehend. Venus and Mercury both move round 
the sun in roughly circular orbits inside that of the 
earth [22]. Consequently, the effect of perspective 
shows them to us as if they moved in a straight line 
backwarcb and forwards from the sun [28]. If the 
earth were at rest, each planet would complete its 


double osoillation in the period of its year. Venus, 
for instance, would pass from her farthest eastern 
to her farthest western elongation in 225 days. 
But as the earth is also in motion round the sun 
this simple motion is complicated by our own 
motion. Instead of the easterly and westerly 
motions of Venus or Mercuiy being completed in 
the same time, the westward swing appears to be 
completed much more rapidly than the eastward, 
because in the former case the earth’s motion 
assists that of the plopet, but in the latter it detracts 
from it. Thus, Venus moves rapidly from its 
easterly elongation as the Evening Star to its 
westerly elongation as the Morning Star, and 
travels back again much more slowly. 

Its synodic period, or the period in which it 
completes this cycle with reference to the earth, is 
584 days ; more than three-quarters of this period 
is occupied in the slower half of the journey. The 
synodic period of Mercury is 1 16 days. The greatest 
elongation of Venus, or its apparent distance 
from the sun, varies from 
47® to 48®, which means 
that when it is farthest 
away from the sun it 
may be visible for more 
than three hours after 
sunset or before sunrise. 
Mercury’s greatest elonga- 
tion varies from 18® to 28®. 
so that under the most 
favourable circumstances 
it is visible for less than 
two hours before sunrise 
or after sunset. 

Phanen of Mercury 
and Venus. One of 
the first discoveries made 
by Galileo’s telescope 
was that these two 
planets, Mercury and 
Venus, exhibited phases 
like those of the moon. 
The other planets always 
shine with a full circular 
disc, though it varies in 
apparent size with their 
varying distance from the 
earth. But Venus and 
Mercury, when seen through a telescope, present the 
phases with which we are so familiar in the moon. 
These phases will be readily understood by a glance at 
the diagram [28]. They depend, of course, upon the 
fact that the planet derives its light by reflection 
from the central sun, and moves round the sun 
between it and the earth. When at inferior con- 
junction the planet is between us and the sun ; we 
sec only its dark side, or, in other words, do not see 
it at all. a matter of fact, it is then swallowed 
up in the sunbeams, and the only occasion when we 
have an opportunity of testing the truth of this part 
of the theory is when Venus or Mercury passes 
right between us and the sun. It then appears in 
transit as a circular black spot on the sun’s disc. 

At the supeariof conjunction it is beyond the sun, 
and nearly in a straight lino witJi it from the earth. 
At these times we cannot see it at all, because of 
the solar brillianoe ; but if we could see it we should 
see its disc fully illuminated like that of the moon. 
At the times of ffreatest elongation the planet 
appears like a haif-moon; a good field-glass or 
small telescope will olear^ show these pham when 
Venus is shiniitf as the Evening Star, from two to 
three hours after sunset. At othw times the 
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planet ezhibitfi variouB lunar phases, being gibbous 
as it passes from one elongation to the other beyond 
the sun. and waning to a crescent as it completes 
the other half of its orbit. The same explanation 
applies to Mercury, though its proximity to the 
sun makes its phases less easy to follow. 

The Earth as a Planet. The third planet 
in order of distance from the sun is by far the moat 
interesting of all, because it is the earth on which 
we live.^ Some explanation must here be given 
of the way in which astronomers have measured 
the size of the earth’s orbit, or annual path 
round the sun, which affords a basis for all our 
measures of celestial distances. In the first 
place it must be said, though the explanation 
of the fact must be looked for in more advanced 
treatises, that the mathematical theory of astro- 
nomy, based on Newton's law of gravitation, gives 
us all the relative measurements of the solar system 
with great accuracy, but does not determine any 
one of them abscl^Udy. That is to say, if we know 
any one of these measurements, we can easily 
calculate all the others in terms of it. The most 
obvious measurement to use as a basis or unit is the 
distance of the earth from the sim. The early 
Greek astronomers made ingenious but futile 
attempts to calculate this by geometrical con- 
structions, but the problem was too complicated 
for them. Modem researches have been carried 
on by means of two distinct methods, which have 
yielded results practically similar, and have enabled 
us to measure the earth’s mean distance from the 
sun within a very small margin of error. 

The Sun*e Parallax. The first and older 
of these methods depends on what is called parallax. 
Parallax is a name given to the difference between 
the directions of a celestial body as seen from two 
different points. It is the same principle which is 
utilised in the trigonometrical operations of ordinary 
surveying. The surveyor measures the base line 
AB of a triangle [25] in order to determine 
the position of a third point 0. He then sets up his 
theodolite first at A, and then at B, and measures the 
angles CAB and CBA — or, in popular language, the 
difference of direction of C, as seen from A and B. 
When the length AB and any two of the angles of 
the triangle ABC are known, it is a simple trigono- 
metrical calculation to find the length of the other 
sides CA and CB [see Mathematics, pages 6231 
and 6373]. In celestial surveying, or astronomy, 
we begin by measuring a base line on the earth. 

We can now understand the principle on 
which the measurement of the sun’s distance by its 
parall i is based. In the diagram let A and B 
represent two stations on the earth, separated by a 
known distance AB, and let C represent the sun or 
planet whose distance it is desired to measure. If 
two observers simultaneously observe the direotion 
of the sun or planet, and combine their observations, 
we then have a triangle in which the length AB and 
the angles CAB and CBA are all known, and it then 
becomes possible to calculate the distance AC or BC. 

This is merely a rough illustration of the method 
used, w'hich is really much more elaborate, and 
involves a great many minute corrections which we 
have no space to explain. But the principle of it 
will now be clear. Such measurements reauirc to 
be made with the greatest accuracy, because 
the distance of the sun from the earth is so great in 
comparison w’ith the longest base that can be drawn 
on the earth that the difference between the direc- 
tions from which it is seen from any two points at 
the same time is exceedingly smalL 
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There is, however, another quite independent 
method of estimating the distance of the sun. It 
will be clear that wo could measure the distance 
from London to Edinburgh with considerable 
accuracy if we knew that a motor-car, built so 
as to run uniformly at twenty miles an hour, had 
taken a speciffed time over the journey. We 
have a messenmr pf this kind, warranted to move 
with a perfectly uniform speed, in the ethereal 
vibrations which constitute light. It was discovered 
200 years ago that light did not traverse space 
instantaneously, but took a definite time in com- 
pleting a journey of a given length. In the course 
of its yearly journey, the earth moves from end to 
end of the diameter of its orbit — a gigantic base 
line of more than 180,000,000 miles. 

The Sun*a Distance Measured by 
the Speed of Light. The Danish astronomer 
Roemer found that his observations of the eclipses of 
Jupiter’s satellites, whose motions are so well known 
that the times of these eclipses can be calculated in 
advance, varied as much as sixteen minutes from one 
another at different times of the year. Some of his 
observations showed that these eclipses happened 
about eight minutes sooner than the predicted time. 
Six months later the observation was eight minutes 
behind the time given in the tables. It is from 
such discrepancies between calculated events and 
observations made as accurately as possible that 
a great many of the most valuable scientific dis- 
coveries have arisen, since they always point to 
the existence of some previously unsuspected 
cause which modifies the phenomena under study. 

Roemer, on thinking it out carefully, saw that 
the only difference in the conditions between the 
two sets of observations was that the earth was 
at opposite ends of its annual journey; in other 
words its distance from Jupiter, which does not 
move far in six months, varied in that time by 
about the diameter of the earth’s orbit, or twice 
the distance from the sun to the earth. He then 
saw that if he assumed that light took about 
8 minutes to travel from the earth to the sun, the 
discrepancies between his observations and the 
predicted times of eclipses might be satisfactorily 
explained. These eclipses having been calculated 
with the sun as starting point, when the earth was 
at its nearest approach to Jupiter light from that 
planet, bearing the message of the eclipse, would 
reach it eight minutes sooner than the sun, and, con- 
sequently, the eclipse would seem to happen eight 
minutes too soon. Similarly, six months after- 
wards, when the earth had rushed to the other end 
of its orbit, the light would have to pass the sun 
and travel on as far again, and the eclipse would 
appear to h^pen eight minutes later. 

The Fundamental Astronomical 
Unit. It is possible with the exact instruments of 
modem science to measure the velocity of light in 
our laboratories, and from such observations as those 
of Roemer can be measured, with equal accuracy, the 
time which light takes to travel from the earth to the 
sun. This physical method of measuring the sun’s 
distance is quite independent of the parallactic or 
astronomical one, and the two ^ve results closely 
in accordance with one another. From these various 
methods the earth’s distance from the sun is known 
to be about 92,900,000 miles, the probable error 
not being greater than 100,000 miles either way. 
Tliis distance of the snn is the fundamental unit 
of astronomical measurements, in terms of which 
all others are calculated, though we shall see 
when we come to the fixed stars that another 
and larger unit has there to be adopted. 
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only about ^th ^24]. The points in the orbit at 
which the earth is nearest to and farthest from the 
sun are respectively known as the Tperihelion and 
the aphdion. The earth reaches its perihelion 
about December 31st, and its aphelion early in 
July. It would seem at first that the earth should 
be nearest to the sun in summer and farthest from 
it in winter. But our seasons depend upon 
the fact that the earth rotates about 
an axis which is inclined to the plane 
of its orbit at an angle of rather 
more than 23**. This axis always remains 
pointing to the same points in the sky, 
which are known as the celestial poles.' 

'When the earth is in perihelion its 
north pole is inclined away from the sun, 
whence it follows that in the northern 
hemisphere the nights are then longer 
than tne days, and the total quantity of 
light and heat which that hemispWe 
receives from the sun is a minimum, 
while in the southern hemisphere these 
conditions are exactly reversed. Con- 
masses. The Cavendish expefimant con- 28. apparent motion sequently when the earth is in perihelion 
sists in measuring the attraction which OF VENUS mid-winter in the northern and 


When the actual distance of the earth from the 
sun has been found by either of these methods, all 
the other dimensionB of the earth*s orbit cmd the 
rest of the solar system can be calculated from it. 
Another very important unit is the earth’s vnasa, 
which is found by experiment, and from which the 
laws of dynamics enable us to calculate the mass 
of all bthelr bodies which comp^ our system. 
There arc various methods of weighing 
the earth, which all depend on the same 
principle as that by which the mass of 
any comparatively small quantity of 
matter Is determined. 

The Maee of the Barth. 

The most trustworthy of these is that 
used by Cavendish, the famous chemist 
of the eighteenth century, and generally 
associated with his name, though later 
workers have obtained still more accurate 
results from its use. The law of gravi- 
tation tells us that two masses attract 
one another with a force which is always 
proportional to the product of their 




a massive globe of lead has for a small 
pith ball, and comparing this attraction with the 
weight of the pith ball. The weight of a body 
is simply a convenient way of measuring the 
attraction which the earth has for it ; we are, 
therefore, able to say that the mass of the earth 
is to the mass of the leaden globe as the weight of 
the pith ball is to the force with which the leaden 
globe would attract it if placed at the same distance 
away from it as the centre of the 
earth, from which terrestrial gra- 
vitation is measured. The obser- 
vation is a very delicate one, as 
it involves measuring forces not 
greater than the weight of the * § 
millionth part of a grain; but 
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considerable reliance is placed on 
its results, and the density of the 
earth is known with fair accuracy 
to be about times that of water. 

Other methods used for deter- 
mining the mass of the earth, 
such as the Schehallien and the 
Harton experiments, are much less trustworthy, 
but on the whole lead to the same result. From 
the known size of the earth we can calculate its 
volume, and its mass being determined by the 
Cavendish experiment gives us its mean density. 
The actual mass of the earth is fl x lO^i tons — 
or 6 with 21 noughts after it. This gigantic mass 
cannot be realised by any mental process of which 
we are capable. In astrono- Ai 
mical work the mass of the 
earth is taken as the unit to 
which the mass of other ce- 
lestial bodies are referred. 

Thus, the mass of the sun is 
given as 332,000 times that of 
the earth; and Jupiter, the 
largest of the planets, is 317*7 
times as massive as the earth. The smallest of the 
telescopic planets is probably much less than 
n^^th part of the earth’s mass. 

The Orbit of the Earth. The earth’s 
orbit, as we have already seen, is an ellip^ of which 
the sun occupies one focus. This orbit is very 
nearly circular, the eccentricity of the ellipse being 
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mid-summer in the southern hemisphere 
whbn it is in aphelion it is mid-summer in the 
northern and mia-winter in the southern. 

A Model of the Season Chan^M. The 
student will find it quite easy to understand why this 
is the case if he will make a rough model of the earth 
by running a knitting-needle through the core of an 
apple, and trace the equator roimd the middle of the 
apple at right angles to this axis. If he then takes 
a lighted candle to represent the 
sun and moves this model earth 
round it, taking care to keep the 
\v axis inclined at an angle of about 
23® to the plane of the table on 
X which the lighted candle stands, 
he will get a very good idea of 
the seasonal changes which are a 
necessary consequence of such 
physical arrangements. 

He will also see that there are 
two, and only two, points in the 
earth’s orbit at which the plane of 
its equator passes through the sun. 
When the earth is at these points both hemispheres 
are equally illuminated, and day and night are of 
equal length, whence these points in the orbit are 
known as the vernal (or spring) and autumnal 
equinoxes. The points in the orbit at which the 
northern hemisphere has respectively its maximum 
and minimum illumination are the summer and 
winter soUtieeSj because at these points in the orbit 
the sun has reached its highest 
place in the sky and appears 
to stand still for a day or two 
before beginning its reverse 
journey. The sun’s apparent 
motion in the sky is com- 
pounded of the earth’s rotation 
and its revolution in the axmual 
orbit. Every day it travels 
from east to west, because 
from west to east and 
Every year the point 


across the heavens 
the earth is rotating 
carrying the observer with it. 
where the aim evlminatea, or reach^ its highest 
place at nocm, travels steadily upwards in the 
8^ from mid-winter to mid-summer and then 
sinks down again at the same rate. 
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THE DUTIES OF A SAILOR 

81 , 

The Apprentice Sailor. Making^ Knots and Hitches. The 
Management of Sails. Rules of the Road. Signaling at Sea 
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By J. 

'T'HE basis upon which the whole calling of a sailor 
* rests is a sound knowledge of seamanship and 
navigation. Seamanship must be learnt first, for 
there is little benefit in being able to find out the 
position of a ship and the direction in which she is 
to sail if one cannot make her take that direction. 
For this reason the Board of Trade insists that the 
candidate who fails in seamanship shall go to sea 
for six months prior to presenting himself again 
for examination. 

will 
r boy on 

board a sailing vessel will be to make himself 
acquainted with the names and positions of the 
several sails, and more p^icularly the numerous 
ropes pertaining to or in the management of 
them — namely, the f/ards on the masts, and the 
braces by which they are trimmed to the wind. 
Then the halyarda and doumhatds and reef~tackles 
by which they are controlled will have to be 
learned. The majority of these ropes are led 
through fairleads attached to the shrouds and 
backstays on each of the masts, but some lead 
down by the sides of the masts themselves. The 
names and position of these ropes are not difficult 
to learn, but this knowledge is of more importance 
than almost anything to which a boy can give 
his attention. His duties during his watch on 
deck will be concerned with certain articles of 
shin’s furniture — ^namely, the deck- buckets, brooms 
ana scrubbing brushes, swabs and cloths, etc. 
These he will have to get ready for the daily wash 
down of decks and paintwork, and see to their 
being put carefully away after this operation is 
finished. The boatswain’s gear, such as marlin- 
spikes, serving-boards and mallets, spuuyarn and 
marline, tar and grease-pots, used when repairs 
or renewals of ship’s running or standing rigging 
are going forward, will have to be fet^ed ana 
returned 03' the young sailor. He will be in attend- 
ance on the seamen engaged on this work either on 
deck or aloft, and in this manner gains a knowledge 
of how a ship’s equipment is kept in working order, 
and the chafing of gear prevented as much as 
possible. As youngest apprentice or boy, his 
place in his watch on deck at night will be on the 
lee side of the poop, handy to the officer of his 
watch ; he will keep the time and strike the bell 
every lialf-hour, and see that the binnacle lamps 
are kept burning brightly. There is a good deal of 
drudgery for the beginner, but if his heart is in 
his work he will soon be given more responsibility. 

Knots. The princiyial knote that a sailor must 
be able to tie are as follow : 

OvxRHANi) KNOT, OB SIMPLE KNOT [1]. Pasi the end of 
the rope round the standing part, and through the bight. 
The standing part is supposed to be the fixed part of the 
rope, the end is the free end, and the bight is a loop 
formed by the rope. 

Fioube of Eight [21. Pass the end of the rope round 
the standing part, under its own part, and through the 
bight. Its own part is where the end first meets a portion 
of itself which has been used. 

Handspike Hitch [ 8 ]. Hope fastened at each end. 
Make a bight in it. Pass handspike down through bight, 
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imder underneath portion of the rope, and force it up till 
the end, lifting the rope, passes over the other side of 
bight. On pulling out the handspike the rope is again free. 

COMMON Sheet Bend [4]. Two ropes. Form bight with 
1. Take end of second rope, pass through bight of 1, 
and round both parts of 1, and then under its own part. 
This will Jam against the edge of the bight. 

COMMON Bowline [6]. One rope. Some little distance 
from the end form a bight in rope i^th a half twist, making 
p loop. Pass end up through this loop, round standing part 
and down again through loop. 

Beef Knot [6]. Joining two ropes. Make bight in 1, 
T/ith end and standing part side by side. Pass end of 

<» — 1. 1 n 1 j 

throLp.. ... ... 

then bring two ends back to their standing parte, passing 
one part round the other so that two parts of each rope 
pass through the bight in the same direction. 

Cabriok Bend [7). Two ropes. Cross bight of 1. Pass 
end of 2 through bight, over end of 1, round standing 
part of 1, over its own part, and through bight again, 
both parts coming out of bight at different sides. 

Slip Knot. This is the common slip noose of the 
schoolboy. 

Flemish Loop [8]. Make slip knot, and then with end 
make overhand knot round standing part, away from loop. 

Chain Knot and Toggle [9]. Chain knot isasuccession 
of slip knots, known to schoolboys as the drummer’s knot 
or rat’s tail. The toggle is a short bar passed ttough 
the last loop. The chain knot is made by making a bight 
on the rope and crossing it. Pass hand through bight 
and catch standing part. Pull this through, for^ng loop. 
Repeat this for as many slip knots as may be required. 
Pass toggle through last loop, and haul on end to tighten 
up. 

Bowline on a Bight [10]. Place bight over the two end 
parts, and form loop with bight through ; pass bight under 
the two end parts, and bring it back, through wlucb reeve 
ike bight formed by the double parts. 

Sheepshank [1 1 ]. This is a form of hitch used forshorten- 
ing a warp. A piece of the middle of the rope is taken up 
so as to form ikaee parallel strands, or two bights. Round 
the end of each bight a hitch is made with the part leading 
to the end. As long as the strain is maintained the knot 
holds. When it is desired to let out the rope one of the 
long sides of the bight can be prised out, or one of the 
hitches slackened and the end of the bight withdrawn. 

Cat8Paw[121. Take a bight of rope, and from this form 
two bights, holding one part in each hand. Now twist 
each of these bights severiu times, with the result that you 
9iill have two Small loops, each of which terminates in a 
twisted double rope. A spike, bar, or hook of a tackle 
can then be passed through the loops. 

Hitches. These are used for securing pieces 
of timber, for attaching a rope to a hook or shackle, 
and for making fast cargo and weights to be hoisted. 
They must be mastered thoroughly, for on their 
security much depends. 

Half Hitch 113]. Pass the end round the spar and its 
own standing part, and then reeve under its own part. 

Timber Hitch [14]. Similar to above, but reeve several 
times round Its own part. 

Clo^'e Hitch [16]. Pass the end round the spar, crossing 
the standing part. Then pass round spar again, and bring 
end through between the end part and standing part, 
under its own part. 

BouiNO Bitch [16]. Pass end twice round spar, cross- 
ing standing part each time. Then hitch end round the 
spar on the opposite side to the two turns. 

Timber and Half Hitch [17]. Make half hitch first, 
and then make a timber hitch with the end pi^. 

Blackwall Hitch [18]. This is used for suspending 
cargo from a cranerhook. Pass the end round the back m 
the hook, and under Its own part, taking care that the 
two parts of the rope are on opposite sides of the hook. 





SAILOBS’ KNOTS AND HIT0HB8 

1. Overhand knot 2. Figure of eight 8. Handspike hitoh 4. Sheet or common bend 5. Common boirline 6. Beef knot 
7. Carriokbend 8. Flemish loop 9. Chain knot and toggle 10. Boudine on a bight 11. Sheepshank 12. Oatspaw 

18. Half bitch 14 Umber hitoh IS, Glove hitoh 16. Bolling hitoh 17. Timber and half hitoh 18. Blaokwall hitoh 

19. Fishennan's bend 20. Bound turn and half hitoh 21. WsOf knot 22. Crown knot 23. Bye splioe 24 Crutobiiig 

or marrying a splice 


FiSHiBiiAN’a Bbnp C19]. This is used for fastening a 
cable to a shackle or ring. Pass the rope twice round the 
riim, and nut the end throng the turns. For security the 
end must oe tied to the standing part with fine cord, or 
' stopped baok/* as the term is. 

Wattm lt««nkW .an. 0 . . « fOAl 4 .%,^ 


(2) Haul ends taut» shaping the knot evenly with the 
fingers. 

Crown Knot C22]. This is a further oompletlon of the 
wall. Hake wall and then take strand 1 over ^tre of waU. 
Place strand 2 over 1 and 8 over 2» and under 1 ; pull these 
nd the crown is 




With a sound knowledge of these knots the 
sailor will be able to make h» way as far as knotting 


Spllciikg. Splicing is the art of Interlaoing 
the strands of ropes so as to make them praotioaUy 
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one cord. To separate the strands a marlinspike^ 
which is an eza^^rated steel needle, is necessary. 

Eye Spucb. This f28] is the method of making a 
permanent loop at the end of a rope. Take the 
end of the rope and unlay the thr^ strands for 
about 4 in. Then place these against the standing 
part at the spot which will give a loop of the desired 
size. Take the middle strand and after prising 
up one of the strands of the standing part pass 
the free strand beneath it. Pass the other two 
strands, one on each side, under the other strands 
of the standing part, and work the loop up tight. 
•Slightly taper the strands, by pulling on a little of 
the hem-n ^the iisuaI nraetioe is to cut one or more 


and pass them under the strands of the standing 


The ends are now again 

^ process 

time. All ends are now clipped o: 
splice has been well hammer^, and 

spuuyiu'iJ wueu uuuc luc reverse wny w wie lay ui 
the rope is called serving. 

Short Splice. To make a short splice, or join 
between two ropes, the ends of each must be un- 
layed, or unravelled for a few inches. Then fit 
the ends of each rope accurately together, so that 
the ends of one lie oetween the ends of the other. 
This is called erutching or marrying the ropes |24]. 
Now pass each strand over one strand of the 
opposite rope and tuck it under the next strand. 
When this has been done once with each strand 
of each rope, taper the ends a little and repeat the 
process a second time, dip off the ends, and if 
necessary serve with spunyam. 

Long Spijce. This is used where no increase in 
the circumference of the rope is required. To 
begin with, each rope must be unlayed about three 
times further than for a short splice. Then the 
parts are married. Now take one of the strands of 
the right-hand rojie and unlay it still further, 
filling up the ^oove thus made with the corre- 
sponding strand of the left-hand rope. This must 
l)e done till only a short end of the left-hand 
strand remains free. Repeat the operation on the 
left-hand rope, filling up with the corresponding 
right-hand strand. You will now have two long 
strands in the middle, and at some distance on each 
side of them there will be a very long strand and 
a very short one. Deal with each of these three 
points separately. Divide the strands at each 
point and tie the corresponding divisions together. 
Then take the ends at each point thus formed and 
tuck them under the second strand, having passed 
over the first one. Taper the ends and tuck them 
a .second time over a strand and under the second 
from it. Hammer and stretch the rope well and 
cut off all loose ends. 

Worming and Parcelling. Worming is 
filling in the grooves of a ropo with spunyam so as 
to make the surface absolutely smootn, and to 

f irevent water from reaching the heart of the rope, 
t must be done in the direction of the lay of the 
rope. Parcelling is bandaging the rope with 
strips of tarred or oiled canvas about two or more 
inches wide, according to size of the rope dealt 
with. This must be done with the lay of the rope, 
and each lap must overlay the one prior to it. In 
parcelling rigging, parcel from below upwards, so 
that the overlays shed the water. Serving is done 
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against the lay, as we have indioated. The rule is 
easily remem^red : 

“ Worm or parcel with the lay. 

Turn and serve the other way.' 

Purchases and Tackles. For lifting 
heavy weight, and obtaining increased power for 
hauling on the various ropes in a ship a number of 
combinations of blocks and ropes are used. The 
simplest is a single whip, which consists of a single 
pulley over which the rope runs. The pulley is 
made fast to a spar or to some portion of the 
rigging. Next comes a double whip. One end 
of the rope is made fast to a spar or the rigging, the 

runs up and through a second block fastened to 
tV 

iiaui. A gun lacKie is similar, save mai» i/ue enu 
of the rope is fastened to the second pulley, and 


rope is fixed to the single pulley, '^runs up through 
one wheel of the double blo^, then down and round 
the wheel of the single pulley ; up again, then 
round the second wheel of the double block and 
thence to the men or the winch. A runner and 
iacHe is simply a luff tackle, the top block of 
which is suspended from a single whip. A four- 
fold purchase has a double block at the bottom as 
well as at the top. The rope is attached to the 
top block and passes twice through the pulley 
hoW of each before being led to the winch. It is 
a very powerful purchase indeed. A long tackle 
differs from the previous purchase only in being 
made of two single blocks strapped end to end at 
each end in place of a double Diock. The rope is 
attached to the lower of the upper two blocks, 
passes through the upper of the two under blocks, 
through the lower of the two upper, then to the 
lower of the lower pair, and finally over the upper 
of the upper pair. A Spanish Burton is a useful 
tackle for lowering weights (cargo) into a vessers 
hold and is almost solely used for that purpose. 
It consists of two blocks, one cargo-hook and a 
long rope (fall), and can l^t be explained by the 
nnnexed sketch [26]. 



In reeving this purchase it is necessary to know 
I ho distance from position of block A (which is 
generally secured to a span stretched between 
vessers masts in such a manner as to be-vertica) 
over a hatchway) to the bottom of vessel’s hold, in 
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order that the block B may not touch the upper 
block A before the weight attached to cargo-hook 
* C has reached the bottom of hold. The two parts 
mt the tackle-fall are strongly seized together at 
point D after its being rove through the eye of 
'Said cargo-hook and holding same in desired 
position. 

A few days at sea will suffice to teach the would- 
be sailor the names and uses of the various parts 
of the ship, of the standing and running rigging, 
and we will at once give a few rigging details ^ich 
the sailor may well have to perform at sea. 

To Send a Topmaat Down. Ihe same 
instructions apply to a topgallant mast. Reeve 
the mast rope through a block at the lowermost 
head, through the sheave hole in the heel of the 
mast, and make it fast at the other side of the mast- 
head. Come up all the gear, back stays, rigging 
and stays, sway a little and then get the fid out. 
Then lov er away and surge quickly just before the 
crosstrees come on the lowermost head. Send 
down all the gear with gantlines, or auxiliary ropes 
rove through blocks. Single the mast rope and 
lower the mast on deck. 

To Send a Topmaat Up* The same in- 
struef ions apply to a topgallant mast. Lay mast 
on deck, offer aide up, and heel aft. Hook a block 
to eyebolt at one side of the cap, and reeve the 
mast rope from aft, down through the square hole 
in the trestle trees, along the mast, and through the 
sheave hole at the heel of the mast. 

Bring it back along the mast, and hitch it round 
the masthead and the standing part of itself, leaving 
enough end for doubling. Rack the two parts 
together below the hitch. Now hoist awky and 
point the head of the mast through the hole in the 
trestle trees. As soon as it is through, cast the 
hitch adrift and double the mast rope by taking end 
up through trestle trees, making it fast at the other 
side of the cap. Come up (slacken and let go) the 
racking and hoist away again, until the masthead 
is a few feet above the cap, and then lash gantline 
blocks to the topmast head, reeving the gantlines 
from forward and overhauling them down to the 
deck : bend them to the after crosstree legs and 
stop them to the fore ; hoist away till you can rest 
them with the after part resting on the lower mast- 
head, fore part against the topmast, and underside 
forward. Cut the stops, and the crosstrees will fall 
over the masthead, then heave away till the cross- 
trees are in their proper place. Next put on the 
gear of the mast ; for a topmast, first the bolsters, 
then starboard rigging, next port rigging, star- 
board backstays, port backstays, and topmast 
stay last of all; for a topgallant mast, first the 
funnel qr grummet, then the topgallant stay, next 
rigging (starboard side first), and last the bacl^tays. 
A royal mast is rigged the same as a topgallant mast 
In topgallant and royal mast riggings, the gear is 
put over the masthead as soon afi the mast is 
pointed through the topmast cap. This done, the 
mast rope is hauled u}Mn and the mast placed in 
position and fastened by a fid, or otherwise, accord- 
ing to the mast. All rigging is then tightened up 
and made fast. 

Sending Down Yards in a Gale. These 
directions are for topsail yards, and for all above 
them ; those for main or fore yards will follow. In 
smooth weather, such great precautions need not 
be taken, but it is well always to remember the 
sailor’s proverb ; ** Better be sure than soiTy.” 

First unreeve the tie and reeve the vard rove through 
sheave hole at the masthead. Take a hitch round 
the lee quarter, and make the end fast to the weather 


quarter of the yard. Clear the yard of buntlines, 
clewlines, and leechlines, and of foot-ropes from the 
after side of the mast. Lash a preventer parrp.! 
round yard and mast to keep the former close to the 
latter, till all is ready for lowering. Now sway away 
a little, and so take away the strain of! the lifts. 
Unparral the yard, leaving the preventer parral. 
Take the lifts of! ; top the yard and stop the yard 
rope to the lee yardarm. Cast off preventer parral, 
and lower away abaft all and to windward, sliding 
down the other part of the yard rope, or steadying 
the yard as she comes down with a tripping rope. 
The braces are taken off as the yard comes down. 
When a yard is very heavy, a double purchase 
must be used. 

Sending Down Main and Fore Yards. 

These, being very heavy and very long, have to be 
lowcr^ athwart ship. A powerful purchase is made 
fast to the centre of the yard, suspended from the 
lowermost head, or the topmast head. At each arm 
a guy rope is fixed to keep the yard level as it comes 
down, and from the centre a whip is rove throu^ a 
block on the fore side and led well forward. The 
purchase is hauled upon, and then the sling is 
unshackled and the truss unfastened. Then lower 
away, steadying the yard with the guys and keeping 
it close to the mast by the forward whip. To send 
up a fore or main yard, reverse the above proceedings 
exactly. 

To Send Up a Topgallant or Top- 
Gallant Yard. Reeve the yard rope, abaft 
everything and to windward, through the sheave 
hole at the masthead ; overhaul dovm to the deck 
and make fast about the middle of the yard, and 
stop it to what will become the lee yardarm. Put 
all gear on the yard, except the braces. Heave 
away, and when high enough, shackle on the braces. 
Cast off the lee yardarm stop when the centre is 
high enough. Put on the lifts and parral the yard. 
Let the yard take the lifts and haul on the braces. 
Then reeve the halyards and any other gear. For 
heavy yards, a purchase must be used instead of the 
simple yard rope rove through the masthead sheave 
hole. 

Remember that all yards that hoist are supported 
by parral, lifts, and halyards, the lifts and halyards 
taking the weight when the yard is down, and the 
halyards when the yard is up. Fixed yards, such 
as fore, main, crossjack, lower topsail, and lower 
topgallant yards, are trussed. 

To Send a Jibboom Out. Reeve a haul 
rope through a block at the cap of the bowsprit, 
through the heel of the boom, and make fast to the 
bowsprit cap on the other side. Overhaul fore and 
aft stays, back ropes, and guys ; make flying jib 
halyards fast to end of boom, to keep it from trip- 
ping. Heave away till boom is far enough out, 
then down with the heel. C^lamp it and lash 
preventfer round boom and bowsprit. 

To Send Jibboom in. Reeve heel rope as 
liefore, and slacken all gear. Make fl^^'ng jib hal- 
yards fast to end of boom, and heave a little to get 
the heel clear. Get tackle on to heel and haul into . 
place. 

Reducing and Setting Sail. The order 
in which the square sails of a ship are usually set is 
as follows : Lower main topsail, lower fore topsail, 
lower mizzen topsail, foresail, crossjack, main upper 
topsail, mainsail, fore upper topsail, mizzen upper 
topsail, main, fore, and mizzen topgallant sails, main 
fore and mizzen royals. In some ships the crossjack 
is not set till after the mainsail. When reducing 
sails, the general practice is to take them in in the 
reverse order to setting them. The sta3r8ails are set 



and taken in in no regular order. They are Te^ 
nsefol in keepii^ steerage way on a ship, and in 
keeping her on her course ; the officer of the 
watch generally tries to keep at least one set. Here 
is practical example of taking in a setting sail, taken 
from ** Reed’s Seamanship.’^ 

“ In a full-rigged ship, the wind begins to get up.' 
The officer first takes in royals, fi^^ng jib, small 
staysails. The wind increases and all topgallant 
sails are stowed. As it gets worse, each topsail is 
reefed. If the wind gets worse, the fore and mizzen 
topsails are close reefed, or where a ship carries 
double topsails, the upper ones are stowed, the 
courses are reefed, and the mizzen taken in. As the 
gale gains power and the sea gets up, eyerything is 
stow^ but the three lower topsails, the reefed fore- 
sail, and the fore topmast staysail These would be 
kept set as long as the ship could stand it ; then the 
sails would be reduced to two lower topsails, and 
if these could not stand, they would be taken in, the 
fore one first, and a storm sail set. If possible, the 


To Sit a Topqai&aiit Sail, Eotal or Sxvoli Topsail. 
Loose the sail, oyerhaol the gear, haul home the lee sheet, 
then the weather sheet. Hoist the yard tending the weather . 
braoe, and haul tight the lee brace. 

To Taxi in tbi Sa» Olew down the yard, check the 
weather braoe, haul up the lee clew line, bunt fine and leech 
line. Then the same on the weather side and stow the sail. 

To Bxt Uppir Topsail or Uppbr Topgallant Sail. 

rals and sheets o! the sail 
hoist away on the hal- 

away, haul on the down* 
hauls, take in slack of weather brace, haul on the buntlines : 
steady tight the halyards, and braces, placing the yard 
parallel with the lower yard, and then stow the sail. 

To ssT tbx MissBN. Base off the weather vang and boom 
sheet ; let go the toails, haul on the foot outham, and then 
on head onthanl. and when the head is full out tauten up 
everything, and trim sail. 

To Tars in ths Sami. Ease off weather vang and boom 
sheet, haul down the head, slack away the foot outhaul, 
and haul on the lee brails, taking in the slack of the weather 
brails. 

To SXT A Jib. Loose the sail, haul sheet aft, let go down- 
haul, and hoist away on halyards, tending the sheet, and 
when set trim. 

To Bsef an Uppbr Sail. Lower the yard, haul in the 

^ -1 ti. At.. 1^— ... 


Loose the sail ; let go the downhi 
above. Overhaul the gear, and 
yards, tending the weather brace. 
To Tabs IN THB Samb. Lower 


before the g^e reaoh^ its height. Should the 
storm staysail blow away, a tarpaulin would be 
lashed in the rigging to take its place. 

“ The weather moderates, and the three lower 
topsails are set, with the reefed foresail and the fore 
topmast staysail. As it improves, the three upper 
would follow, and then the jib and lower 
staysails. Next, the mainsail and mizzen or cross- 
jack After that, all reefs would be shaken out, and 
lastly the- topgallant sails and royals would be added, 
with any staysails that had not been set.” 

TacKingt or Puttii^ Ship About. First 
give the order “ About Ship.” See that all is clear, 
and the hands at their proper stations. Ease the 
helm down and haul the mkzen boom amidships. 
Order “ Helm-a-lee.” Watch, and as she comes 
to, and shakes, give order ” Tacks and Sheets.” 
When she comes within one point of the wind, give 
order, ” Mainsail Haul” .Down main tack and aft 
sheet. Trim the head sheets and shift helm, if 
necessary, to bring her round. When round enough 
for the head yards to fill — that is, when the maiasail 
is full, and it seems likely that the foresail will fill — 
give order “ Let go and Haul ” ; down tack and aft 
sheet of foresail, brace yards, and haul out bowlines, 
and the ship is on her new coarse. If she will not 
come round, and gathers much stemway, then she 
has “ missed stays,” and you must bring her round 
on her heel. Shift the helm a -lee again, square 
after yards, haul head sheets aft, and brail in the 
mizzen. \^en she gathers headway, shift helm 
a-weather and keep her so till the after yards shiver. 
When before the wind, square the fore yards, and 
as soon as the wind comes to the other quarter, 
haul out the mizzen and brace the yards up ns the 
ship comes on her new course. 

To wear an ordinary shin, brail in the mizzen, 
hard up the helm, and as sne goes off, square the 
after yards, keeping them just shaking. When 
before the wind, square fore yards and braoe up 
for the other tack As soon as the ship begins to 
come to, brace up after yards and set mizzen. 

Setting and TaKing in Saila. Instrao- 
tions for setting and taking in sails are as follow : 

To Sbt a Course. Courses are the lower sails. Loose 
the sail, overhaul all gear, let go Lilts, haul aft the slack of 
the sheet, down with the tack, and haul the sheet flat aft 

To Take in a Coursb. Keep ship well full, steady the 
lilta, ease off the lee sheet a little ; man weather clewgamet 
buntlines and leechlines ; ease away tack and haul on olew 
garnet and bunUlnes. The tack being close up, man 
lee clew garnet bunUines and leechlines, ease away the 
sheet, and haul upon clew garnet, bnntlines and leecmlnes. 
Then stow the sail 
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reel lacKies, ii any, sieaay iigni^ uie naiyaros anaiayaiuxi>. 
Haul out the earings and tie the points, slack away the reef 
tackles, let go lee brace, and hoist yard, tending the weather 
brace as yard goes up. 

To Rbbf a Course. Hook a reef pennant on to the weather 
clew and haul tight the lifta.. Haul sail up the same as for 
stowing, but not quite so high, then haul out reef tackles. 
Lay aloft Haul ont earings and tie the points. Slack away 
reef tackles and set sail again. 

To Shakb out a Rbbf. Haul reef tackles well tight. 
For a course ease tack and sheet ; for an upper sail settle 
the halyards and haul tight the downhauls. Lay aloft 
Each man begins untying points at the middle of the 
yard and works outwards. The earings are eased off to- 
gether, reef tackles let go and sail set 


The Rule of the Road. This is one of the 

most trying branohes of seamanship, and one which 
can be learnt from books. Vessels at night carry a 
red light on the port side, and a green light on the 
starboard side. Steamers also have a white light 
some distenoo up the foremast Now, the primary 
rule is that dU vessels overtaking another have to 
keep clear of the one they are overtaking. With 
this solo exception, all steamers under way have 
to keep clear of every sailing vessel. 

The most common case is that of two steamships 
meeting. If they are end on — that is, when each 
can see all three lights of the other — then each has 
to alter her course to starboard. 


When all three lights you see ahead. 

Fort your helm, and show your red. 

If two steamships are meeting, but are passing 
clear of each other on the starboard side, the neen 
light of the other vessel’s starboard light wfil be 
seen, or on the port side, the red light. By day, it 
is easy enough to see whether the vessels are in the 
proper position for safety. The rule can be 
remembered by: 

Green to green, or red to red, perfect safety — go ahead. 

When two steam vessels are crossing, the vessel 
which has the other on her starboara side shall 
keep out of the way of the other. That is to say, 
that if a steamer is crossing you coming towards 

f rour starboard side, or at night you see her red 
ight, then you have to keen clear ; if she is coming 
the other way, she has to Keep clear of you. The 
fixed rule is thus memorised ; 

If to my starboard, red appear. 

It Is my duty to keep clear ; 

To act as jud^ent says is proper : 

To portk or starboard, back or stop her. 

But when upon my port is seen 
A steamer’s starboard light of green, 

There’s naught for me to do but see 
That green to port keeps clear of me. 

In the event of the lis^t appearing very dose np, 
Txith vessds must do what jnagment suggests. 



TRANSIT 


Sailing Ships Meeting. When two sailing 
ships are meeting, or liable to cross, the following 
rules have to be observed ; 

1« A vessel which is running free-^that is, with 
the wind on the beam, or abaft it — must keep out of 
the way of a vessel which is close-hauled. 

2. A vessel which is close-hauled on the port tack 
must keep but of the way of a vessel which is close- 
hauled on the starboard tack. 

3. When both are running free, with the wind on 
different sides, the vessel which has the wind on the 
port side shall keep out of the way of the other. 

4. When both are running free, with the wind on 
the same side, the vessel which is to windward shall 
keep out of the way of the vessel to leeward. 

6. A vessel which has the wind aft shall keep out 
of the way of the other vessel. 

Every vessel which is directed to keep out of the 
way shall avoid crossing ahead of the oncoming 
vessel if such is possible. 

Vessels which are being overtaken at night shall 
show a white flare over their stern, as a warning to 
the oncoming vessel. 

Direction at Night. To tell at night the 
direction a vessel is steering, the rule is as iollows : 

For Steamships Approachino. If a green light 
is seen, take the bearing and the vessel will be steering 
between six points to the right of that bearing and 
the opposite point of the faring nearly. If she 
was steering exactly to the opposite point of the 
bearing, all her lights would be seen. If a red light 
is seen, the direction will be between six points to 
the left of its bearing, and the opposite {X)int of the 
bearing nearly. 

For Sailiko Vessels. The same rules apply, 
but you must also take the direction of the wind, and 
remember that very few sailing ships can sail within 
six ]:wint8 of the wind, so all directions which lie 
within six points of the wind have to be eliminated. 
For instance, with the wind north, a sailing ship's 
red light is seen bearing due sout^ She must be 
steering between E.S.E. and E.N.E., because, 
though the rule gives you between E.S.E. and north 
as her direction, she could not sail between E.N.E. and 
north, because E.N.E. is six points from the wind. 
Lights and Signals 

Steamships under way carry White masthead light, 
green and red side lights. 
Some have second masthead 
light. 

Vessels under oars or sails, Have ready red and green 
less than 20 tons burden. hand lamp, or a lantern 
showing white light. 

Steamships towing. Two white masthead lights 

vertical, 6 ft. apart. Ked 
and green side lights. If 
towing more than one vessel, 
or if tow be more than 600 H. 
long, then an extra light 
must be shown. 

All vessels not under com* Ilight : Two red lights, 
mand. vertical, 6 ft. apart. Day : 

Two black balls or shapes in 
same position. If making 
way at night, side lights as 
usual. 

Telegraph ships. Xight : Three lights, red, 

white, red, vertical, 6 ft. 
apart. If making^way, side 
lights as usual. Day : Red 
ball, white diamond, red ball 
in same positions. 

Sailing vessels under way. Red and green side lights, 
or any vessel being towed. 

Open Ashing boats under Lantern with red and 
way. green sides. 

Vessels at anchor. White light visible all 

round horizon. If over 1 50 ft. 
long, two white lights, for- 
ward one at least 20 ft. 
above hull, and after one 
15 ft. below forward light. 


Vessel aipround. Lights for anchored vessel 

and for a vessel not under 
command. 

Sailing pilot vessels. White masthead light, and 

flare up at intervals of not 
more than 15 minutes. Also 
side lights at short intervals. 
Steam pilot vessels. White masthead light, and 

red below it. Side lights, and 
flare when anchored, mast- 
head lights and white flare 
as above, but no side lights. 
Vessels drift net and line Two bright iights, visible 

fishing. all round horizon, where best 

seen. Flare at approach of 
other vessels. 

Steam vessels trawling. Same as other steamers 

under way, or red and green 
li^ts to show four faints 
abaft the beam. 

Sailing vessels trawling. Masthead lantern with red 

and green lights showing 
over 12 points each, and be- 
tween 6 ft. and 12 ft. below 
them a white light. Or 
same as ships under way. 

Light vessels out of place, Night : Red light forward, 

and so useless for naviga- and similar light aft. Day : 

ting by. All distinguuhing marks 

struck, and red flags fore 
and aft. 

In thick weath^ vessels are required to keep a 
foghorn or syren sounding at reralar intervals when 
under way, and to ring the ships bell every minute 
when not moving. 

Warning SiRnala* The Morse code can be 
utilised for warning signals, either by giving blasts 
on the foghorn or by flashes of a lamp. Short blasts 
and flashes are of one second's duration ; long blasts 
or flashes are three seconds in length. Between 
each flash or sound, a second should be allowed to 
elapse. Morse alphabet, os used in telegraphy, has 
been given on page 4382. When used in ship 
signalling, dashes are long flashes or blasts, and dots 
are short ones. 

Special signals are as follow : 

Preparatory signal to attract attention etc. 

Answering signal. I understand »•i«•••i»•M••etc 
You are standing into danr*"* 

I want assistance. Stand by me . • • » 

Have met ice . 

Your lights are out or bad 
Way off my ship. Come pi 

Stop ; I have something U. 

Am disabled ; communicate with me 

Between Vessels Towing : Steer more to starboard . 

Steer more to port . . Cast off hawsers .... 

Pilot Signals. By Day: (1) Union Jack, 
with a white border, at the foremast; (2) Inter- 
national Code Pilot Signal PT ; (3) International 
Code S, with or without pennant over it ; (4) Distant 
signal, consisting of cone, point upwards, having 
above it two balls or shapes like balls. 

By Night: (1) Blue light firework every 15 
minutes ; (2) bright, white light just above bulwarks 
shown for a minute at a time, constantly repeated. 

Signals of Distress. Distant signal of 
cone, ]^nt upwards, and above or below it a ball or 
a bundle re.sembling a ball. 

Morse Code V. 

A flare-up or any detonating signal, or a burning 
tai’ barrel on deck, or rockets. 

International Code Signals. These 
are made with coloured flags, as ^ven below. The 
ordinary signals will be found in we ** International 
Code of Signals,” a book which every ship carries. 
The names of vessels will be found in the British 
” Code List,” which is also found on most ships, and 
is supposed to be carried by all. The flags are as 
follow : 

A A burgee, half white, half blue. White next the mast. 
£ » A red Durgee. Also signifies carrying powder. 

C A white pennant with a red spot in centre. Alone 
means Yes.*' 
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D 

11 


A blue pennaat with white spot in eentn. Alone 
moAOi ** No.*' 

^ A red, white, end blue vertically striped pennant. Bed 


F 

0 

H 

1 
J 

K 

L 


•• A red pennant with white Bt George's cross on it. 

■* A yellow and blue pennant, divided vertically in hidl. 
Yellow next mast. ^ ^ 

A square flag, half r^ half white, vertically. Bed 
next mast. 

A yeUow flag with blue spot in centre. ^ 

A flag striped horisontaTly blue, white, blue. Three 
stripes only. 

— A yellow and blue flag, halved vertically. Yellow 
next mast 

**> A flag quartered yellow and black. Alone means 
cholera on board. 


M A blue flag with white St. Andrew's cross. 

N « A blue and white chessboard pattern flag. Sixteen 
squares. 

O -> A red and yellow flag divided diagonally in half. 
Yellow next mast. 

P A blue flag with white square in centre. Means Am 
putting to sea." 

A yellow flag. Means ** Am in quarantine." 

« A red flag with yellow St George s cross. 

S « A white flag with a blue square in centre. Means 
" Pilot wanted." 

T » A red, white, and blue flag. Bed next mast. 

U V A flag quartered red and white. Quarterings vertical. 

V A wmte flag with red St Andrew's cross. 

W "m A red, white, and blue fliag ; red in centre, white round 
and blue round that again. 

X ■■ A white flag with blue St. George's cross. 

Y M A flag stri]^ yellow and red diagonally. Tenstripes. 
Z A flag quartern diagonally. Top quarter yellow. 

Bottom quarter red ; quarter next mast black, 
outside quarter blue. 

Code Pennant, a pennant striped red and white, Ave 
stripes. Red next the mast 

and impcvtant signals are either one or 
two-flag signals, and will be found on pa^ 10 to 19 
of the International Code of Signals,*^ which we 
shall call the ** Signal Book.** Thm>flag sisals are 
either compass signals in degrees and points, on 
pages 20 and 21 ; money, on pages 22 to 25 ; 
measures and weights, pages 26 to 31 ; fractions and 
docimaU on page 32 ; metrical weights and measures, 
pages 32 and 33 : auxiliary short phrases, on pages 
34 to 63, or are general vocabulary on pages 64 to 
414. Four-flag signals are geonaphical signals, on 
pages 422 to 515 ; alphabetical Sj^lling, pages 516 
to 534, or are names of vessels. These last will be 


found in the “ British Code List.’* The names of 


men-of-war have the G pennant uppermost ; 
merchant ships have a square flag uppermost. When 
a ship is signalling, you must keep the code pennant, 
or answering pennant, as it is called, hoisted as long 
as you understand. If you do not understand the 
simal, then dip the pennant, and it will be repeated. 
While waiting between signals, keep the pennant 
at the dip. 

Distant Signalling. When you wish to 

make a signal, and the ^p or point you wish to 
communicate with is too far away for the colours of 


Code flag sign, 4.2.1. Alphabetical sign, 4.2.2. 
Numerals, 4.2.3. End of word or number, 4.3.2. 

With these signals, any of the methods given in 
Signal Book can be used, the distant signs being 
hoisted instead of the flags, (mly, of course, the 
equivalent of each flag must be hoisted separately, 
and when the end of each hoist of flags is reached, 
4.3.2. is sent up. 

Law of Storms* The ordinary casual storm 
which we know in this country is also found at sea. 
It is not a storm following any specific course, and 
BO is not liable to be reduced to rule. The revolving 
storms, or cyclones, which are really dangerous, 
follow definite rules. The first point of importance 
when a cyclone is met is to be able to determine the 
probable bearing of its centre. This is done by 
the following rule : 

Take the direction of the wind, and in the 
northern hemis^ere, from 12 to 8 points to the 
right of the direction of the wind for the probable 
bearing of the centre. In the southern hemisphere, 
allow from 12 to 8 points to the left of the direction 
of the wind for the probable centre. These points 
are allowed as follows : At the beginning of the 
storm allow 12 points; when the oarometer - has 
fallen three- tenths of an inch allow only 10 points ; 
and when the fall is six-tenths, or more, allow about 
8 points for the centre. 

if during the cyclone the wind changes towards 
the right, then the ship is on the right hand of the 
line of progression ; if to the left, it is on the left 
of the line. In the northern hemisphere, in the 
first case, it is advisable to heave to on the starboard 
tack ; in the second case, run with the wind on 
starboard quarter, or, if compelled, heave to on the 
port tack. In the southern hemisphere this would 
be reversed ; with the ship to the right of the line 
of progression, run with the wind on the port 
quarter, or, if compelled, heave to on the starboard 
tock ; with the ship to the left of the track, heave 
to on the port tack. If the wind does not change, 
run with the wind on the starboard quarter in the 
northern hemisphere, and run with it on the port 
quarter in the southern hemisphere, till the 
barometer has ceased falling. 

When the ship is in the line of progression of the 
centre of a cyclone, the wind does not shift, but the 
barometer falls rapidly and the sea increases. When 
the barometer falls rapidly and steadily, the wind 
and sea increase, and the wind shifts about fitfully, 
then the ship is approaching the centre of the 
cyclone ; the opposite conditions mark departure 
from the centre of the storm. 

Storm TracKo* The following are the 
principal tracks taken by cyclones : 

Tw TWTB NoWTW AtT-A-NTTO. .^fnnni 


Four signs are used, namely, a cone, {>oint 
upwards, which we will call 1 ; a ball, which we will 
call 2 ; a cone, point downwards, called 3 ; and a 
square, which we call 4. The following alphabet 
must be read as follows : The first number given as 
at the top of the mast ; the second just below it, 
and so on. Distant signals are only t^ee-sign 
signals. 

8 « 2.4.1. 

T « 2.4.2. 

U « 2.4.3. 

V « 8.1.2. 

W « 3.2.1. 

X - 8.2.2. 

Y * 8.2.8. 

Z - 3.2.4. 


a 

« 1.1.2. 

J 

« 2.1.3. 

6 

1.2.1. 

K 

*» 2.1.4. 

C 

« 1.2.2. 

L 

» 2.2.1. 

D 

-» 1.2.8. 

M 

« 2.2.8. 

£ 

» 1.2.4. 

N 

»» 2.2.4. 

F 

« 1.3.2. 

0 

* 2.8.1. 

G 

« 1.4.2. 

P 

2.8.2. 

H 

* 2.1.1. 

Q 

-= 2.3.8. 

1 

2.1.2. 

B 

- 2.8.A 


ana n. w ., ana wnen m aoouLiaT. sv, i;o me JN., JX.Ji;., 
and E.N.E., gradually increasing in diameter, but 
getting less violent as they expand. They occur 
most frequently from July to October. 

Bay op Bengal. The track runs westerly to 
north-westerly during May, June, October, 
November, and December. 

The China Seas. Cyclones run westerly to 
north-westerly in July and August, and south 
westerly to north-westerly from Sept to Nov. 

'Indian Ocean. Cyofones bqgm generally in 
lat 8 to 20 S., travelling to W.S.W. and S.W., and 
when in 30 S. change to S., S.E., and E.S.E. in 
direction. They expand after that rajfidly, and 
blow themselvesnut They are most frequent frpm 
January to April 
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A SHORT DICTIONARY OF NAUTICAL TERMS 


A.B.— At>le (bodied) leaman. 

Aback— Wind striking forward aide 
( ofaaila. 

u Abaft — Nearer the stem. 

Abeam — Abreast ship ; in the distance 
at right angles to the keel. 

Aboard— Upon or in a vessel. 

Aboutship— Tack, or turn head of ship 
to wind, so that the lee side becomes 
the neather or windward side. 

Ahead — Object. In advance of a vessel. 

Aloft— Above deck, in rigging. 

Astern— Behind. 

Athwart— Across. 

Avast — Stop. 


BACK A SAIL — Let wind press on fore 
side of sails to stop ship’s way. 

Backstay — Rope supporting upper 
mast, secured to gunwale abaft same. 

Batten down — Faston down all hatoh- 
ways by means of covers or tarpaulins. 

Beam — Extreme width. 

Beam ends — When a ship lies on her 
side so far as to be unmanageable. 

Bear up or away — Steer for desired 
point or destination. 

Bearinsr— Direction. 

Beatlpg — Zigzag progressing of a 
sailing vessel against head wind. 

Belay — To secure a rope. 

Bells — Half hours of a watch struck 
on ship’s bell. 

Bend — To fasten: sails are bent to 
yards or to stays. 

Bight — A loop in a rope ; the middle of 
a slack rope suspended horizontally. 

Bilge— A channel at bottom of ship 
each side; the union of the flat of a 
vessel’s bottom with Its sides. 

Bltts — Appliance constructed of Wood 
or hollow cast iron fastened to upper 
deck or rails, for the belaying of 
hawsers, warps, etc. 

Block — A pulley. 

**Blue pigeon” — Seaman's term for 
hand and deep sea lead. 

BollaPdc— see oitit. 

Bolt rope— A rope of superior quality 
to which the canvas for sails is 
attached. 

Booms — Spars of light character. 

Bow — The fore ena of a vessel. 

Bowers — The principal ancliors. 

Bowline— A rope to bow leech of sail 
forwards; a knot; ” to sail on a bow- 
line ” ; to sail close to the wind. 

Box — To ** back ” all foresails ; to name 
the 82 points of the compass. 

Braces — Ropes from yardarms by 
which sails arc trimed. 

Brace up — Haul yards further for- 
ward. 

Brail up— Take in sails attached to 
masts by the brails. 

Break bulk— Commence discharging 
cargo, 

Brtn^ to — To stop a ship by anchor or 

Broach to— To come to the wind 
against the helm. 

Bulkhead — Partitions of wood or iron 
by which compartments are formed ; 
or transverse water-tight divisions 
In vessel’s hold, usually constructed 
of steel or iron plating. 

Bunk — Seaman’s bed on board ship. 

Bunt — Middle of furled sail ; buntline 
ropes from foot of sail to haul it up. 

Bunting — Light fabric of which flags 
are made. 


CABLB-LAID— Aropeof nine strands. 
Cant — To turn over. 

Cap — Fitting joining upper and lower 

masts. 

Capstan— A vertical winch worked by 
steam or by capstan bars. 

Careen— To heel over till part of 
bottom is out of water. 

Cast off— To let go. 

Cat block and fall— lArge block and 
ro))e for hoisting anchor. 


Cathead — Projecting piece of timber 
on each bow. It is fitted with sheave 
holes, through which a purchase, 
called a cat-fall, is rove for hoisting 
anchor from hawse pipe to cathead. 

Chain-hooks — Iron rods about three 
feet in length, hook-shaped at one end, 
for handling cables or other chains. 

Chain-looker — A trunk made of wood 
or iron, usually situated underneath 
the windlass, and extending from 
deck to keelson, used for stowing 
chain cables. 

Chain plate — Iron plate fastening 
deadeyes of rigging to gunwales. 

Cleat — Appliance used in belaying ; 
piece of wood to reeve anything 
through. 

Clew or sail — Comer to which sheet is 
attached. 

Clew line — Ropes for hauling up clews 
of square sails. 

Clew garnet— Ropes for hauling up 
clews of ^uare sails and courses. 

CleW'Up — To haul up square sails to 
yards by attached gear (ropes). 

Club haul — To tack by letting go and 
then slipping the hawser attached to 
an anchor. 

Coamings — Frame of hat^'hways ex- 
tending above level of deck. 

Courses — Foresail and mninsail and 
crossjack of Square-rigged vessels. 

Crank — Top heavy, easily heeled over 
on to side. 

Crosstress — Spreaders on masts to 
support topgallant rigging. 

DAVIT — A crane to lift boats or 
anchors. 

Deadeye — A block of wood with three 
plain holes; a rigging frame. 

Deadlight— Cover or shutter, fitted 
to protect the glass of a skylight 
or sidelight during stormy weather. 

Derrick — A smr of wood or iron held 
by guys and topping lifts for lifting 
weights. 

Dog Watches— From 4 to e and 6 to 
8 p,m. 

Downhaul — Rope attached to head- 
cringle of fore-and-aft sails for 
furling same. 

Drag — ^An anchor not holding drags. 

Draught — Depth of ship’s immersed 
surface below waterline. 

Draw— When soil takes the wind 
properly. 

Draw-bucket — Appliance made of 
canvas in the shape of a bag, with a 
strong hcK)p fitted to keep the mouth 
of same open, to which a rope lanyard 
is attached, used for drawing water 
from over side. 

Driving — Dragging anchor in gale or 
tidew'ay. 

Drop of sail — Distance from foot to 
yard. 

Dunnage — Odd wood placed in 
stowage of cargo as required. 

■AIIINQS — Upper oornors of square 
sails and ropes fastening them. 

Ease helm — Move it more amidships. 

Ease her— Go slow. 

Ease off — Slacken rope. * 

Even keel — Drawing same w'ater fore 
and aft. 

FAIRWAY — Free passage to or from 
harbour; deepest channel. 

Fall — Part of a tackle hauled upon. 

Fill — To make scdl take wind. 

Fish — Strengthening piece of wood or 
iron. 

Fish davits, blocks, fall, etc.— Crane 
and tackle for hoisting flukes of 
anchor. 

Flatten sail — ^To make it taut. 

Flowing sheet— Sheet eased off to 
fair wind. 

Foot-ropes— Ropes below yards on 
which sailors stand; rope attached 
to lower side of sails. 

Fore and aft— Lengthways of keel. 


Forecastle — Forward part of upper 
deck. Sailors’ quarters (geueralfy). 

Foul — Entangled, contrary, dirty. 

Freeboard— Distance between deck 
and waterline. 

Furl— To roll up square sails and secure 
to yards. Others are stowed or made 
fast. 

DAFF — Small spar abaft a mast to 
which the head of a fore-and-aft 
sail is bent. 

•Galley — Cooking place on board ship. 

Gangway — Entrance to ship. Nar- 
row passages fore and aft. If under 
bridge or upper deck, called “ ailey- 
w'ays.” 

Gantline — Small rope rove through 
single block, used for lifting or 
lowering purposes. 

Garboard — Lowermost strake of out- 
side plating, and connected to the 
keel. 

Gaskets — Plaited bands, generally 
small manilla rope, to secure furled 
sails. 

Ground-tackle— Term applied to a 
vessel’s anchors and cables. 

Guys — Ropes to keep small spars in 
position. 

Gybe — To let fore-and-aft sail shift 
from side to side by action of wind 
changing from quarter (of ship) to 
quarter. 

HALYARDA— Ropes for hoisting sails. 

Hard down or hard a lee— Position of 
helm the reverse of hard up ; com- 
mand given in tacking ship. 

Harness casks — Teak wood bar- 
rels of peculiar shape for holding 
salt beef and pork for immediate 
use. 

Haul up — Alter course to windward: 
to furl a sail. 

Hawse holes, pipes, etc.— Partofsliip 
through which anchor cables run. 

Headsails — Jibs and fore topmast 
staysail. 

Heave in stays— To come up into the 
wind while tacking ship. 

** Heave or cast the lead** — Com- 
mand given when depth of water 
in whi<m vessel is sailing is desired 
to be known. 

*’ Helm’s a lee** — Helm is down. 
Answer of helmsman to order given 
In tacking ship. 

Home — When sheets are close to yard, 
or when anchor is at liawse pipe. 

Hove to — To lay aback main pr fore 
yards in order to stop ship’s progress ; 
in heavy weather to keep ship’s head 
(or bow) as close to the wind as pos- 
sible. 

IN IRONS— When ship will not obey 
helm in tacking. 

In stays — Term used when the 
inanceuvre of tacking ship is being 
performed, and vessel has lost 
lieadway. 

JACKSTAV— Tight rope to which 
others are fastened; the iron rods 
secured to yards by eye bolts to which 
sails are attached. 

Jacob’s ladder— Rope sides and wooden 
treads. 

Jettison — To sacrlftce, by throwing 
overboard, part of a vessel’s cargo 
in order to lighten her, with a view 
to saving the vessel from some 
imminent danger. 

Junk — Old, condemned rope. 

Jury mast, ete:— Temporary substi- 
tutes. 

KRDQINQ — To move by means of 
small or kedge anchors. 

Keelson — Timber or iron vertical 
plate on top of keel. 

Keep away — steer farther from wind. 

** Keep her Full ** — Command given 
when sldp’s sails are not filling 
properly. 
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Keep to the wind V Steer nearer to 
Keep youp luff / wind. 
KentlMre — Pigi of iron or lead 
when need for permanent ballast. 
Knot — nantioal mile. 

UtOOUmNCI (of a vesseiy— EolUng 
and pitching in a heavy sea. 
Lanyard — A rope for tightening 
larger ropes. 

Lash— To secure by ropes. 

Lay to— To stop ; to heave to. 
Lazaret — A compartment above the 
after peak in a vessel for the stowage 
of provisions, etc. 

Lead — Weight, usually made of lead, 
to ascertain depth of water. It is 
often ** armed ” — a cavity in bottom 
of lead filled with tallow, to find 
nature of bottom. 

Lee— The side to which wind is blowing, 
opposite to weather. 

Leech — ^Sither side of square sail. 
The sides of trianjrolar sails are 
named leech, luff, and foot. 

Leech Lines — Small ropes attached to 
leeches of square sails and used 
in clewing up same. 

Leeway— llrift to leeward: out of 
course indicated by compass. 
Lifelines — Protection lines on yard, 
emars, or on deck to hold on by. 
Lift— Rope near end of each yard 
to lift It or top it up. 

List — Heeled over from upright 
position. 

Load line — Water line along ship’s 
side when fully laden. The statutory 
mark painted on outside plating or 
planking amidships of British vessels 
beyond which they may not be loaded ; 
thus -0- (upper edge of bar passing 
through disc most not be submerged 
in salt water). 

Luff— An order to steer nearer the 
wind: the fore part of a staynuiil, 
trysail, or Jib. 

Lying to— Keeping ship’s head close 
to the wind, under storm soils, 
during stormy weather attended 
with a heavy sea. 

MAKS SAIL— To set saiL 
Marl — To secure things by a row of 
half hitches. 

Marline spike — Steel spike used for 
splicing and rigging. 

Martingale — ^A ta^le and spur to 
prevent Jib-boom from topping up. 
Midships — The centre line or middle 
section of ship’s deck. 

Misstays — To try to tack and fail. 
Moorings — Chains, hawsers, and 
warps used for securing a vessel to 
a quay or ^arf. 

NKAPBD — ^To be in dock or on shore 
when neap tides do not provide 
enough water to float ship. 

Near— Helmsman is too near the wind 
when steering by same. 

Nip — Part of rope subjected to greatest 
strain. 

“No higher*' — Command given to 
helmsman when ship’s course is 
directed too close to the wind. 

Nun buoy— Double cone buoy. 

OPPI NQ — Distance from shore. 

Off the wind— Not so close as she 
might be if sailing on a wind. 

Orlop deck— Lowest in large ships. 

O.S. — Ordinary seaman. 
OverhauIHSlacken tackle; to examine; 
overtake. 

PAINTBR — Rope by which boats are 
made fast. 

Palm-— Implement made of stout 
leather, into which a steel indented 
disc is fitted, used by sailmakers to 
protect the palm of the hand when 
lorcinff a sail-needle through canvas. 
Parbueklo— Hoist by rolling a thing in 
the bight of two ropes. 

Parcel — To cover a rope with strips of 
canvas. 

Parrel— Circular hinged band of Iron 
round mast and secured to yard. 


Pay a ■gam— To flU It with melted 
pitch. 

Pay away or out — ^To slacken ; to run 
out ; generally applied to cables or 
warps. ^ 

Pay off— To sail off the wind ; to pay 
and dismiss crew. 

Peak — Onter part of gaff and of gaff 
sail; compitftmentt at extreme ends 
of hold. 

Pendant — ^Large rope with tackle 
attached. 

Plain sail — ^AIl except studding sidis. 

Pooped — When wave comes over stern. 

Preventer braoe or stays—Addltlonal 
sum>orts to spars during a gale. 

Purenase — ^A tackle or lever. 

QU AIITBR — Part of sides near stem ; 
middle halves of yards. 

RAKB — Inclination of masts aft or 
forward from the perpendicnlar. 

Ratlines-I^ders made of rope secured 
to the shrouds of masts ; also the 



for reefing them by. 

Reef tackles and pendants — Lines 
for hauling up leeches of sails before 
reefing. 

Reeving line — Small line passed 
through block to drag larger one 
after It. 

Rendering — Slipping, not holding. 

Right thelielm—Br ing it amidshijps. 

Rmling taekie — Bopes to relieve 
strain on yards in bad sea. 

Round down — ^To overhaul. 

Round to — Heave to. 

Rudder — An appliance fastened to 
stern-poet by means of gndeons and 
pintles, which controls the direction of 
vessels' movements when under way. 

Running rigging— All ropes used in 
handling sails or yards. 

SAQ TO LBKWARD—DIfference be- 
tween ship's course as sho^n by 
compass and that actually made. 

Sail close to wind- Sails of ship barely 
full. 

Sail ft*ee— To keep sails clean full ; off 
the wind. 

Scarph — The connection of two 
pieces of timber or iron by shaping 
and overlapping their ends. 

Scudding— Eunmng before gale. 

Scupper— Channel at side of decks, 
for water to nm off by, through holes 
pierced in vessels’ sides for that 
purpose. 

Scuttle — Hole in side for light and air ; 
to sink ship purposely. 

Seizing — Small cordage, or flexible 
wire, by which two pieces of rope 
are firmly bound together. 

Serving or service— Covering of rope 
with spun yarn or other protection. 

Shackle — A U-shaped Joining for 
chains. 

Shears — Two large spars like an in- 
verted V for lifting heavy weights. 

Sheer — ^To swerve from course; the 
carve of the deck line between stem 
and stem. 

Sheet— Rope holding lower lee comer 
of sail. 

Sheet home— To haul sheets attached 
to clews of sails to position when 
setting same. 

Shift helm— To put It over the other 
way. 

Shorten sail— To take in some sails. 

Slew — To tom or cant. 

Splioe— To Join two ropes by inter- 
twining strands. 

Spunyam — ^A thin Use of two or three 
yams of loosely twisted tarred hemp. 

Square-rigged— Having yariM on the 

^ masts. 

Stand by— Be in readiness. 

Standing part— Fixed ends of running 
gear. 


Standing rtgaring— AU fixed ropes and 
wires of shirs equipment. 

Staysails — Small saHs set on stayi 
between mssts. * 

Stevedore— Man who loads or dis- 
charges shins* cargoes. 

Stlffhess— Stability under sail pressure. 
Studding sails— Small suxiUary square 
sails now rarely fonnd. 

Surge— To slack back quickly. 

TAOK— The lower weather comer ol 
every sail: to change conise by 
bringing wind ahead and round to 
other side; opposite to wearing, when 
wind is brought astern. 

Taken aback— When wind suddenly 
shifts and all sails are thrown back. 
Taut— Tight. 

Thimble — An Iron ring in a r<^. 
Throat — Upper comer of gaif sail near 
mast. 

Threat halyards — For hoisting end of 
gaff next mast. 

Thwart — Across. Cross seat in a boat. 
Tiller— Lever to shift helm. 

Top— Platform on crosstrees of lower 
masts. To top a yard is to lift up one 
yardarm lUgher than the other. 
Traverse— To make several tacks. 
Trestletrees — Wood or iron supports 
for crosstrees and standing figging. 
Trloe — ^To haul up. 

Trim a ship— To load her properly 
and ensure balance. 

Trim sails — To brace yards and adjust 
sheets. 

Trip anchor — To break it out of the 
ground. 

Truck — Disc or ball at top of mast 
with sheaves for signal halyards. 
Trusses — FttUngs to keep centre of 
lower yards to mast. 

Tiwsail — ^Triangular sail attached to 
lower masts, sometimes termed 
storm sail. 

Tye — Large rope on which halyards 
act when hoisting a yard. 
UNRBND— To untie and take off 
anything made fast, as casting 
adrift a sail from a yard or stay. 
Under way — Moving under control 
of helm. 

Underwriter — One who insures a 
vessel or her cargo. 

Unmoor — To release a vessel from 
ropes or chains by which she has 
been held stationary. 

VANQR— Ropes to steady gaff. 

Veer — To slack out hawser or cable. 

Once was term for ” wear.” 

Veer and haul— To pay out and haul 
in. The fluctuation in the direction 
of Wind. 

WAIST — ^Middle part of ship’s fore- 
and-aft line on deck. 

Wake— Track left in water ; in way of. 
Warp— Small hawser. 

Warping — Transporting a vessel by 
means of warns or hauling lines. 
Watches— Periods of four hours each, 
commencing at 4 a.m., with the ex- 
ception of the dog watches, which are 
two hours. 

Wear ship -see taek> 

Weather gage— Bearing to windward 
of. 

Weigh— To raise the anchor. 

Whip— Single rope passing through 
block to increase purchase. 
Whipping— Binding at end of rope to 
prevent fraying. 

Wlndsall— Ventilator made of canvar. 
“Work to windward **— Term used 
when a vessel Is beating against 
adverse winds. 

Worm— To fill grooves In a rope with 
twine or spunyam. 

YARD— Spar with spread sails. 

Yaw— An accidental swerve from 
course. 

Yoke — Small piece of bard wood 
fitted at tlM angles to the head d 
a boat’s rudder, to which lines ar 
attached for steering the boat. 
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Pistola* The present type of pistol has a 
steel rifle barrel [1] fixed or with a drop-down joint, 
with fixed breech parts containing the striker and 
mechanism. The barrel is forged steel and rifled, 
the lock plates are of iron and steel, stamped and 
milled, and the action part springs. The butt is of 
walnut. The barrels are blued or browned. But 
the pistol has been almost superseded by the 
revolver and automatic pistol. Many revolvers 
and guns were made during the last two centuries 
having the cylinder revolved by hand, but the 
metallic centre-fire cartridge has enabled a great 
advance to be made. 

Modern Revolwere. The simplest modem 
type is the single-acting “Colt revolver" [2]. 
In this the cylinder, which contains six cartridge 
chambers, is made to rotate by the action of cocking 
the hammer. This causes pawls to engage in 
ratchet teeth cut in the rear face of the cylinder, 
and moves it one-sixth part of a revolution, and at 
the same time a small catch or latch engages 
in the recesses in the ]:)eriphery of the cylinder. 
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of pistol has a relation to eac 
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and locks it in position till the shot is I \ 

fired and the lock is cocked again. L ^ 

In a later type the cylinder was swung 
out sideways to give self extraction [8]. This 
revolver had a solid bridge frame [FR in 2j. 
The frame or body is stamped hot — that is, forged 
by drop hammer between top and bottom dies. 
The fins of extended metal are dressed off by 
finning dies, and the stam^ung is then placed in a 
clamp jig or fixture for machining and the base pin 
hole is drilled through; the pin, previously pre- 
pared, is then insert^ in order tnat each subse- 
quent operation may conform with this centre. 
The frame still in the fixture is faced, the recess 
for the cylinder is machined out, and the barrel 
hole is drilled and tapped. The stock 
is shaped and spring beds recessed ; 
all holes are then drilled and tapped, 
through the hardened bushes oi the 
fixture. The frame is recessed for the 
hard steel shield which takes the I 

thrust of the cartridge base. 

The Cylinder. This is either 
forged or of special rolled steel. The 


relation to each other and the corresponding 
chambers ; also, at the rear end, the ratchet teeth are 
cut. The limbs, or parts of the action, are of high 
^ade steel stamped hot approximately to their 
finished form, and also machined in jigs or fixtures 
by automatic tools. 

The Barrel. The barrel is bored, rifled and 
screwed ; the outside is turned, the component 
parts are finished off by filing, and after harden- 
ing and tempering, they are sent forward in the bulk 
for section viewing — that is, for detail examination 
by gauges and to be assembled from promiscuous 
heaps, each part being thoroughly interchangeable. 
The sear and spring are then adjusted, to give a 
slight pull off, and the sighting corrected. Given 
these conditions, a champion revolver shot can fire as 
rapidly and accurately with a single-action revolver 
as with a double-action automatic [described later], 
the latter having a somewhat dragging pull. 

Webley*» Revolver. The next advance 
was a double-action revolver, Webley [ 4 ], in which 
the revolving of the cylinder and cocking the lock 


( ^ revolver 

I c I was done by trigger pull, and 

/ \ therefore, after the first shot, 

/ \ each pull of the trigger fires a shot and 

^ brings round another cartridge. 

The frame is made of a solid steel stamping, forged 
under a drop-hammer in recessed dies, and milled 
out to receive the cylinder and drilled, all the 
work being done by the clamp jigs and fixtures to 
gauges with a maximum and minimum allowance, 
usually about '002 in. to ‘004 in., depending on the 
requirements. All the operations start from one 
face or point to ensure accuracy. The limbs are 
crucible steel stampings, machined all over in special 
jigs, by plain or finger mills or former mills. Kach is 
tempered or case hardened where required, and in- 
spected and tested, and the holes 

f lapped out and the sears adjusted, the 
holes being tested by plug gauges 
through plates to see that they are 
at right angles to the part. 

The cylinder must be truly con- 
centric with the axis pin and the 
chambers co-axial with the barrel and 
in line with the striker, when the 


centre axis pin-hole is first drilled 8. SWIKO-OUT cylinder of cartridge to be fired arrives at the 
through and the cylinder is faced. The colt service revolver upper position. This must also be 
chambers are drilled and bored six at assured by the latch engaging the 


chambers are drilled and bored six at 
one time, in a multiple drilling machine ; afterwards 
they are accurately chamber^ out to suit the cart- 
ridge. The front face of the cylinder is well fitted 
to prevent, as far as possible, the escape of gas. In 
the periphery of the cylinder the channels arc now 
out; also the slots for the latches are accurately 
milled out to an index plate to ensure true pitch, in 


assured by the latch engaging the 
corresponding recesses in the cylinder ; moreover, 
the ratchet teeth on the back face must engage and 
disengage at the right moment, as must ako the 
sears and bents, so that the motions synchronise. 
In others the barrel is swung down on a pivot 
below the axis joint pin, and the extractor is made 
to push out the cartridges. An extension of the 
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4. webley’s eevolveb, mabu tv .,' dottble action 

1. Body 2. Barrel and axle eomidete S. Cjlludef cam 4. Cam lerer S. 0am lever screw S. Btook 7. Trigster guard S. Cylinder and extractor 
complete f>. Cartridge came ejected 10. Barrel catch 11. Hammer catch 12. Hammer cttmplete 13. HaYnmer swivel 14. Trigger complete 15. Pawl 
16. Halil spring aoxiiiaiy 17. Main spring 18. Barrel catch spring 19. Extractor lever 20. Spiral spring, extractor lever 21. Extractor lever auxiliary 
92. Shield 23. Screw, shield 24. Nnt, extractor axis 25. Pin. joint axis 96. Screw, barrel catch 27. Screw, hammer and trigger SB. Screw, stock 
29. Screw, guard 30. Screw, pin-joint axis 31. Screw, cam 32. Screw, cam lever 33. Trigger stop 34. Trigger stop spring 35. Screw, hammer catch 
36. Screw, hammer stop spring .77. Screw, hammer awlvel 38. Butt, swivel 39. Spring, spiral 


barrel has a recess which is locked securely hy a 
latch on the top of the frame. This locking gear 
must he well fitted. 

Automatic RevolTor. A further develop- 
ment is the automatic revolver — ^such as the 
Wehley-Fosbery, shown in 5. It consists of a frame 
and handle that does not recoil, and a recoiling part 
composed of the barrel hodv with mechanism and 
cylinder attached. The body recoils on explosion, 
sliding in a groove in the frame, and is returned 
hy springs actuating a lever ; at the same time a 
fixed stud works in the zig-zag grooves that are cut 
in the outer surface of the cylinder. The cylinder 
is rotated by the fixed stud for half the movement, 
then the stud passes down the return groove, thus 
completing the movement. 

The. frame is a drop stamping, pickled in acid 
to clean off the 
scale ; the fiat side 
surface is then 
milled or shaped 
straight across the 

top horizontal grooves or slides milled 
out, and the hollowed stock is milled 
or wibbled out by former-recessing 
finger-mills. The main springs are ^ 

forged from spring steel flats, which 
are put in groups in special fixtures 
and milled across and then bent to shape, oil- 
tempered and adjusted to correct weight by filling 
or grinding. The barrel is milled somewhat of 
hexagonal shape, with a solid foresight left on. 
There is a solid extension strap to the rear for 
locking, and a downward projection to form the 
aus pin joint. The barrel is first milled on the side 
flats, and faced and drilled and bored. The axis 
pin joint is faced, and milled out hy section mills, 
and the holes are drilled through. The hole for the 
cylinder axis tube is drilled and bored. The barrel 
and its extension is milled to section, and the latter 
reused out to suit the cylinder, and the barrel is 
rifled and lapped out. The body stamping has a 
long rectangular portion to form the sides, an axis 
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pin joint projection at the fore end, and a triangular 
block at the rear with its apex upwards. This 
last when machined contains the action. The 
bottom slides are faced and grooved out by section 
mills. The thrust face is squared across and recessed 
for the hard steel shield, and for the rear of the 
cylinder extractor and the various recesses milled 
out for the trigger and hammer, etc., to oj^rate in, 
and the cross pin holes are then drilled through a 
jig. The hard steel shield, after being faced and 
machined outside and recessed, is hardened and 
ground true. The barrel catch is adjusted and 

The handle and the trigger-guard form the non- 
recoiling portion of the revolver. The handle has 
long slides grooved out by section mills in its top 
table for the body to slide on, and a recess out out 
in front ; also a fixed pin to rotate 
^ the cylinder. The sto^ projecting 

MNn downwards is faced on both sides, 

and recessed out right through by 
former mills to contain the recoil- 
lever, which is fulcrumed at its 
lower end on a cross-pin. The 
stock also envelops the main spring 
■ and sear that hang downwards from 

the sliding body. The trigger-guard 
forging is shap^ out and fitted into 
the handle t^ether with the trigger. 
The stock is recessed by former 
mills for the two vulcanite side- 
plates. The rear plate of the stock 
18 machined to form a hinge at its 
lower ends to give accessimlity to 
- „„„„ the recoil - lever. The vulcanite 

o. WBBLBY- plates are pressed to shape in 

FOSBBBY AUTO- hydraulic presses, and screwed into 
MATIO SEEVIOB the recesses provided in the stock. 
BEVOLVEE The cylinder is manufactured as 
previously described, with the ex- 
ception thafln thp place of the rear ratchet-teeth 
the exterior is groove ; this being done by placing 
tbo bored cylinder on a mandrel, which is revolve^ 




and apeoial YeTotTing flngnr mlUi lom the groerea 
from a copy* 

Thaaa grooyaa giro the rotaUon to the cylinder 
vrhen it reooila im retumi with the body after 
each explosion. The aotion-limbe are machined 
in the same manner aa described for rerolvera. In 
aaaombling, it must be arranged that the alidea and 
grooves fredy, but withoat Jerk ; the aeara 
and benta are adjusted to engafp and disengage 
correctly, so that as far as possible an even pmJl 
only is required on the trigger. The barrel and 
body, with the cylinder witn the action attached 
oomdete, form a recoiling part, when the' axis- 
pin ft inserted. 

When assembled complete and ready for firing, 
the leyolver becomes automatic, in that the trigger 
on being pressed trips a sear and releases ahannner* 
After t^ explosion the barrel and body recoil. 


cooking the 
hammer, and 
the cylinder is 
rotatM by the 
fixedstud pass- 
ing down one 
groove, and 
completing its 
revolution, by 
passing down 
the other 
groove by the 
reaction m the 
recoil* lever 
moving the 

body forward again, thus bring- 
ing a fresh cartridge into the 
firmg position, and leaving the 
body and trigger and hammer, 
after again pressi^ the trigger, 
ready for firms. The parts are 
case - hardened and tempered 
where required. 

Mauser Automatic 
Pistol* This is illustrated in 
fi. The barrel is a solid steel 
stamped forgiim, with a round 
barrel and solid foresight, and 
a hollow, square extension form- 
ing the body, with two lower 
projecting hunps.' The barrel is faced, wd thrai 
drilled from end to end in a multiple * drilling 
machine; it is then milled across to square. the 
body, is slotted or milled across, and is then 
reces^ through vertically between the l»e^ 
and the body. The barrel is then draw-bored, aiild'* 
the interior of the body opened out to square 
8eoti<m by shaper tools^like keyway riotters — 
and then to finished sise by drawn drift-cutters. 
The barrri is finished, turned, and the foresight 
formed. The exterior is milled square, with pro- 
jecting ribs left on the lower edgiM to slide in the 
frames. The bottom lumps [BL 1 and BL 2] are 
machined on the sides by gang-mills, and radiused , 
for the bolt-look L at the front end aiari also between 
the lumps, foamtiag an oblong recess, which is carried , 
up rigm through Uie bothM of the body. This 
latter raoess Is ior the b<fit-loek to ham through. 
A riot ^ take the stop-blook is riottecl through tne 
side waQi near the rear end of the bddy, 

BoH4woll. This hse a tooth-shaped crossbar 
at the Iro^t end to fulorun eround the fimt of 


Auann gtm AmuiUiimM 

B L 1* Two webs extend to tbe rear end, jrining 
a rectangular block irith two looldng teeth on its 
mpper eoM, and twd’legs ptofecting downwards. 
The rear am rest on a supixifriang lug [S L] on the 
top of the look-frame ; am this leg, on recoil, riips 
dowh'Over the lug, the two legs straddling the lug 
and disengaging the looking teetii from the body. 
It is first nuUm on the outsides, and the recess 
wibbled out. The tooth is milM outside, and 
oarefuHy inside, tq form a fulcrum. The comers 
left by cutters are cleaned out so that it has a 
bearing right across. 

LrOcK Frame* This is slid in from the rear 
into the main frame. It is of somewhat rectangular 
shm, with two webs projecting to the front to 
embrace the knife-edge fulcrum upon which the 
rocker, .works ; also amve this is a front-stop cross- ' 
member, which projects over the rear wall of the 



MAUSER AUTOHATIO PISTOL 


magasine. The main rectangular per- 
-tion has a lug on the top face, and a 
bulb projection standing up at the 
rear, the latter to form a stop for the 
bolt-look and a fiat top over which the 
body slides. The rear of the bloox is recessed out 
to torm the ohMk-jbints for the hammer to work 
between. . The whole is secured in position by a 
rear stop-block pressing into a groove in the frame 
and recM into the main frame, and held down by 
a vee-8p||Dg. * 

The stamping is first faced parallel on the sides, 
and on top am bottom. The cheeks are milled 
out, leavim a rear crossbar. The hammer axis pin- 
hole is drifled through a jig. Then the front race 
of the fukrum-bax smd the knife-edge of the same 
are shaped, and the hole for the mainspring is 
drilled out relatively to the axii^pin. The topTug, 
the recess for stop-block, and the recesses for kww 
and sear on oUe side are all machined to gauges, 
using the axis-pin and bottom and side faces as 
**Bpottiiig*’ points. 

MMia Frame* The main frame is a steel 
stamping. It hm two prejeotiiig outside, top 
slides am 'one' inskle,, hriwnr, deep, oblong rides 
to contain the magarim in and also the look- 
frame in rear, anu it is conrinued down to form the 



and The atiikipi^g it 

Itiotd «n the top jbdde, tiien milled to teoiioii out* 
tide, to form the goidet and facet, alto tlie itook. 
The interior it dnlied out witli rdiel holes, and 
opened out hy former mllle. The ttook it reoeeted 
ru^t through, except where rebated for the ndoaaite 
eiae-platee, and it machined out to form the trigger* 
guard. 

Aotioii* The hammer is a atamjdng. After 
facing, the axis pih-hole it drilled, and the facet 
and edges are miUed to template. The front p^ 
jeotionlormB the eear-bent, wd the lower projeoticm 
j ie left to preee againet the mainspring pltmger. The 
oiroular nnger-gripe are knurlecL The action it 
then adjust^ hardened, and fitted. 

The rocker it of hook shape, to engage the tooth 
projection of the bolt-look. It has a round face. 


m detail 
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eontahi the atiilkor and its rebound sjiri^. The 
redr end it alfo bushed, and the striker pinned in. 
The rear end has knmM home for grasping when 
required to puU hack by bgnd, to cimk the Took at 
riie start, or to fill tiis magastne. The notches 
are miUsd across the undetmoe. In these the bolt^ 
block teeth .engage end ditengSM A long V- 
shaped greoim is milled on the underside lor some 
dlshuioe from the front end. The top front has a 
recess end holes to bed in the extractor ; the latter 
is a spring-tempered hook. The striker is o< high 
grade, romid-seotioa steel, and is tnmed down in 
rod-feed hollow - spindle lathe, and the point 
tempered. 

Aiio^w very good type is the Colt automatic 
Its manufacture need not be described 
Complete seoticmal mews are shown 
in tne figure and a list of the com- 
pcment parts is gi^en. It is adopted 
in the united States serrioe. 

Another automatic pistol of this type 
is Browning's Patent, which is used by 
the Belgian police and fo# house- 
holders* protection. Though small, it 
is very effectiTe. 

Rifles. Most of the 
modem military riflee have the door 
bolt type of breech and steel barrels, 
fitted aath walnut stock, the cartridges 
being fed up from a magaaine earned 
below the butt and nront of the 
trigger guard. Typical erf this class is 
the Lee-Enfiekl [8] and the Mauser 
[9], the’ former being used by Great 
Britain, and tlm latter by Germany, 
Belgium, Spain, Turkey, and othn 
countries. 

The chief difierence the breech- 
looking is that the lugs in the Mauser 
are at the front of the bolt and close up 
to the barrel, whereas in the Lee- 
Enfield they are at the rear, and this 
is considered bad practice by many 
experts, as the pressure tends to spring 
the bolt on an excessive pressure ob- 
tainii^; moreoyer, as a long pillar 
prmtioi^y unsupported, it is mechani- 
cal^ weaJ^. 

ne Lw-Enfield Rllln. The 

number of component parts of the X^ee 
Enfield is much in excess of the 
Mauser, butrit has come out fairly 
satisfactorily throu^ severe cam- 
paigns. Tnc barrel is made from *31 
to *41 carbon Siemens sted. It may 
be rolled, as at Enfield, from a round 
bar of sdtable dimensions through 




bar of aoitabte dimeniiaiw throngli a 
Swim m «. !2ii*2r»±JtiSSSf ‘""fVji.s-h. anita of ten paiia of horisontal roUa, 

MA M. ak»gatotitobaital and taper it 


on which Ihe mainspring plnnger acts. An axis- 
pin is driven in to form gndgms. It rests on the 
knife-edge of the fulcrum when the barrel is home, 
but is turned over and loioed back against the main- 
spring on recml, the bolt-look tooth. In 
maamacture it is made, in some cases, from a 
rolled section sawn across to length, and is then 
laced and the pin-hole drilled. It ia hardened on ihe 
hook-point and lukram lace. 

The Bolt. The bolt is milled squam In 
section outside, bored from end to end in a mnltipls. 
drin .press to contain the striker and its spring* It 
has a kmc slot In the ri|^t-hsnd side, tbrongh 
wlrioh the Doiler.stop to the spring Is inserted. The 
end has a plug ioaerted with a taper-heh» to 
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in transit, all in one heat. The work put op the 
barrel materially improves its capacity lor standing 
the strain of the explosion. It is also churned that 
this method enables the barrris better to retain 
their strais^tness during the drilling and f oUowinig 
operation. But skrisfactory harrris are also ol^ 
tained by the use of the tilt mr Bradley rapid blow- 
hammer, which is generally used on the C^tineQt. 

Alter this process tbemdarged breech is stamped 
by steam or power hammers between top and 
bottomdiea. ThebanriaaratheneoMstrai|^teped 
either in rxrfls, or in the maohins ahem hi It. 
They are then bpnn on oentves, and htoislied» 
itra%hteaed by Imnd baminem very mpidfy by 
exparta^ tumea and damp niffiedt that & by 




levohriiig ottttm to ga^ogd piseo In three . 
Three turned portions are sidled ApotUng points^ 
the ittheeqnent tmr-tnmiBg work haviag reference 
to them, the ends are ia^ and oentred, and 
aftenrarde drilled in a special driUmg machine. 

In the older praotioe, which is still followed, 
the barrel Is drilled from both ends, at the same time, 
the barrel bdng rsToIved at about 1,000 reFolii- 
tions per min^, half round bits be^ used, at 
the same time a copUms supply of soapy water being 
pumped at h^ pressure on to the cutting face 
through small brass tubes, carried idtmg with 
the Into, thus washing the turnings out backwards, 
and also keeping ihe mts cooL ;,The bits are made 
to yibrate to ctoar out the swaif 'more effectually. 
On arriThig near the centre ihe operation is com- 


The^ then plaoe the tube or ban^ aoross a hallow 
an^ and ^dve blows with u curiously shaped 
hammer. In the sighting and settmgtibe men aoqmre 
marvellous dextetity, a& are able to make the bacxela 
absolutely straight in bore. The barrel -Is fine 
bored wiui a square bit, one or two oomers of whkdi 
are kept from toimhing the bore by wooden aptUa. 
Paoklnga are inaerted between ths ainlla and 
bar, to oomprnuiate for the wear of tbe cutting edge 
of the bit. The barrela are now aeo<md turned and 
polished, and are then ready for rifling, and again 
set. Furthermore, they are now tested m a maonine 
for truth of bore, and anv want of truth is indicated ^ 
by the long, arm of a fever . beU-crank shape ; 
the short arm rests in the bore of barrel, which is 
spun on a tension mandreL 
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Dieted by one set of drills. In later praotioe the 
barrel is drills from end to end in one operation. 

Draw boring follows this operation with a tluee* 
oommred bit m short length, the barrel revolving 
at low speed. It is agi£a set as required. The 
.bcur^ is then further turned, using the two spots 
at the ends and others in the oent^ by several 
outters or tods, the barrel being spring^supported 
by back rests; these latter, and &e outters, travers- 
ing the bed 4mt6matioa%, copy the taper or shape 
required from a flxed toini^ 
iiter rough turning; wie barrels are corrected 
by the harrel setters,; whp plsoe the bofifel nt un 
angle with the musde towards a wii^ow with a 
horisontil boord In ito top ptito, and loddiig 
the bote olMtrve any ine^darto of ^T^tohade ” 
or shadow that fe east bn the bottom of the bore. 


SHOWING MAGAZINE 

. lUlUiif.. The usual method of rifling adopted 
in Bnglaisd is the old single hook cutter method. 
In the machine [111 the tool, when passing up the 
bore, is drawn in luce a oat’s claw, and th^ being 
drawn out towards the mussle, the hook tool cutter 
is pushed out. Bach separate groove is thus out or 
plsmed out to the requiM depth in the boro, while 
at the same time tbe required twist is given, in 
some oases by a fixed tangent bar, whieh osnses a 
rack to traverse across the slide reet, and in doing 
so its teeth engage those of a j^on attached to 
^e rifling bajr, urns oauring it to revolve, and in 
this manner to uroduoe the required twist. 

Other methods adopt a tiafl rod>-^that is, a pour 
tinuation of the rifliiuf hair, hk^iriag grooves wldi n 
twist to that requited to be produced hi 

the barteh Each grikife ttqiages a white motid 



whioli causes tbs tail rod to rsrolvs, and ^as 
dksetly imparts motioii to tb ari fli n g bag, Witkits 
eatter W aaob groove is planed oat sspaBatdty. and 
' Hb relative positm to tbs next groove ttgoarantoed 
by advaaotag one notch of ins division plate at 
the end. The rifling tool,' or eatter booc, is shown 
in detail [15], and will be described Oil under 
high pressure is oontinuoiislty pun^ted through 
amaU tube on to the cutter; the sharings as 
are dmwn hack, are exaininad by the rider, 
form a good criterion as to the state of the cutter 
and the kiiide work. Great care must be taken 
to tear the sprooves, but to get a eleady planed 
out out from end to end. 

lUllliig Wmd Cutter Bpjc. ^In this 
machine [15] the « booked cutter G at the end is 
soHdfy backM up by stop plunger P when cutting. 
The ^pth of the out is regulatM by sotew adjust- 
ment, A, and an incline plane, I, up whiofa the 
cutter Is pressed by the spring 8 acting on its tail 
end. It will*^ be seen that when 
making idle strokes up the bore the 
cutter is poshed down against the 
spring, but when returning on the 
outti^ stroke it is pressed out again 
to the stop P. Ower countries use 
drift cutters following each other 
through the b<Ne with quick light 
feed, each drift following closely to 
the other. After rifling, the barrels 
are lapped out with kuri laps in a 
lapping machine, and then pass to 
a phishing macldne, which takes the 
grooves. Finally, a high revolving 
(^Mndrical lap finishes the lands — 
that is, the projections between the 
grooves. The thread of the breech 
end is then cut and rectified, and the 
barrel finished outside, cut to length, 
and the muzzle end rounded. The 
barrels are then sent to {sroof with a 
screwed plug on the breMh end with 
a touch-bole through it, and returned 
dulv stamped if correotw The barrel 
is then ohunbered to suit the cart- 
ridge. A good type of gauge has a 
taper plug used m cmijunction with 
a ^Undar, with a sector cut out. 

The barrels are then browned. 

To do this they are first plugged at 
both ends, boiM in soda water, and 
covered with time, then dried, and 
then immersed in a heated acid 
mixture and rusted, then scratch Iwnshed. This 
treatment is repeated till an even surface is 
' obtained. The barrel is then dipp^ ^ hath 
of Bait water with alkali to km the acid, then 
rieaned off, and polished. The resulting surface 
u now praeticrily rust-proof. The bolt and other 
components are also browned. After tajjping for 
the sight-bed screws, and various inspections, the 
barrel is ready for sitting. The barrel is adjusted, 
and the sights fitted on and tested, then faimhed 
up, and it must be ooneetly in line ; also, when it is 
screwed up dead home the si^ts must be vertiosL 

Body. The body is made from a Sjpeoial mild 
steel, which is first mokeo down rou|^w te shim 
from the bar, and then stamped, end thoe toe 
fins or extruded metal are cut off. The ^ ^ 

is then box-annealed in charcoal for half a 
alter which it is pickled and placed In 
acid bath, whkh cleans off the scsle. It is now 
foidy lor the various machiiiiiig operathma 
The body is first tihoed at both ends, then centred. 



and the breech Ihce and the body drilled lor the 
hrit hole in a inultiide ihilling mi^^ tidshde 
IS then drawn and fine bored. The hde in the 
sooM end ti drilled and tMpped, In a jig or fixture. 
The reoess lor the breech mew is now^ opened out 
to the tapping diameter. It is then tapped In an 
automatic thread-milting machine. The work is 
held in a special chuck, and a milting bob is rapidly 
revolved, outtisg into the bore to the full depth of 
the thread. The chuck portion with the work 
makes one revolution, but during this revolution it 
also has a longitudinal travel hnparted to it by 
oams, equal to the pitch of the thread. By tins 
means tin whole of the thread is obtained. The 
machine has all its motions instantaneously arrested 
on the completion of the revolution by automatic 
gear. The faoe is then milled off accurately. The 
thread and face, together with the bolt hme, and 
with the tapped hole In the socket end and a flat 
faoe that is milled on for the temgue, form the 
spotting points or woridog taoes, 
which enaole the subsequent opera- 
tions to be carried out relativdy to 
them in the numerous jigs mid 
fixtures. 

The body in suitable fixtures is 
now passed to the various miUing 
maohmee, the slides and various 
recesses accurately milled out to the 
correct oemtour and depth by former 
or profiting mills. Generally the 
latter consist of two overhung 
spindles on a vertical slide parallm 
an<f connected to each othw, one 
haring at its lower end a pin or 
stylus, and the other haring cutters. 
With this arrangement and that of 
the freely-moving longitudinal trans- 
verse slides on the machine, any 
template or former fixed alongside 
the work will be oo(M, by the 
cutters or mills grooviim out the 
solid metal as required. In addition 
to this some of the jigs allow the 
work to swii^ to cut out radial 
recesses or sliaes, and in others an 
end-on movement is given to form 
the hetioal recess for the looking 
lug. It is hardened at the recoil 
shoulders. The body stamping in 
its finished state vreighs only about 
<me-fourth that of the orminal, show- 
ing the large amount of machining 
done to this alone. The action limbs are 
stamped out of high-grade steel and machined. 

Bolt. This is of crucible steel and is stamped 
hot, and the handle set, finned, and then picued 
to clean any soale off. It Is tbmi iBused on both ends 
and turned whore possible, and the knob milled. 
The ribs, etc., are milled, and it is then drilled 
throng to contain the strUmr, then finished milled. 
After one hundred detail operations, the boH is 
hardened and tempered and strsighteiaed. 

Boll The bolt heed is made of special 

gun-iron ; it is a foxing in most oases. After the 
fadtig and mUtiiig of the facet, the striker hole is 
gradwy opened out and coned, the stem tumed 
and screw miEed, and the varions reoessat miffed 
and aloittod out There am^|iyty operations. The 
head is then^ hardened, the, sorei^ part being 
tfoteetid hy molsy. 

/ stooki m xi 

anffseiodnedtim withal TheMMikssre 

rottgli savm to shapo and tymsd In a popy in g lathe 
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.by rerolTing outten, a 9 shoiim in 12i and flpooyad , 
out for the oarr^ and magacine, etc. In w caae 
of the Manaer, it is in one pieoe, bat the Bnglieh 
ride is divided into two parts, the bott and fore end, 

.The baxrri and body with bolt head and action 
are now placed in a carriage for final proof, and 
the compression of a copper crusher-gauge in rear 
of the ciuniridge head-relemd to, a known deflection 
of a similar copper cylinder, enables the maximum 
pressure on the base to be obtained. If correct, 
the parts are then proof stamped. Thp whole is 
now assembled on the stock, examined, adjusted 
and tested^ on the rans^. 

The Maniilicher and Mauser bolt and action m 
much simplw, and can be stripped by hand in a 
few seconds. They are also much simider for 
manufacture than the Enfield, and the bolt stands 
up to the work better. 

The table below gives a list and full particulars 
of the magazine rifles used by various Qovemments. 
The tendency now is to m&e a lighter bullet, by 
decreasing the weight of the 1^ mterior towards 
the nose, or by decreasing tlm calilure of the rifle, 
but should an absolutely reliable automatic rifle be 
produced, it would no doubt be adopted; 

Sporting Gunn. Sporting guns are made in 
great variety, and indude single and double barrel 
shot guns, smooth bore, also rifled expr^ guns. 
Nowada]^ they are cliiefly hammerless breech 
loaders. 

The smooth-bore barrels are made from either 
(1) twisted ^d ,^lded Damascus type, or (2) high- 
grade steel “"of special quidity. The Damascus 
barrels, which have a beautiful pattern upon them. 
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This effect is ]^oduoed by first piling the iron and 
steel alternatively with a larger proportion of steel 
for strength, then by rolling the same into rods. 


MAGAZINE RIFLES USED BY VARIOUS GOVERNMENTS 

Country .. 

Ausmu, 
Buloaxia, 
Atm Grxxob. 

GREAT Britain 

FRANCS 

GSRUANV 

Japan 

Kubsia 

Pattern of the year 

1895 > 

1890 

1908 

1886 

1808 

1900 

1804 

Designation 

Mannlicfaer 

Lee-Enfleld 
Hark 1* 

Short Lee- 
Enfleld 

Lebel 

Hamer 

Year '30 

“ 8 line ” 
Nagant 

No. of cartridges 
in magaiine . . 

5 

10 

10 

8 

6 

5 

6 

Weight : 

Without bayonet 
Witii „ 

Length: 

Without bayonet 
With „ 

Barrel: 

Length in. 

Calibre in. 

Muiale velocity 

8 lb. 6i oz. 

8 lb. ISf os. 

4 ft. 2 in. 

4 ft. 11*6 in. 

80*12 

*815 

2,084 

9 lb. 4 oz. 

10 lb. 81 os. 

4 ft. 1*6 in. 

6 ft. 1*5 in. 

80*19 

*803 

2,080 

8 lb. 21 os. 

9 lb. 9 os. 

8 ft. 8*6 in. 

4 ft. 8*7 in. 

26*19 

*808 at breech 
‘806 at muzzle 
2,060 

9 lb. 8| os. 

10 lb. 1| oz. 

4 ft. 8*12 In. 

6 ft. 11*84 in. 

81*406 

‘816 

2,078 

91b. 

0 lb. 14 oz. 

4 ft. 1*4 in. 

6 ft 9*76 in. 

29*06 

*811 

2,003 

8 Ib. 91 oz. 

0 lb. 8{ oz. 

4 ft. 2*6 In. 

5 ft 6*6 in. 

81* 

•266 

2,890 

8 Ib. 161 os. 
01b. Hi os. 

4ft 3*876111. 

6 ft. 0 in. 

82*26 

•3 

1,986 


Hamer also used by Belgium, Spain, and Turkey. Mannlioher also used by Boumania and HoUand. 


due to an arrangement of iron and steel twisted preferi^l^ of square section. In the English 
bars, which when acted upon by the acid, the Damascus type three rods are taken; each is 
steel remains light colour and the iron brownish, twisted on im own axis and then rolled together In 

a mill to the form of a ribbon* The 
ribbons are then coiled by searing over 
a loose corebar. The oous are then 
brought to welding heat and weidod 
aimmd » mandrel by hammering. The 
thicker coils are &en interbred or 
scarped on the musssle portion of the 
barrel, and the whole is drawn out to 
the required thidmess and the protmd* 
ing metal is denned off. It is to be 
mmoed thet the metal must be laspt free 
fram inds. 

The mtten in «hi» iypt le 

thet el b obain of interh>dwd cln^ but 



































IMMMv APiD MilHUlllTIQN 

9MMIJ other patterns maT be ohtainod ; one type 
is shewn in 16 But this type of berrd is now 
Mnff rapidly superseded by w weidless sted tube, 
wlibn is more suitable for the modem nltro powder 
sad the gun of the hammerless drop down type 
flT] with double extraction. 

In shot guns the tubes may be drlUedt drawn 
down or of drawn tubes, or forged out of the solid 
and drilled, as m express rifles. The usual methods 
of boring are somewhat similar to those described 
under rme mannhusture. 

The latest practice is to drill through the bar of 
steel from end to end (instead of from each ood 
sad meeting at the centre) with a Iio^we drillins 
machine, and finish the bo^u Jn one process, ana 
say straightening is done me<manioally or by hand 
seeing. These tubes are then finished by the gun- 
nijaker and finished 


bored or choked to 
his special require- 
ments. 

The outsides are 
not turned, but 
mund true by 
hand. Also, in 






18. DIAG&AM 07 B77EOT OF 
CHOKE BOBIKO OB SHOT 



ribs are fitted and jointed up, the edges of 
the barrels being fiM so.that they converge. The 
top ribs may be fluted pr shaped as desir^ The 
breedh lumps and wedge pieees are braaed on. 
The Inreech body, already machined, is now fitted on. 

The Jointing up 
of the breech is an 
important item in 
drop-down guns, 
and these parts are 
filed and scraped to 
14. MINIMUM CHAMBER fit together m the 

DIMENSIONS most careful 




15. BIFUKO MACHINE CUTTER BOX HEAD 16. FATTSRN OF DAMASCUS BARBEL 



17. SPORTINO GUN HaninierleKi Drop Down Typ« 16. SIDE LOCK FLATB8 WITH MECHANISM 


addition to many barrels are choke bored. In 
one type, for instance, the muszle is contracted to 
concentrate the shot, and this improves the tar|»t 
pattern. This is done by finishing the bore at the 
muzzle end with special tools of smaller diameter 
than the main bore, but some makers contract the 
muzzle by dies in the hydraulic press. The eBect 
of this choking is shown in the diagram [18]. The 
bores are lead lapped out to get a fine polished 
surface. The tub^ are subject to a provisional 
proof to test the barrel, and afterwards to a 
definite proof. 

One noted gunmaker uses the steel marked A 
for shot guns, and that marked B for rifles. 
Others use an excellent steel made by Messrs. Wm. 
Jessop A Sons, marked C in the table in next 
column. 

In double-barrel guns the tubes after proof are 
assembled and fitted together by the barrel filer 
with their ribs, lumps, etc. The top and bottom 


manner. The holes and ends must also be dead 
square, so that all parts transmit the shock to the 
fixed breech, but at the same time the gun must 
open freely and with regularity. The locking 
bites must be tight wif^ no slos^. The ex- 
tractors, which have usually two le^ are fitted 
in to work freely, and the end faces when home 
must not project beycmd the breech end of the 
barrel 

The breech body is usually made from a solid 
forginjg with front or fore-end projection, a flat 
squarish part for the mechanism (action). This 
block is machine recessed for the machaniinn, but 
in many oases two side look plates are btted to 
cany the look meohani^ as anown in 16. 

There are a great variety of extraotom ; many of 
these are actuated by the fore end, whidi eases the 
cartridge case and flips it out oompletdy when 
clear of the standing oreeoh. At the same time 
the mechanism cocks the hwoimer. In all cases the 





























striker must be clear of the barrel fate before the 
gun is opened out. 

The bod^ fore end and action and lock plates are 
hardened in animal charcoal, or the stwl action 
oorayponenta are hardened and tempered by gas- 
muffle furnace with oil and water hardening. 

The walnut stocks are sometimes shaped (as 
described in rifle mcmufacture), but in sporting guns 
most of the stocks are varied in length, set. and 
shape to suit the balance of the gun and the 
purchaser. They are highly finished and polished ; 
also the gmi may be finally decorated by engraved 
lines. A list of the approved minimum dimensions 
for various gun chambers is shown in the table 
at the bottom of preceding page, which refers to 
the dimensions of 14. The taper in all cases is 
*005^ per inch in length. 

Maxim Automatic Machine Gun* It 

is necessary to explain that this gun is fuUy auto- 
matic — that is to say, after firing the first snot the 
explosion causes the barrel and look to recoil 
tocher and the following cycle obtains. The 
empty case is withdrawn from the barrel at the aame 
time that a loaded one is pulled out from belt, llie 

barrel returns home again, causing another loaded 
cartridge to be brought forward m the belt, into 
the feed box, by moving the belt. But the look 
continues its rearward course, cooking the look; 
and, coming forward again, ndses up mid inserts 
the loaded cartridge into the barrel, seixes another 
full one in the belt, having ejected the empty case ; 
and, lastly, when the breech is quite seouimy home, 
the trigger is tripped, releasing the firing pin, and 
again firing the gun. The recoiling of the 
gun are brought back by a strong lusee 
situated at the left-hand side of the gun. That 
the reader may I^Bow out the action of the gun. 


and so become acquainted with the various parts, 
we reproduce drawings [19 to 23] furnished 
Messrs. Vickers, Sons, & Maxim. Each part is 
numbered on the drawings, and the names of the 
parts to which the numbers relate are as follow. 

1 Look ouing a Safety near 3. Sear apring 4 Sear axis plu 5 Siring 
pill e Tumbler 7. Tumbler axia pin 8 Trigger 0 Trigger axle ptu 
10. Lotde spring 11. Extraoior lersn 13. Axis of extractor levers 
IS Lower extractor stop. 14 Side levers 18. Side lever axle pin 
16. Extractor 17 Cartridge grooves 18 Homs of extractor la Upper 
extractor atop 36. Notch for extractor holding up eprfng 31. Gib 
23 Olb spring SS Oiboover 24 Extractor spring 36. Oouneotlag rod 
26 Crank pin 37 Crank 26. Crank shaft 2* Connecting rod nut 
70 Washer for coniieoting rod 81. Becoll plate S3 Barrel ^ BJeotor 
tube 94 Ejector tube spring 88. Crosehead Join p • hole 86. Tmunioa 
blmdc 37. Inside cam 38. Cannelure for asheet^ packing 89. Cover 
joint pin 40 Cover 41. Tangent eight 43. Tangent sight spring 
43. Cover block 44 Cover look ^ Cover look spring 46. Bear 
croanrieoe 47 Firing lever 48. Trigger bar 49. Firing lever apring 

80. Doable button on Arlng lever 01. Automatic safety oatoh 
spring 89. Milled bead with oil bmah 03. Bottom plateo 04 Hole 
for elevating Joint pin 00. Outaide platea breech casing 06. Tltllng>ia 
piece 67. Crank roller 68. BoUct 09. Check lever 60i Knob 
on crank handle 61. Oroeshead lug 62. Fusee npring box 68. Fefoe 
eprtiig 64 Fusee liuks 66. Food block 66. Bottom pawl axis 
pin 67. Buttoin pawls 68. Top pawls 69. Feed block slide 79. Feed 
blorit lever 71. Bracket retaining feed block lever 73. Spring 
retaining feed block lever bracket 78 Top pawl axle 74 Top 
pawl Bisring 75. Bexagou of crank shaft 76 Fuaee apring adjuatfng 
aorew & Fusee 78. Crank bearing 79. Slot in outside plates 
in whlo^ crank baaringe nova 80. Stop screw fer firing fever 

81. Firing lever axis pin 82. Bear eroMplece fixing pin 88. Auiomalto 
saJ^ oatui 34 Ouidse in which flanges in look m 've 80. Crank stop 
86. I^deotiou on trigger bar 87. Bxtraotor firing pin hole 88. Steam 
tube socket (rear) mT liolsa In ateam tube 90 Screw fixing dls a m tuba 
91. Bmptylngpliv 98. FlUIngntug 96. Mussle attadtment 84 Mnsllt 
attaobment ping 96 Staamtnbe 96. Slide valve 87. Water jacket 
96. Steam tube sooket (front) 98. Steam eeoape hole 100. Bad oap 
101. Qaa eaoape holea in mussle attadbment KM, Musale asbeatoe paiSc> 
iag 108. Foresight fixing screw 104 Fbrcii^t 160. Cork ping 164 feed 

block spring guide tor cartridge cannelure 197. Cartridge atop 

It is to be noted that when firing automatioally 
a complete cycle occurs in the space of ^th of one 
second. 

Bwrel* This is of Tery high grade ** Vmkm ** 
steel drawn down under a Eyder hammer from a 
round bar. While at the muule end it is about the 
same thickness as a rifle haml, it is much laim at 
the breech efid. At this end it has a reduced part 
reinforced by a^blooh with barrel trunnions on each 
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Mid. This is screwed on to the bonel. and has in 
St a stnd on each side called the (fu»n«ei» to 

ettaoh it to the recoil plates, and is lecessed^t^ a 
cartridge head and extractor. *rhe barrel is bored 
and fimshed, rifled and chambered in a. similar 
manner to the ordinary rifle barrel ; but it is^also 
hardened internally for some distance bom the 
breech to withstand the high temperature of con- 
tinuous firina. This is d<me by beating this portion 
of the barrel, after it is rifled, in a mumCr and then 
by attaching an oil and water inieotion pipe, 
tnvough which first oil is forced and then water. 
Tlds gives it a harder surface well in front *of the 
shot that prevents the lands and srooves of the 
rifling being washed away or eroded by the flame 
of the nitrO’Cellulose povraer. It is then finished, 
chambered, and touche up, bobbed out to correct 
any little irregularities due to the hardening pro- 
cess, and finished turned, and also has a deposited 
copper coating on its outer surface ; the oreech 
blo^ is then screwed on dead home in such a way 
that the axes of the trunnions are at right angles 
to the axis cf the barrel. 

Casing. This consists of two plates with two 
hardened cam plates riveted on, a bottom plate, 
a rear crosspieoe, and a hinged top cover. 

The side plates are of saw plate quality, and 
ace first flattened out, and then Ago planed, 
drilled to template, and two hardened cam 
plates are riveted on inside. These control 
the path of the carrier. In each side plate 
is a gap extending to the rear edge, for the 
cranx bearing of the recoil plates to slide 
in. The rear portion is milled to a V 
shape, and fiUing-in peces are fitted in, to 
close this portion, iliey can be removed 
when the rear block is taken off, so that 
the barrel and all the action can bo with- 
drawn. The bottom plate is of bronze. 

It is drilled, and the side plates ore 
riveted to its angle fillets. There are also 
gaps machined through for the feed box, 
and pin h(des for the spring box on the 
left-hwd plate. 

Cower. The steel cover has a gun- 
metal casting with cam projections down- 
ward on it to ensure the extractor drop- 
ping on recoil of the look. They also 
kee|> the locflc down whmi hack. This 
casting (which also contains a recess for the 
backsight spring) is machined first and riveted in 
the correct positicm ; a spring catch is fitted on the 
fear end of the cover. Ho^ are drifled for the, 
tangent sight in the upper face, and a milled-out' 
hinge piece is riveted on the front end. The rear 
crosspiece is a gonmetal casting with a bottom 
hiuge to the side plates ; also a pin to seenre these 
passes throng them. This pin has a turned T-head 
split pin to make it readily removable. The rear 
croas^ece is milled out to take the firing lever, 
and drilled f<nr its pivot pin. A gunmetal safety 
catch with its springs is attached. The gunmetd 
castings on airiviJ from the foundry are well 
cleaned and pickled in acid 8<dntion and then 
machined in fixtures to templates and gauges. 

The Water Jacket. The watmr jacket is 
made up of a rear block and tube and Imt bap. 
The tnbe is either a bronze casting, or, as m the 

The xSm block for thTwi^M jao&t is a bronze 
eas tin g joining by screw threads to the water 
jacket in front, and extending tearwaida to form 
A sleeve for the barrel with an ejector tnbe bdow 
it; its top portion has hinged obeeks for the 

mi 



At the side are two* dovetails to 
Qonneotion with the casing. This < 
very careful coring and 

traction fiaws. Alter ^ . ^ 

sent to the machine shop, rides are pl^ed 
or milled pcurallel, and fore end tamed and 
screwed. The fr(mt and *rear' fades are milled to 
length, and the male screw thread is cufb^ei^ its 
fore end. ^ The holes for the asbestos-phdmd barrel 
dweech are bored out and carefully finiriied to give 
a good sUding fit to the barrel The top face is 
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mined across, tbe Ipnge cheeks milled through, and 
the pin holes drilled. The dovetails must be very 
oareruUy machined and fitted on to the casing, 
being dnven home with a raw hide or lead hammer. 
It is driUed for the axis pin and recessed for the 
extractor spring. 

The Tube. When this is of bronze it is a 
cylinder cored hollow ; it must not be porous. It 
is turned up and polished outside, screwed at both 
ends, and the sight bed is machin^. A water plug 
and dram plug are screwed in. When in position 
it must be adjusted so that the sight is vertical 
Front Cep. nThis is a bronze casting with 
front gland, with asbestos packing to make 
hydmulio slide joint. There are screwed 
plugs to receive the steam tube end. When 
asaemblod, a boring bar is pas^ through 
this gland and the bearing in the rear 
block to ensure correct alignment, or 
this would grip the barrel and prevent it 
sliding properly. 

Lock Frame. This [20] is of steely 
broken down from the bar, and is a beau- 
tiful stamping with the vertical horn web 
and slides, aim side trunnion projections 
raised up. It is first faced on the front 
face and slides and wibbled out on the 
rides, and the two solid ride trunnions 
are formed by hollow miUs through a 
fixing. Then the interior is milled out 
between the side cheeks in a jig, using the 
two first machined surfaces as spotting 
points ; then a guide race for the firing 
pin is slotted out longitudinallv, the 
striker hole is ocmed out, and tne top 
stop machined. After the outside of 
the side walls are machined, tbe pinj 
holes are drilled and reamered out 
through a jig, so that they are true to pitch and^ 
square with the rest of the lock frame when the^ 
lock frame is completed outside. The side levers 
are previously machined, are slipped over the side 
beartngs, and joined together at the rear riveting 
them on a square blmk. The block hm a pro- 
jedrioo rearward forming the male portion of the 
bayonet joint, and the extractor lever stampings 
are machined and mounted. Tbe various con ^ 
ponents, firing and tumbler are machi'^e 
and hardened. The front face of the thmst blow>- 
on which the base of the oartridM rests, is tem-\ 
pered very hard In front of toe took frames. 


and gripjmg it with 
The ext^otor contains a 
back plate, and toe tril 
is a solid block, thro 
striker passe's. The 
fiangsi vertically, bat 


is the extractor.^ 
with its spring andt 
The centre portion/ 
>h the point of the 
face also has small 
these are dlsoontinued 


below to liberate the empty eartcidge ease wheat 
in toe up position. This component is carefully 
recessed out by former mills for the |db; also ton 
ooim for toe firniMto fr bored odt, aim 
to form toe guidhs milled The tail spring is 
rifeted at its lower end to the extractor. 
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Recoil Plates* These are jflat steel plate 
stan^pings with square orank. beanngs stampea up ; 
the left-hand plate has a forward prolongation with 
an op^ slot, which enga^^s the bell crank lever, 
and gives transverse motion to the cross slide of 
the f^ box. It is squared first on the top and 
bottom edges, and then the outside faces are milled 
across, leaving the orank bearings projecting up. 
The insides have projections inwards left on them 
to form stops to the upward movement of the 
crank cheeks; also grooved guides are milled in 
them to oimtain the extractor slides on the front 
end. The orank 
axis holes are drilled I 
and bored out dead 
square with the | 
plates in jigs, and j 
the front fork or 
slot of the left-hand 
plate is machined 
out with a fdight 
radiuk The slides 
and fore end and 
~xis holes are all 
il hardenedf after 
eating in a muffie 
nmaoe. 

CranH and 
^oa aactlac 

l,od« The onuw 
I a solid stampi^ UQVX AirroXA 

ith two web dbeeks * 

I aides inrojeotiag on eeoh side of them, hexagonal 
me ena for the hand lever, and at the other for 
fueeb. They are &rst tmuBd on the axle parts, 
ii^niajmniiljbd out be^^ 

^n%de 2 
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ed m enebltt in a |% and aUj^tfyooun- 


^onfibiibd! 


Feed Block, The feed blocks [21 and 22] are 
brcmxe casting, and contain the steel pawls, slide, 
and lever. Ihe casting is machined longitudinally 
outside to fit the casing plates, and transversely 
inside to suit the various Bha][^ cartridges, also 
for the cross slides, and bored for the lever. The 
bottom steel pawl has a fixed fulcrum in the 
casting ; the top pawl is on the slide, ^e 
longitudinal movement of the recoil plates im- 
parts a transverse movement to the slide through 
the bell orank lever, and the top pawl slides back 
over the cartridge and feeds it forward on the 

return stroke, the 
bott(»n pawl retain- 
ing the cartridge 
bdt [28] in position. 
Hot chkioo 
Machine Gun, 
The only other 
type of automatic 
machine gun that 
has been adopted is 
the Hotchkiss, which 
is used by the French 
and other Govern- 
ments. It is simple 
and effective. It 
has no water jacket, 
but a Very thick 
rAdiator bam, and 
10 OUN OK TRIPOD . number of 

working parts is 
small. It can be stripped and reassembled by 
hand if necessary without the use of tools. It was 
in use in the Boer WarV Another type iff Mariiin 
gun, or Pomopom, h shown the 87*mm. Mil 
gun (24} emnewbat bn' tim same pnnoi}^ as the 
B.O. tyj^ deboiihed; Thtsaun fim smaijl, shell 
of abo^ l| in. diMS^tec^ ^ T& latest typa ol light 
B,a gtm h 






Fm (Oiiitff). IfiMf nMei Mid TMTlettoi, wed for oil 
I rtttdi of lor work ttl}* 

JBfM 3t0» (CMf oMliPit w^irfofaf)* Voiiiid in Fortb 
AiBoriflo atiA in SomU*. Boot fioa Lil t radoc dlitrlet 
For ftM, oad dark In ootonr. Hair lonf and gloaay. 
Valaa aooofdtiM to octottr* tiiodarkeat kolQg tho inoat 


JBkia JB 00 (CMt taaofHit). Found in Arotio rogiooi. Beat 
from ArtflMiai^ district and othem from OreenbuML Tnr 
soft and wowft <d a Uue eolfl«r« bail of a greybliio 
oolmir. 

OmiinmM Jfom. Bnropean red fox. 

Oran Foa (Onmi eulrit pim m9 ha mieu §). Found in North 
lmerica--bist oomo from the Hadaon*s Bay district. 
Fur pale in ootoar ; hair darker at the tips, the darkest 
parts being along the spine and aoross the sbooidetSi making 
a disUnot eroas ud). 

Gng iikmii Found in America. 

For gr^h or yelknrish ; hair silver-grey on the back, 
more yellow on the sides. 

Japan Fen (CMe neoet/^motiMh Poorer in quality than 
above. Hair jreyisb and somewhat still and short C8ft]. 

KUt F<m iomM vekw). Foimd in some parts of Bnssia 
and In Noiltii-West AjmIoo. Skins small ; for and hair 
rather s<dt. 

and Fen. Name usually given to red fox from Oermany 
and Switierland. SmsMef and poorer than Asiatic and 
kinds. 

JBcd F 00 (CMt vubMi), Found all over the northern 
hemisphere. Some of the best come from America, of 
which there are two varietlee— western and eaatem— the 
former being the flnerw Very fine skina are also obtained 
from North Bnrope— those from Finland are, perhaps, 
the best. Very fine skins come from Asia, the Kamchatkan 
kind being partionlarly good. Ck)loar of for various, yellow- 
ish to blue-grey. Btatr yellow to a rich dark red [8c and c]. 

sum Fm (Zanft wOp^ argenUdna), A varied of the 
black fox obtained In Bnssia and Nm^ America. For dark 
m ooloor, hair silvery white. 

WktU Foe iCkmU isgopoi). Found In North America 
and In North Asia. For and hair pore white, though the 
former often has a tinge of bine. Bometimea darker hairs 
are present. These lower the value of the skin. Bnormous 
numbers are dyed variooa shades I8a]. 

Onnat* [Sw Oat.1 

Oont (Capra MireucK Found in many parti of the world. 
The Angoim possesses fine silky fur, ana is largely employed 
in themakiiigof rugs. Certain kinds of goat obtained from 
Thibet and China come into the liondon market in enor- 
mous quantities, and are daasifled according to ooloar into 
** whitM,'* ** greys," and " natural blacks." The best skins 
of the last-niuned dsss are dyed to imitate bear, and are 
much used in the mannfacture of rugs. Some of the finest 
come from China and Manchuria. 

OuauMioo (Zoma ocuc). Found in South America from 
Beuador to TIerrm del Ftwgo. Colour reddish to y^ow. 
Ch|^ employed for making carriage rugs, etc. 

Hamntar iCfriottm frnmmUertm^. Found in large num- 
bers In Germany and on the ContiBent. Fur and hair short, 
yellow to grey, with eurtous^ shaped Uack markings 
dosm the back. Made into linings for coats, eloaks, etc. 

naiw (Icmic ciweMNct}. Found In northern hemisphere. 
Fur soft and fine, hair long and fine, pelt weak. Pure 
wmte found in Kussia and Siberia In enormous numbers. 
Thousands used in this country in the natmral state, and 
dyed to imitate the more ooet^ varieties of furs. Sold by the 
poud (a Enssiaa messure). Value according to the weight 
miMNids of 100 skins. 

Kalugu (Spemo^Uut eUUma), Found in Central 
IBnrope and Siberia, practically no fur, but very short 
hsir. Poor skins In sfvery way, both as regards fur and 
pelt. Oolonr grey, yellow, at reddish. Made into coat 
finings, etc., and <dten dyed some darker odour. 

Kmiifinvoo* Vsrloos. species used to a slight extent. 

MLoUonkl (Muttola siMrica). Found In Korthem Asia. 
Fur soft and short, of a Uue-grey edour in the ground, 
lighter on the top: hair vmaw to orange-rod; skins 
generally dyad to look like sable, and used for mufls, stoles, 
etc. The hairs from koUnski tails are used in makhig 
artists* tarushss nenoUa. 

I^mb (Mi ari«i{r]fisny varistiss are known in the fur 
trade, and have received names according to the districts 
from wfaieb ttiay are dbtainedr-c.f., Fetaiaa, Srimmer, 
Ukraine^ Aatradmn, etc. The fur is curly, tbs valna 
dyandim^thasiroan^tlAtoiSs Thabetter 

^ Pmunaimto tha most vahmhlc^ as, when dyad, it 
takes a most baantiful gloss. Gkrdim, Astnehaa, ate., 
aro less valnalila. but are uucaelyuSBd. Oolonra are vfffkMSi. 
A eertateimSar ol pm^to araSMuraiM 0 d.in thejuti^ 
«ro dyad^Wadi and uaurior mniC 
^ ootim and^Unlnga, eCT^fittnk 
Jg^** twmtor qy^ia SMoiai bom pnmM 

— ^ Wedam mopahia n kamci wool, 

^^Md lar ru8s» ate. 


|Ana (Fdii loo). Used for rugs, ate. 

LmuJi {FdU Ipne). Obtained In Burgpe. An American 
n>cews(F.f^)tt also used inrfur work. Fur grey, yellowish 
or bluish. Hair fine and soft, of a greyish edour, fieeked 
vrtth hlaok. Msny used natural for ties, etc., some dyed, 
Sbialty blue and biaek colonrs. 

Mnraant lArotomeo), Varioni snedes Ai rfmitMid In 
and Alla are employed. Blfferant Idnde are knofra iy 
special names— e.f., Orenberg marmot, Tarrabsgan, etc. — 
and the values dam aooordmg to the kind. Fur is rathsr 
harsh, generally of a greylsb olacfc odour in the ground, 
beooining lighter and more yeUowish red at the top. The 
hair is redauh. often ^speckled with Uack, and rathsr stiff 
and harsh. The sldns are generally dyed to imitate the 
mcae eoctly saUe. 

Mavton, Various species belonging to the genus 
Miatola are used. The whole genus is cnaracterised by a 
certain softness and richness of the fur, which makes them 
amongst the most highly esteemed furs. 

AmoficanUartmiMuiUlaamorieapa). Found prlndpaUy 
in the Hudson's Bay district, Labrador, Alaska, and esHain 
other parts of North America. The fnr is bluish grey, 
except under the throat, where it is a yellowish v^te. 
The top of the fur Is lighter in colour, and the hair varies 
from a light yellow to a rich dark brown. Next to the 
Buasian sable, it is the most vaiuaUe skin of the marten 
tribe. The darker the skin the more valuable It becomes. 

Bowm MartOn {MtuUla motrUo). Found in Central and 
Northern Bnrope and in Asia. Fur rather like that of 
American marten, but somewhat lighter. The hair is fine 
and sofL and varies in colour from light ydlow to dark 
brown. The fnr on the throat is of a yellow to deep orange 
colonr. 

Fiahor fifoflen. [See FiSHBB.] 

Japanooo MarUn. This is a much less valuable for than 
the preceding, both on account of Its haisber nature and of 
its brilliant coionring value, which ranges from yellow to 
orange. ‘ 

Jitpaneae Sabla. In diaracter this skin rather resemUes 
that of the Chinese sable, which seems to be a variety of 
the EBMian sable. 

EtiMion 8abU (Muatala tibaUina). One of tiie most highly- 
prised furs. The fur of the but skins is of a rich, grojdsh 
Une in the ground, becoming somewhat lighter towards 
the top. In character it Is exceedingly soft and " fqll." 
The hair Is dark brown and glossy, and here and there 
greyish hairs are to be seen. The Ughter-cUonred sir»«s are 
much lase valuaUe and are frequently dyed to look more 
like the darkwr natural skins. 

Stona MofUn (Muatala foina). Found distributed over 
Southern Europe, some of the finest skins being obtained 
from Turkey, and in certain parts of Asia. The fur is of a 
lighter colour than that of the other martens, and is 
generally of a pale greyish Une colonr, though in many 
skins it is almost white. The hair Is very long and less 
soft than in the other species. In the best skins it Is of a 
dark brown oUonr. 

Mtn k (MuaUta). Various species are used. 

Suropaan Mink {Muatala /tdrsoto). Found in Poland, 
Euisia, and Eastern Europe generally. It is known as 
"nfirts" or " snmpf-otter," and is not used in large 
quantities. 

Amariean Mink {Muatala viaon). Ooonrs in America. 
The fur and hair are shev t. and vary from a pale yellow to 
a ri<h brown. The upper Up is generally white, and there 
are also white natohes on the breast, 

^ JopoNCM MM {Muatala aibiriea). Gosely alUed to the 
Siberian mink, and resemUee the polecat trftie. Its fur is 
short, rather haMh, and of a yUlowish colour. 

Molw {Talpa Furopaaa). Found distributed sU over 
Europe. Very fine, s^ for, short and close, of a Uuish- 
gr^ oolonr. Has been used In exceedingly large numbers 
dunng recent yesrs for iackets, etc. 

lioiMlfaus. Under this name are included the skins 
of varioos animals nom Thibet and China. The skins of 
oertaln kMi from these districts are seqai together In the 
form of a Maltese eross, and aro known as China kid 
The small pieoes of fur whidi cover the legs sro 


also made up In a sTmilar fashion, and are sold under, the 
name of ‘'l^eg oroeses." They are gmierolly otassifled 
according to colours, four principal varieties belngrecognised 
—via., gray* white, UaUc, and mixed, or spotted. The value 
d^^ds on the quaU^ and leiigth of the fur, the longer 
and ooaiser varMes being the least valuable. The name 
"Mongolian" is oftsn used as synonymoni with Thibet 
lamb, a speelee of sh^ having ** 

MonKoFf Oertahi inMoiisiD 


having long^soft, early wool. 

Afrkn,wlth fur 


ir). 3h»and inyaHous dis^ets 



cjs blff^^iisa and Msaa^ dS 


fiMUMPady darki tiie fnr s a f ti dose. 


aUB 



Mid ol a ridi» grey-bliie to slate colour. When V pulled/' the- 
for ehom eo as to be of about 14 miUlmetres in length, and 


■quash/* which is obtained from Maryland and Delaware, 
is of much greater value than the ordinary kind. 

Nutria {M^ttpoUmw coppu). Found in the Biver Plate, 
. South America. The hair is coarse and stiff, and is usually 
removed by ** nulling/* The fur is short ana close, and of a 
rich brown colour. For use as trimmings for ladies’ gar- 
ments it is often " silvered.” [Bee Bbaver.] The fur of 
skins of which the pelt is damaged is much used for felt 
manufacture. 

Opossum. Two varieties are used by the furrier — ^the 
American and the Australian. The characters of the furs 
of these two animals are quite different. In the American 
opossum {Did^phv virginiana) the hair is long and 
coarse, often split at the ends. The fur is generally white or 
ashy grey. In the Australian opossum (PhalangUta wdpim)' 
the hair is shorter, less stiff, and the whole meet is more 
woolly than in the American .form. The colour is usually 
blue-grey on the back, while the belly fur is white or 
yellowish. 

Otter iLutra). The otter is found distributed over a 
large j^rtion of the earth. The European species is JaUm 
titlgarttf and some of the best skins come from Norway, 
though occasionally good ones are obtained in the Shetlima 
Islands. The Canadian otter {LtUta eanadensU) is also 
largely used. A very large otter is obtained in South 
America (Lutra hrotaienitM), and a certain number of these 
skins are used by the furrier. The African species (LtUfa 
eapetuit) is large in sise, but the quality of the fur is rather 
poor. 

Sen Otter. fSee Sea Otter.] 

FlatypuaCOfnt^Aorhgftcns paradoxue) . Found in Austra- 
lia and Tasmania. The fur is not of first-rate quality, and 
lias but a very limited use. 

KnbUt {Leput eunieulus). Found all over Europe, and 
its fur is perhaps one of the most largely used. Many 
thousands of tame rabbit skins are used on the Continent. 
WThen shorn and dyed they are used as an imitation of seal- 
skin under the name of “ electric seal.” Several varieties are 
known to furriers and for merchants, and amongst them 
may be mentioned Blue Babbit. The last-named is used as 
imitation ermine, and for millinery purposes. The fur is 
also largely employed in the manufacture of felt for hats, 
etc. The American rabbit has fur more resembling that 
of a hare. 

Raccoon (Proeyon lotor). Found in North America. 
Fur long and well developed, greyish cw yellowish grey in 
colour; hair often flecked. Pelt strong and durable. 
Dw^ely used for linings and rugs. The tail is ringed with 

Sea Otter (XafOjT lutrie). One of the most valuable furs 
at present in use. Found in the North Pacific. Formerly it 
was comparatively common, but persistent hunting has 
gTMtly reduced the numbers. The fur is very full, rich, and 
s<rft, and its colour varies from a greyish brown to an 
exceedingly dark brown. The pelt is extraordinarUy strong 
and thick. 

Seal. Under this name are included many species which 
may be conveniently divided into two main groups — ^the 
fur seals and the hair seals. In the former class the fur is 
very thick and soft, while in the latter it is reduced to a 
minimum. 

There are four species used in the fur 
classified according to the districts from 
which they are taken. 

Alaeka Fw Seal (Otaria ureina). Found in the Behring 
«id the mreatest numbers are taken on the s^ 
teaches of the Pribylov Islands, and those belonging to the 
Ale^iw l^e hair is stiff an(|^ strong, the colour 


w wnnu, wiu uauuy cuTteo. vxms aescnption 

aj^es in the nudn to the other three varieties of fur seal.) 
Tiie sealstakcm in the open sea and known to commerce as 
” I^ort^West Cioast sedte,” as well as thoM; taken off the 
coMts of the Cmper Islands, also belong to this species. 

Horn awl (Otaria auttraUe). Found in ute South 
PMlfic. l^bo* ” skinsj^caught near the Xioboi Islands, 
belong to this species. Ihe fur, as a rule, is not to thick 
as in the Alaska seal. 

in characters to the Cape Horn seal. 

New ^ (OUiria fonteri). Found near New 

2Mand Md In ^ Bouto Sea Islands. The fur In favour- 
able spedn^ of tenth 8 m skins ” is very long and full. 

The qi^ty of the fur depends to a gmatMtent mxrn 
the age of tte a^n^. Three or four year old seals ge^ 
■By possess the rictest and thickest fur. Acoordiiig to the 
sito th^ m torted a^ named as foUows, beginnb^wlUi 
the largest : Wi^, middlings, middlings and smalls, laige 
. 6428 


> young of various species of hair seals 
vhitecoats. The fur is 


pups, middling pups, small pups, extra small pups, grey 
pups, and black pups. Furthu details concerning lur seals 
is ^ven later. 

The Heir Seale t9]. Various species from tlie 
Pacific are known to commerce— s. 0 ., the Cape sea lion 
(Otaria jnbata), the Northern sea lion (Otaria eteUeH), 
the Californian hair seal (Otaria Oille^i), and the Austra- 
lian seal (Otaria MkUa). Those most fr^uentiy met with 
are the Atlantic varieties, of which the following are the 
most commonly used. 

Orey Seal (Halieheenu orypue). Found in Nortli 
Atlantic. Certain numbers breed in the Shetland Islands. 
.-'Nfttrvery plentiful. 

Common Seal (Phoea vituHna). Found all round the 
British coasts. The hair is yeilowish with black spots on the 
back and fl a nks , yellowish white on the belly [9c]. 

Ringed Seal (Phoea hiepida). Found in the North 
Atlantic. The hair is stiff and of a yellowish colour, marked 
down the baok and flanks In the form of rings of bine or 
black hair. 

Blue-baek (Phoea greenlandiea). Found in the Northern 
seas. The hair of the back is a bluish grey — sometimes quite 
a dark blue, while on the flanks ana telly it is white or 
yellowish white [96]. 

Whitecoat. The y( , 

having their first coat are known as wh 

soft, the hair softer than in the adult, and vmying in colour 
from silvery white to light yellow. Some are even of a pale 
orange colour. The hair seals are used chiefly for the making 
of coats for motoring, though whitecoats, when dyed, are 
used for making milltiury caps, etc [9o]. 

ShoM (Oeie). Three kinds of wild sheep are used in the 
fur trade — ^vit., the argali (Ovie grgali)^ from Siberia ; the 
moufflon (Ovie mticimon), from Sardinia ; and the American 
sheep (Oeie montaw^. There is generidly a stiff hair and a 
soft uuder-wool. The former b usually removed by the 
process known as ” pulling.” 

The lambs are very largely ur.ed under names denoting 
toeir place of origin — c.g., Astrachan, Persian, Ukraine, etc. 
Caracule, from the south of Bnssia, is largely employed. 

Slluall (Mephitie mephitiea). Found in North and 
Central America. Of a dark brown, almost black colour, 
with dark under-wooL Generally, there is a more or less 
well-defined white stripe of a v-shape. Dark skunk are 
valuable sklus, both on account of their colour and dura- 
bility. The white stripes are often cut out, sewn together, 
and then dyed to imitate the darker portions. Largely used 
for muffs, ties, collars, etc. 

SttuirraKSeiurtievulgarie). Found in the northern parts 
of Europe, Asia, and America. The common red squirrel is 
not much employed, the kind cliiefly valued being the 
Bussian and Siberian. The fur is soft, full, and of a rich 
dark slate colour, and the hair is grey, slightly flecked with 
a darker blue. The telly is white, while the flanks are often 
subtly red. Squirrel is largely used f(»r coat linings. The 
skins are divided into back and belly, and the ba^ made 
into what are known as sacs. These, when dyed of a sable 
colour, form a very tolerable sable imitation. The tellies are 
also sewn together to make "squirrel lock sacs.” The test 
varieties of Bussian squirrel are known as Obsky,Tobolsky, 
and Lensky. 

Sualiki. [See Kaluga.] 

Thibat LAmb. [See Monooliak.] 

Tigor (Felie UgrU). Found in Asia. Chiefly used for 
making rugs, etc. 

Vlounla (Lama vieunia). Has practically the same 
distribution and characteristics — as regards mr — ^ai the 
Guanaoo, and the skins are employed for sin^ar purposes. 

Wallaby (Petrogale xardhopue). Found in Australia. 
Fur soft; hair rather long, and of a greyish colour. Largely 
used when dyed as an imitation of skunk. 

Wbitacoat. [See Seal.] 

Wolf (Corns lujme). Found in the northern parts of 
Europe, Asia, and America. Hair fine, wool soft, and very 
liable to ** felt.*’ Best come from Siberia and the Hudson’s 
Bay district. Colour varies from y^owish grey to blue, 
some skins having hair that is almost black. 

WolTorlno (ChOo borealit). Found in Arctic regions 
Known also as the Glutton. Fur soft and thick. Colour 
somewhat similar to that of the wolf. 

The Trade in Furs. At the present day 
there are certain recognised centres of the fur 
trade, and to these almost all the skins are thought 
and sold either by private treaty or by puUic 
auction. Amongst these centres are .London, 
^ip*ig, Nijni-Novgorod, and Irbit To the London 
market come all the goods belonging to the Hudson’s 
Bay Company. These are sold public auction 
twice a year, in January and March, the chief skins 
being l^ver, musquash, red fox, white fox, oross 
fox, kitt fox, silver fox, mink, otter, Amerioan 



maj^ (known as Hudson's Bay sable), fislier,lynx, 
wolwerine and woH. 

Furs ooUected in America otber than those of the 
Hudson’s Bay Company are sent dixeot to liondon — 
and a small number to Leipaig— where they are 
reoeived by oommissioa agents ma subseo^uently sofcL 
To London also come most of the South American 
(ehinchilla, guanaoo, nutria, etc.) and Australian 
furs (opossum, wallaby, kangaroo, etc.)* as well as 
large numbers of what are known as ** China goods/* 
including goats, Thibet lambs, China kid, and kid 
crosses, Jap fox, Chinese sable, weasel, kolinksL 

The fur sales in London take place in January, 
March, June, October, and December. At the 
December salM practically the whcde of the world’s 
seal catch is disposed of to merchants, who distribute 
them between London and Paris for dressing, 
dyeing, and those subsequent operations which are 
necessary before they are reacfy to be made into 
jackets and other abides. 

At the March sales, which 
are the largest, almost 
every conceivable variety 
of sldn is to be seen, and at 
this time of year certain 
parts of the (;ity seem to 
be more than usually cos- 
mopolitan, for merchants 
come from the ends of the 
earth to prepare for the 
following wmter. The 
China goods are sold mostly 
in January, and, as in 
every other branch of trade 
to-day, there is a tendency 
to specialisation to be seen, 
for certain business houses 
devote almost the whole of 
their attention to this 
China trade. About Easter 
time, liOipzig presents a 
similar cosmopolitan 
aspect, for then the great 
fur fair is held. At this 
fair the majority of the 
goods sold are those 
obtained from the Conti- 
nent of Europe — including 
part of the Kussian pro- 
duce, and, in addition to 
the various kinds of sable 
and marten, such as stone 
and baum marten, fitch, 
kolinski, etc., large num- 
bers of American skins — skunk, beaver, musquash, 
etc. — are sold. 

To Irbit, one of the centfes of the Russian trade 
in furs, arei brought Russian furs, such as marmot, 
hare, and fitch, white fox, ermine and squirrel, as 
well as lambs of many kinds — Persian, Ukraine, 
Krimmer, Astrachan, and others. The skins are 
sorted, half-mepored, and sold, to come eventually 
to Western Europe, often via Iielpcig and Lmidon. 

The fair at Nij^-Novgorod was fcnrmerly the 
greatest in the world. Here, East and West met to 
hagg^ and barter, buy and sell To-day, however, 
it 18 of considerably less importance, though still 
the centre for Siberian goods such as ermine, hare, 
sable, squirrel, and other furs. 

At the London sales aXL goods are sold by public 
auction to the highest bidder. Goods must bo 
cleared from the warehouses 1^ a certain fixed datft, 
so ^at many merchants and furriers who do not 

“ I to have their goods worked immediately have 



1. IHB FUBSIBR’S lOOLS 
a. Beaming knife b. Furrier’s knife e. Shaver's 

Sleeker e. Unhairer’s pulling knife /. Blubbering 
knife g. Moon knife Jk Cross-handled shaver's knife 


them warehoused. Some skins are best kept in cold 
stores; for others it is sufficient to put them away 
at the ordinary temperature with some substance 
which will prevent them from beii^ attacked by 
moth. Camphor is excellent for this purpose, but 
on account of its lower price naphthalene is much 
more largely used. 

Tarlifn and Duty on Fnro« The CHistoms 
duty on furs was abolished in 1645 after having been 
reduced three years parlier, so that all skins, whether 
raw, dressed, or dyed, come into this country free 
of charge. The same applies to Germany, but in 
France, dressed and dyed skins are charg^ duty 
accoiding to tariff, with the exception of certain 
China g<>^, and some kinds of hair seals. 

All raw goods are admitted duty free into the 
United States, but charges are made upon dressed 
skins amounting to about 20 per cent, of the value, 
while for manumetured articles an even higher rate 
is charged. 

There are also certain 
tariff charges in Canada 
and some of the Australian 
Colonies. 

So much then for the 
trade in raw products on 
the large scale. The 
courses usually adopted in 
retailing are two in number. 
The merchant, havii^g 
obtained his goods, sorts 
them according to colour 
and quality, and either 
sells them in the raw state 
to the furrier, or to 
another merchant, or 
hands them over to the 
fur-skin dresser and dyer. 
By the latter they are 
dmsed — that is to say, ’ 
the hard, homy skin is 
converted into a soft, 
pliable pelt of the nature 
of chamois leather, and, 
if necessary, shaved down 
to a suitable thickness. 
Certain goods require dye- 
ing in order to improve 
their lustre and colour 
generally, or 'SO to change 
them in appearance that 
they resemble a more 
costly and pli^asing fur. 
From the dresser and dyer 
ass onoe more into the hands of the merchant ; 
lim to the furrier, and so to the retailer of 
Certain furriers, however, . 


steel 


they I 
from! 

the finished articles, 
prefer to buy the raw goods from the merchant, 
and haw them prepared according as they are 
needed, this applying particularly to the more 
valuable varieties. 

Prices of SlUne* In the following list, the 
{»rioes and numbers given are only to be read as 
approximate. It k impossible to obtain accurate 
figures as regards numbm .on account of the enor- 
mous amount of business that is dotfe by private 
treaty at the various Continental fairs, an^ in 
addition to this private sale there is still, 4t Leipsig, 
at any rate, a certain amowt of barter. Russian 
merchants, for example, exchanw Persian lamb for ' 
the red fox of Gieir (Wman toeuiren. Amemgst the 
■kins which are sold by auction to only a small 
extent are squirrel, marmo^ fitoh, nutria, baum 
and stone, marten, l»>)]n8k!, and Persian lamb; 


and of these any figures that 
may be given represent but a 
small fraction of the total 
number. 

« With regard to prices, we are 
again forced to approximate 
figur^ As a rule, two prices 
are given, the one representing 
the lowest grades and the 
other the highest. Between the 
two are innumerable values. 

There are various causes 
which determine the prices, 
the nrincipal being demand, 

Yhibn is rmed by we dictates 
of fashion, and supply, which 
is practically beyond control. 

A few seasons ago, there was 
a large demand fm* moleskins, 
and whilst the fashion lasted 
millions of skins were made 
up into jackets, muffs, and | 
other articles of wearing 
apparel. At the present time 2. fleshi 

the demand is considerably 
lessened, and, in consequence, far fewer skins come 
to the market. Persistent hunting frequently causes 
a shortage in numbers, and disease and increase in 
the number of the natural enemies of fur-bearing 
ajiimals arc also contributing factors. 

APPROXIMATE PRICES AKD NUMBERS OF PURS 
ON THE MARKET 



Badger . . [etc. 

17,214 


VhIu^ p^r itklo. 

is. to £1 

Bear, Brown, Black, 

15,744 


5b. „ £10 

Polar. 

153 


£1 „ £25 

B^ver 

48,975 


lOs. „ £2 10s. 

GUnchilla (real) 

8,935 


48. „ £7 lOs. 

„ (bastard) 

36,088 


Is. „ £1 58. 

Cat, fclvet 

79,065 


Is, „ 28. 6d. 

„ House 

58,122 


2d. „ 28. 6d. 

„ Wild 

16,070 


is. „ 7 b. 6d. 

Ermine 

13,022 


Is. „ lOs. 

Fisher 

4,900 


5s. „ £3 

Fitch 



6d. „ 5s. 

Fox, Bine 

3,589 


£1 £9 

Cross .. 

5,438 


58. „ £5 

Grey .. 

55,688 

is. 

6d. „ 5s. Od. 

Japan 

83,420 


38. „ 8s. 

Kitt .. 

5,252 

Is. 

6d. „ 5s. 6d. 

Bed .. 

74,773 

28. 

6d. „ £1 158. 

Silver . . 

1,546 

29,054 


£2 „ £220 

.. White.. 

78. 

6d. „ £2 

Goat 

Kolinski 

Lamb, Astrachan 

Krimmer . . 
Persian 
Ukraine .. 

3s. 

Is. „ 7 b. Od. 
Is. „ 4s. Od. 
Is. „ 8s. 

38. „ 58. 

128. „ £1 

6d. „ 68. 6d. 

lAriix 

Marmot 

58,019 


Os. „ £2 2s. 

— 


2d. „ 38. 6d. 

Marten, American . 

98,129 


158. „ £16 

„ Baum . .. 

— 


128. „ £8 

„ Japan 

14,575 

2s. 

6d. „ 128. 

,, Stone 

Mink 

— 


58. „ £1 

241,000 

2s. 

6d. „ £2 

MonflBon 


4b. „ 78. 6d. 

Musquash ' . . 

Nutria 

6,335,820 


5d. „ 8s. 

Opossum, American 

422,494 


6d. „ 8s. 

„ Australian 

1,028,640 


6d. „ 8s. 6d. 

Otter 

16,637 


68. „ £10 

Raccoon 

366,142 


Is. „ £16 

Enssian Sable 

19,423 


Is. „ £25 

Sea Otter . . 

840 


£2 „ £200 

Seal, Fur .. 



£1 „ £10 

w Hair • • • , 

7,585 


Is. » 10s. 

Skunk .. 

908,688 


"Is. 7^T4s. 6d 

Squirrel 

Thibet 

— 


6d. , U- 

850,000 

2s. 

6d. „ 7s. 6d. 

Wallaby .. .. 



Is. „ 6s. 

Wolf 

48,112 


Is. „ £2 lOf. 

Wolverine . . 

1,063 


Is. „ £2 lOs. 


There are few who would 
recognise as things of value 
the rather unpleasant skin 
of fhe fur seal as it oomes 
to the fur-dresser, covered 
with salt on the fur side, 
and its natural coat of 
thick blubber on the pelt side, 
or the shapeless • looking 
object with - a hard, horny 
skm which later forms part of 
my lady’s sable set. Yet it is 
to this recognition of value 
and quality in the raw state 
that most capable fur mer- 
chants owe their success ; and 
it is due to the skill and energy 
of the dresser that the pelt is 
made into leather as soft as 
chamois, and the fur and hair 
cleaned and laid as Nature 
intended, so that the unsightly 
and often evil-smelling raw 
2. FLESHEB AT WORK skin becomes a thing of beauty 

and a joy to its owner. Fre- 
quently, furs which are inferior in natural colour 
are dy^ to resemble the more pleasing skins, and 
of this process more is said later. 

Curing the SRins. The first process, the 
curing of the skins, is usually performed by those 
engaged in the work of capturing fur-oearing 
animals. It consists essentially in removing the 
skin with its attached fur from the body, removing 
excess of fat, and drying in the air. Certain skins, 
however, such as fur seals, bluebacks, calves, etc., 
are dressed with salt before packing. Mention 
is made of this later when considering the dressing 
of seals. 

As stated, in the case of most animals the skin 
is stripped ^om the body and dried. This removal 
of the skin is usually effected in one of the three 
following ways : ( 1 ) An incision is made in the middle 
line of the ventral surface from mouth to rump, 
and the Sikin carefully cut away. This meth<M 
is almost universally employed in the case of mar- 
mot, chinchilla, and Australian furs, such as 
wallaby and opposum. Large skins-— e.g., bear, 
goat, sheep, etc., are also treated in this manner. 
(2) The animal is opened at the mouth and rump 
and the body of the animal drawn through. This is 
by far the most usual practice, and most of the 
smaller skins with which the fur dresser has to deal 
are thus obtained. (3) The body is drawn through 
the month, leaving the rump or “ breech ” end 
closed. Usually the legs and toil are opened and the 
bones removed, though so cleverly is this method 
employed by certain hunters that although the 
breech is not opened the tail and leg bones are taken 
out, in all probability with some sharp rod-like 
instrument. Many Russian sable and stone marten 
come to the dresser in this fashion. 

One animal — the nutria, from the River Plate — 
is remarkable in that the belly fur is better than that 
of the back, and in consequence the removal of the 
skin is always effected by making a longitudinal 
incision down the centre ox the ba^ instead of the 
belly. As a rule, the head, legs, and tail are left 
attached, though this is by no means a universal 
custom. In seals, the fore flippers are out off, and 
in thq skin aa received from the otudng house are to 


to the market minus heads axid tails and legs. 
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Tii0 BryittS ProeeM. Whence tlie ijaethod 
of saJting is not emplovod, the n»t proofs is that 
of drying. Where tne skins are “based** or 
“ round obtained by method 2 and- 8 

abore— they are dried with the to inside. If 
“ open ’* — ^method 1, above — ^the skixis are merely 
spread open, pelt uppermost. It is diMng this 
c&ying that a certain number of skins t^ome 
“ Dumt,” owing to great heat, or sometiines on 
account of “ taint’* present in the skin. When a 
skin is “ burnt,” the pelt is converted into a very 
hard, homy substance which resists jail sub^queht. 
attempts to convert it into leather. Soma slons. 
seem much more liable to this burning than others ; 
for example, one frequently finds burnt patchy 
in bear, wallaby, and marmot; more 
rarely in' fox, sable, squirrel, and 
such-like small skins. Seals are cured 
with salt, laid in piles, and after 
remaining in the salt for about four- 
teen to twenty-one days, are corded 
up in rolls and shipped. Ordinary 
dried skins are packed in bales, fur to 
fur if ” open,*’ pelt outwards if 
“ cased,” though naturally the exact 
modes of packing differ according to 
the kind of skins and the customs of 
the district from which they come. 

The first operstion necesMuy for 
the conversion of the skin into 
leather is the one known as fleshing. 

The skins are first treated with water 
— sometimes with a weak brine — 
allowed to remain a certain length 
of time in order to become soft, 
and then the surplus 
fat and connective 
tissue removed by 
pulling them over a 
knife of the type 
shown in 

Grease Dress- 
ing. The skins are 
then .eady for the 
next operation, 
which is that of 
greasing. For this 
purpose, grease of 
special nature 
(English dressers 
generally uto animal 
oils, while in France 
colza and other 
vegetable oils are 
employed) is 
smeared over the 
• pelt, allowed to soak 
in, and then the 
skins are subjected to a process by which the fate 
are driven into the substance of the pelt, rendering it 
soft and pliable. This is accomplished in one of two 
ways, according to the nature of the pdt. For small 
skins and such as possess a tender pelt the {n'ooess 

feo% tubbing is employed. The skins, thoroughly 
greased, toe placed in tubs inclined at a sluht 
angle to the vertical, in which men with bare tot 
stand. By a continuous up and down motion of 
the feet tne skins are constantly turned over and 
over, the grease is woriLed into the substance of 
the sidn, and the result is a soft, supple pelt. 
During this process, a certain amount of heat is 
developed by the constant friction, and thte in no 
small measure helps towards the accomplishment 
of the object te question. 



DRUM FOR CLEAKlSrO 
SKIKS 



SHBJ3P SKm DRYING 
FRAMB 


. In the case of skins having a stronger and heavier 
pelt a different method is employed. After greasing, 
they placed in a mill wnioh consists essential^ 
of a bbx into ^hioh a wooden block descends. This 
bliobk is attached to the end of a lever, and the whole 
Is so eonstrudted that the skins receive a hard blow 
at th$ moment of the fall of the lever, and at the 
same time aie. pushed slightly away from their for- 
mer position*. Here, again, a turning is effected, 
and the amount of heat developed is quite con- 
siderable. This method is the one always followed for 
heavy, skins, Jiuoh as seals, bluebaoks, wallaby, etc., 
and is, of^oourse^ more economical than the slower 
process of tubbing. As might be expected, the length 
of time taken in each of these operations varies 
enormously. In some cases the 
skins are greased again, and the 
leathering process repeated. No 
definite rules can be given ; the 
judgment of the dresser alone can 
decide when the skins are suffi- 
ciently leathered. 

Removal of Earceae of 
Greaae. The skins at this stage 
are very greasy, and require careful 
cleaning Mfore they appear in any 
way presentable. The chief sub- 
stance used as an absorbent for 
this excess of grease is sawdust, 
though other materials are used, 
such as plaster of Paris and French 
chalk. Some French dressers some- * 
times mix a small amount of fine 
sand with their dust in order to 
secure more perfect cleaning. The 
greasy skins are 
worked about in 
the dust either in 
the foot- tub or in a 
mill like the one 
described above, 
except that it is 
boxed in, and so 
has received the 
name of a box-miU, 
Finally, the skins 
are turned fur out- 
wards, if cased, and 
the fur cleaned in a 
similar fashion in 
what is known as 
a drum [8]. A drum 
consists of a hollow 
cylinder of iron or 
wood mounted on 
an axle and capable 
of rotatiem about 
this as an axis. Into 
the drumsare placed the skins and sawdust, or what- 
ever the cleaning material used may be, and the 
drum caused to revolve for a varying len^h of ! 
time. To free them from dust, the operation of‘ 
caging is necessary. The prOorss is a simple one. 
They are placed in a wire cage, mounted like the 
drum just mentioned, and as the cage revolves the 
particles of dust are beaten out, and fall through 
the meshes of the cage. 

Finally, the skins are skaped*— that is, stretched 
BO as to look somewhat natural in appearance, 
and, if necessary, the pelt knifed^tkat is, pulled' 
over a knife similar to the one used by the 
fiesher [8], in order to further sefften it and to 
remove inequalities; beaten with canes in order to 
free the wool from felt and to make it free and 
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SKIN DRYING 
HOOP 



flowing, and any ^ts of the pelt which may be 
tom carefully repaired. 

This, in short outline, is the mooess of mase dress- 
ing, but there are so many details to be carefully 
obserred, and so many pitfalls for the unwarv, 
that it is only after much experience that really 
good work can be obtained. 

Other Methods of Dreeeing Furs. 
Many other methods of dressing we in vogue. For 
example, the white Russian and Siberian hares come 
to this country in the dressed state ; the leather, 
which is not by any mews 
good, is made by soaking 
the skins in a solution m 
alum to which barleymealis 
added. On drying, the pelt 
is left white; and is coverod 
with very fine dust — ^a mix- 
ture of alum and meal. 

China goods, such , as 
goats, Thibet lamb, and kid- 
crosses are native-dressed 
with Glauber’s • salt and 
rice flour. This, like the 
Russian method, does not 
give a leather which is at all 
to be compared with that 
obtained by grease dressing. 

Much of the German 
dressing is done by a quick . 
process involving the use of 
sulphuric acid. For certain 
skins this method seems 
peculiarly well adapted, 
though for others the re- 
sults are interior to those 
obtained by the grease 
method. 

The dressing of long- 
haired sheepskins is usually 
done with alum and salt. 

The skins are first scoured 
with soap and soda to re.- 
move grease, the pelt is 
scraped with various kinds' 
of knives — «.gr., beaming 
knife [laj, and then a solu- 
tion of alum and common 
salt is rubbed into the pelt, 
this last-named operation 
being repeated several 
times. The skin is then 
stretched out in a frame as 
shown in 4 and allowed 
to dry slowly. 

Fur Seftl Dreaaing. 

In the case of fur seals of 
all kinds the procedure is 
somewhat different, and is 
as follows: First of all, the 
thick coating of fat is re- 
moved by what is known as 
hhibbering. The skin is laid, pelt uppermost, on a 
1>cam similar to the one used by the nnhairer 
(6], and the fat scraped off with a special kind of 
knife — a blubbering knife [1/J. After this the skins 
are washed in a warm solution of soap and soda to 
get rid of grease from the fur, and they then undergo 
the process of hooping. This consists in stretching 
out the skin in^an ov^ iron hoop by means of string 
passed alternately through the edge (ff the iddn and 
round the hoop. Figure 6 shows a seal in the hoo] 
Next follows the process of unhairing, 
explained, the fur seal possesses a 



under- wool and stiff upper hairs. By wetting the fur 
and then drying quioluy these latter are so much 
loosened as to be easily removed by means of an 
unhairer’s knife. The skin is placed over a beam, wd 
the hair removed by a pushing motion of the knife. 
An unhairer is seen at worl: in 6.^ Even after 
this some hairs are left, and to get rid of these a 
pulling knife [le] is used. The hair is caught 
l^tween the blade and thumb and pulled out. 
This process of pulling is usually, employed in 
dealing with otter, beaver, and nutria. 

There are probably no 
trade secrets so jealously 

§ U8jrded as those of the fur 
yer. The particulars the 
composition of various 
colours and dye-batVis are 
known only to a very limited 
number, and these par- 
ticulars are handed down 
from generation to genera- 
tion with such modifications 
as are of necessity intro- 
duced. 

The principal centres of 
this industry are London, 
Leipzig, and Paris, though 
the work is also carried on 
to some extent in various 
towns in France — c.f7., 
Lyons — ^in Belgium, and in 
America. 

Materials Employed 
for Dyeing Fure. When 
it is rememDered that the 
majority of the furs used in 
every-day life are of very 
sober appearance -r:- Uack,' 
sable, brown, etc.— it is easy 
to see that the wide range 
of colours obtainable by the 
use of dyestuffs derived 
from coal- tor producte is 
useless to the fur dyer. He 
may require blues and rods 
and yellows for shading 
purposes, but to all intents 
and purposes, it will be seen 
that the so-called aniline dye 
industry derives but little 
support from bim. 

Nor is the limited choice 
of colours the only explana- 
tion of this fact. Most 
artificially prepared 
stuffs are only taken up 
from solution by the animal 
fibre at a temperature 
approaching the boiling 
pomt of water. Such sub- 
stances are useless for dye- 
ing furs, because, not only 
would the fibres themselves be injured at such a tem- 
perature, but the pelt would lose its supple nature 
and become hard and homy, and so worthless from 
the furrier’s point of view ; and, further, the hair 
and wool would become loosened, and readily 
detachable from the leather. In consequence, the 
dyer of furs must choose such substances as will 
be absorbed by the fibre at a low temperature— 
that is to say, not higher than about 50*’ 0. 
Amongst such dyestuffs, those of natural origin 

-^^—are therefore 

means of 


J in the hoop. Amongst suon dyestuns, tnose oi nat 
Asprevionsfy occupy ^the first nlaee, and they an 
beautiful soft largely used. Blacks are obtained by 
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logwood and various metallic mordants, such as 
cluomium, iron and copper ; blues with various 
materials containing tannin substances, such as 
galls and sumach ; yellows and browns with cutch, 
ambier, and turmeric. In addition to these other 
yes are used for special purposes and for obtaining 
shades of colours. 

Preparations for Dyeing. The cover- 
ing described generally as fur consists, as previously 
stated, of two parts — the wool lying at the bottom 
next the pelt, and the stiffor upper hair. The outer 
covering of a hair is composed of a substance known 
as keratin, which is of a similar nature to the materials 
which go to make up the outer layers of the skin, 
nails, and hoofs. This possesses to a high degree the 
property of resisting the action of dyestuffs, and as 
it forms a layer wnich is .very impenetrable, the 
colouring matter reaches the medulla of the hair 
only with difficulty. Consequently, before the hairs 
can be made to take up colour, this layer must be 
softened, so as to become more absorf^nt and to 
allow of the 


The Dyeing Proceee. After mordanting 
the goods are ready for the dye. lliis is either 
applied with a brush, or the skins are immersed 
in the dye-vat and allowed to remain for such 
time as previous experience has shown to be 
necessary. In some cases the skins may be; 
dipped twice or even four times, a definite period 
being allowed between each dip, during which time 
the skins are allowed to air. By this means 
oxidation takes place and the colour becomes fixed. 

In using some materials — c.g. logwood — a different 
method is occasionally adopted. Instead of mor- 
danting and dyeing in separate baths, one bath is 
made containing the mordant and dyestuff together. 
This, however, is not a common practice, as there 
is a considerable loss of colouring matter on accoimt 
of combination between mordant and dyestuff, 
whereby the insoluble lake is precipitated, and has 
no opportunity of being fixed upon the fibre. 

Of recent years a new class of dyestuff suitable for 
fur dyeing has been placed upon the market. These 
substances are 


passage of the 
dyestuff into 
the medulla. 

This object is 
achieved by a 
process known 
as killing, Tlie 
killing is ap- 
plied to the tips 
— in some cases 
to the wool as 
well — by means 
of a feather or a 
brush, and is 
usually of an 
alkaline nature, 
such as lime, 
soda, etc. As a 
result of this 
amfiication the 
fibres are soft- 
ened, and so 
more readily 
take up dye- 
stuffs. Then 
follows a pro- 
cess known as 
mordanting . 
The skins are 
either brushed 



a. White (ox 6. Jap (ox e. Kamchatka red (ox d. Cross (ox e. American red fox 


chemical com- 
pounds pre- 
pared from 
coal-tar pro- 
ducts, which on 
oxidation yield 
insoluble mat- 
ters varying in 
colour from 
light brown to 
black. Some of 
them are ex- 
ceedingly useful 
to the dyer, 
though for some 
purposes they 
are much in- 
ferior to the 
, natural pro- 
ducts. 

How to 
Apply the 
Dye. In the 
dyeing of 
certain classes 
of skins it is 
advisable to 
apply the 
^ colour with a 
brush rather 


with or dipped in a solution of the mordant, the 
composition of which varies with the shade of 
colour required and the dyestuff subsequently 
used. Logwood, for example, is a polygenetic dye- 
stuff — that is, with different mordants, different 
colours are obtained. Thus, with alum mordants, 
greyish violet shades are obtained; with chromium, 
iron and copper mordants, grev to black is the 
resulting colour ; while tin moraants yield reddish 
violets. The principle underlying this process of 
mordanting is this: Certain metallic salts are 
absorbed by the fibre, and as a result of decom- 
position in and on the fibre — c.p., aluminium 
aoetate>-or of oxidation — €.g., ferrous salts, a mor- 
dant, usually a hydrated oxide or a basic salt, is 
formed. This mordant possesses the property of 
combining with dyestuffs to form colour takes, to 
the presence of which in the fibre the final colour 
is due. It is usual to allow goods that have been 
mordanted to remain exposed to the air for some 
time before they are put into the dye, to allow 
the above-mentioned decomposition to take place. 


than by dipping them into a dye-bath. This is 
well illustrated in the case of the fur seal. On 
examination of the fur of a sealskin jacket, it will 
be seen that the colour of the lower part of the 
fur, or the ground, as it is called, is of a deep 
brown colour, while the top is much darker — almost 
black, inj^act. This result is attained by brushing 
the fur with mordants and colours to different 
depths. That is to say, several brushings are made 
to a fixed level — care being taken that the same 
level is reached at each o)ieration — with one 
mixture, and later another mixture is applied to 
the ground. The latter application produces a 
different colour where the fur has been previously 
treated, and so a distinction between top and 
ground is produced. 

In the case of sable, marten, fitch, and such like 
skins, a large number is found in which the upper 
hairs or tips are too light to be quite pleasing. To 
correct this defect, and to accentuate the natural 
dark stripe which runs down the centre of the back, 
colour is carefully applied by means of a feather or a 
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light pad, this process being known as tipping and 
striping. 

^aver and nutria are skins which, after pulling^ 
or removal of the top nair, are frequently silvered. 
This operation of silvering consists in the light 
application of various substances, which produce 
a lustrous appearance and considerably enhance 
the beauty of the skins. 

Imitation Fura. Apart from the improve- 
ment in colour of natural skins, there is another 
branch of the fur-dyeing industry which is of 
CTeat importance. This is the dyeing of cheap 
kinds so that they resemble to a certain extent 
the more costly furs. Enormous numbers of 
white Russian hares are dyed to imitate sable, 
Russian sable, stone marten, etc.,* marmot are 
dyed sable colour ; white fox and rod fox are made 
to look like blue fox and silver fox respectively. 
Of course, it is only in the colour that there is any 
resemblance between the real and the imitation 
fur. One can no more make a Russian sable out of 
a white hare than the proverbial silk purse from 
a sow’s ear, but to the uninitiated there is no very 
obvious difference in 
appearance between a 
jacket made of electric 
seal, which is only the 
common rabbit worth, 
say, five guineas, and a 
seal-skin jacket worth, 
perhaps, ten times the 
amount. 

After dyeing, all skins 
must be carefully dried 
and cleaned to get rid of 
any mechanically adher- 
ing dyes. When taken 
from the dye- bath, they 
are allowed to drain, 
washed in clean water, 
again allowed to drain, 
and the excess of mois- 
ture got rid of by means 
of a hydro - extractor, 
which is merely a cylinder 
with perforated sides 

revolving at a high rate 
of speed about a vertical 
axis. The centrifugal 

force causes the water to 
be driven outwards, and 
the skins are then partially 
dry. The drying is completed in drying-rooms or 
stoves heated by steam -pipes, and here great dis- 
cretion is required, as, if tlie heat is too great or the 
process too hurried, both pelt and fur may bo 
injured in quality, and the latter in colour. In 
order that they may dry flat, some goods are 
nailed — that is, ])laced on flat boards and nailed 
round the edges after a moderate amount of 
stretching. Others are merely stretched and 
allowed to dry slowly. To some, it is advisable 
at this stage to apply substances which keep the 
pelt soft and supple on drying, but this is not 
necessary in all cases, as much depends on the 
manner in which the skins are first dressed. 

When dry, the skins are cleaned. This is accom- 
plished by placing them in sawdust in a revolving 
drum of the type previously des^jribed. The length 
of time during which they must be drummed varies 
enormously, and depends largely upon the nature of 
the materials employed in dyeing. For some skins 
one hour is sufficient, others require twenty- four 
hours or even longer. When judged tc be clean they 
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are eaged to remove the dust, and then passed to 
the finishing department. Here they are beaten with 
canes to nee the under-wool from felt, the pelts 
damped, and the skins stretched and knifed — that 
is, pull^ backwards and forwards over a blunt 
flesher’s knife. This softens them, and makes 
them pliable, so that the fur lies evenly and 
“ flows ” under the hand. 

Finally, the fur is sef, or brushed with a damp 
brush in the proper direction, so as to straighten 
any hairs that may have got twisted and laid 
out of position. 

Here the dyer’s work comes to an end. From 
him the skins pass to the merchant, who disposes 
of them to the furrier, or direct to the furrier, who 
makes them into the thousand and one articles 
for which there is a demand. 

There are several processes used by the fur 
dresser and dyer which have not hitherto been 
mentioned. Some of the more important ones will 
be here described. 

ShaviM and Sleeking. The pelts of some 
skins intended for use as garments are so thick 
that unless a portion of 
the leather is removed 
the finished article would 
be uncomfortably heavy 
to wear. To remedy this 
defect the jiclt is shaved. 
To perform this operation 
the skin is laid over a 
shaver’s beam, which is 
similar to that employed 
by the unhairer, except 
that it is flat instead of 
being convex outwards, 
and by a series of down- 
ward pushing strokes 
layers of leather are 
stripped off, and the 
whole brought to a level 
surface of even thickness. 
To do this the skins must 
be sufficiently moistened, 
and the knife used of a 
special kind. Figure \h 
shows one of these cross- 
handled knives. The edge 
is turned backwards and 
kept very shaq). 

In 7 two shavers are 
seen at w^ork on dyed 
whitecoats. The pelt, before shaving, is discoloured 
by the dyes used, and where the knife has passed 
over the pelt the white unstained leather is to be 
seen. Each shaver holds between the first and 
second finger of his right hand a small steel [le], 
with which he sharpens the turned- back edge of 
the knife. 

Various mec^hanical contrivances have been de- 
vised with a view of replacing this manual work, 
but so far no process causes so little damage to the 
skin or gives such a good result as this one just 
described. All seals, including fur seals, bluebacks, 
hair seals, and whitecoats, are shaved, and sometimes 
heavy-pelted skins like wallaby undergo the same 
treatment. 

Sleeking is a process adopted in order to soften 
and make smoother the skins which are dressed 
with a heavy pelt such as goats. The skin is laid 
out, pelt uppermost, upon a flat table, and the 
sleeking knife [Id] pushed over it. Inequalities are 
removed, and the friction also causes a certain 
amount of softening. 



9. SPECIMENS OF HAIR SEALS 
a. Whitecoat 6. c. Common Seal 


In fur seals, after dyeing, there are to be 
seen short, stiif hairs which escaped the un- 
hairing and pulling knives. These, if allowed 
to remain give to the skins an unpleasant handle — 
that is to say, they feel harsh when the hand 
is passed over the fur. In order to remove these, 
various types of machines have been devised. 
One of the earlier instruments was so constructed 
that the skin was stretched over a bar, the fur 
blown back and held down while the stiff, upstand- 
ing hairs were burnt out at the roots by means of 
an electrically-heated wire. In a later and im- 
proved pattern the hairs, instead of being burnt 
out, are cut off by the scissor-like action of two 
blades which are moved after the fur is blown 
downwards and held in position by two combs. 
By a system of gearing the skin is caused to move 
forward a fraction of an inch immediately after the 
release of the blades from the cutting position, so 
that every part of the skin is in turn subjected to 
this process. 

Even then, certain hairs, known as stage hmrs, 
are left, and these are removed by a pulling instead 
of a cutting action in a machine of somewhat similar 
construction, known as a atageing machine. The 
process of machining is essential for many skins, 
though there is an unavoidable removal of some 
of the fur which tends to make the akin poorer in 
quality. 

Shearing. Eor some purposes, such as the 
manufacture of glove tops, fur tor covering ladies’ 
hats, etc., it is usual to take certain kinds of skins 
and by shearing off the top hair secure a shorter 
fur with an even surface. This is largely done in 
the case of white Polish rabbit, Kussian hares, 
and some skins which, when dyed and shorn, 
resemble furs of a shorter staple. 

The skin is fastened to an endless band in the 
shearing machine which passes over rollers. The 
tips of the hair come against a knife over which 
passes a set of blades set round a cylinder. This 
(?ylinder revolves at a high rate of speed and cuts 
off the tips exactly as grass is cut by a laxiTi- 
mower. Attached to the machine is a pipe con- 
nected with some arrangement for creating suction, 
by which the loose fur is carried away. 

In addition to these processes there are others 
which are of use in various departments. For 
example, some skins can be mechanically brushed 
and l)eaten, and in such cases manual labour is 
dispensed with. 

In connection with the subject of the dressing 
and dyeing of furs, it must be remarked that there 
are probably few branches of industry where 
experience counts for so much as in this one. To 
become a successful dresser, and perhaps still 
more so in the case of the dyer, great patience 
must be exercised in the acquiring of details con- 
cerning the methods to be employed for each 
})articular class of goods. No two parcels of goods 
can be treated in the same manner ; each requires 
careful consideration and must bo treated accord- 
ing to its merits. Unceasing watch must be kept 
lest at any one of the many sta^s mistakes should 
be made," lest skins shoula be kept too long in a 
moist state, or the drying should be hurried. 

Formerly, as in the drying of textiles, rule of 
thumb methods were the fashion ; but the old 
order has changed and is yielding place to new. 
Science, the handmaiden of all arts and industries, 
is beginning to take her rightful place, and in conse- 
quence new methods are being introduced, and better 
and more constant results are to-day attainable. 


The Manufacture of Fur Articles. 

From the fur dresser and dyer the ^nished skins 
pass to the furrier, whose work consists in making 
them into articles for personal and domestic use. 
This work may be divided into several divisions, 
and though an experienced furrier is capable of 
executing the whole of the work, most firms 
employ men for each department. 

Let us suppose that a lady’s sable set is required. 
The skins to be used are carefully sorted and matched 
according to colour. A pattern in paper is usually 
made and the skins laid over this in order to see 
how many are required. The furrier then cuts off 
legs, tails and hcfids, as well as any bad patches on 
flank or belly. Should there be small bare patches 
in the skin they are cut out, a V-shaped cut being 
made from the pelt side, and the edges again sewn 
together. In this process of cutting, a knife of 
peculiar pattern is used. One is shown in 16, and 
will be seen to consist solely of a blade. It is held 
with the blunt end in the hollow between thumb 
and first finger, by the thumb and second finger, 
while the first finger is curved over the blunted 
circular back of the knife. 

It is necessary sometimes to match different 
paVts of the skin. For example, in sewing together 
two sable skins, head of one to rump of the other, 
there would be considerable inequalities in the 
surface, so that it may be advisable to remove a 
portion of the rump in order to get a more even 
surface. Again, two skins, A and B, stitched side 
by side, may be of slightly different colour or 
fulness. Accordingly, they are cut down the 
centre of the back, the left-hand half of A is stitched 
to the right-hand half of B, then the remaining 
halves are sewn together and the two composite 
skins sewn ns required. By this means a more 
even article, both in surface and colour, is obtained 
than would be possible if the skins were merely 
sewn together. 

After cutting away all undesirable parts of the 
akin, and the process just described, the skins are 
sewn together. For this purpose a siiecial 
machine is used. It consists essentially of a 
needle travelling horizontally, which just clears 
the . surface of two circular discs or shallow 
cylinders placed in the horizontal plane and touching 
tangentially. These discs are kept together by a 
s])ring which can be released at the will of the 
operator. In using the machine, the two edges 
which are to be sewn are brought toother between 
the discs above-mentioned and hmd there after 
any upstanding fur has been placed in position by 
means of a blunt needle or other object. When 
ready, the machine is set in motion — they are 
usually driven by a foot-treadle — and as the discs 
revolve, the skins travel on and the needle passes 
through both skins forming the stitch, and at the 
same time lockintr it. 

•• Nailing.** When the various pieces are 
sewn together, the whole must be stretched so as 
to make the scams lie fiat and to bring the piece to 
the shape required. To effect this, the process of 
nailing is necessary. For a flat article such as a 
tie or coat-lining, the skins are moistened on the 
l^elt side, stretched out on a flat board, fur side 
downwards, and small nails driven in at the edges. 
For muffs a block is used, generally made in three 
pieces, which fit into one another by moans of a 
tongue and groove. The skins are stretched round 
the block and nailed securely round the edges ; 
sometimes several parallel rows of nails are also 
driven in in order to keep the skins straight. 
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The articles are allowed to dry on the nailing 
board or block and are then removed. Where a 
block has been used, the nails are drawn and the 
centre piece of the block taken out. This allows 
the muff to be easily taken off without altering the 
shape. Next comes the process of lining. Silk, 
satin or other materia] is employed, and between 
it and the fur a layer of cotton-wool or wadding is 
placed. This serves a double purpose, that of 
increasing the thickness and so making it more 
serviceable as a defence against cold, and also that 
of making the muff or other article feel f\dler and 
softer than it would otherwise do. 

Linings and Ruga A large part of the 
furrier’s work consists in the manufacture of fur 
linings for coats. The skins are matched as far as 
practicable for colour and quality and the pro- 
cesses of cutting and nailing carri^ out. Some- 
times this work is done in the countries from which 
the skins are obtained — as, for example, the dog 
robes from China, or the kidcrosses and kidleg 
crosses from the same country. Marmot sk ua are 
occasionally made up into linings, which are sold 
under the name of marmot robes. 

The* chief furs wbich are made into linings are 
musquash, opossum, hamster, kaluga (or susliki), 
squirrel back and squirrel belly (or squirrel lock, 
08 it is generally called), mole and mink. 

Rugs are made from skins which are best adapted 
for the purpose for which required. Vicuna, 
guanaco, and raccoon are largely used for carriage 
ruM, while for hearthrugs, l^ar, wolf, goat, dyed 
either black or bear colour, and sheep skin, are 
most frequently used. 

Seal SKififl. In order to summarise the 
various processes which are necessary to convert 
a raw skin into a finished article, it will be con- 
venient to take the sealskin as an example and to 
describe in their proper sequence the different 
operations which are performed. 

The seals are killed either on the beaches or in the 
open sea. In the latter case they are sometimes 
speared, but it far more frequently happens that 
they arc shot. When taken on land, care is required 
in the stages prior to the killing. On the Alaskan 
Islands the bachelor seals, or hoUuschickic, as the 
natives call them, of ages varying from two to seven 
ears, are driven from the seal beaches to the 
illing grounds. This must be accomplished slowly, 
or the animals become heated, and the fur rubs 
away at the least touch. They are driven in herds, 
and on arrival at the place of slaughter are stunned 
by means of blows on the head delivered with heavy 
wooden clubs. A sharp knife is plunged between the 
fore flippers right into the heart, to kill the seal 
and to prevent further blood heating, as it is called. 
As soon 08 possible the animals are skinned, and 
every available piece of skin is removed and only 
little patches on the upper and lower lip and tail are 
left. The skins, with their thick coat of blubber 
attached, are taken to the curing house, laid in 
piles, fur to pelt, and salt plentifully applied to the 
flesh side. After remaining for about three weeks, 
they are rolled and corded, and sent for shipment, 
and it is in this state that they arrive in London. 
They are then sorted according to size and quality 
and put up for sale by public auction. 

From the sale-room they pass to the dresser 
and dyer, whose work it is to change the unsightly 
objecte into a presentable skin. The first work to be 
done is the removal of the fat or blubber, after which 
process the skins must be washed with various 


cleansing materials, then dried as already ex- 
plained. 

The Unhairinjg ** Process. The next 
process is that of unhairing. By damping the skins 
and quickly drying at a comparatively high tem- 
perature the hair is loosened while the fur lemains 
unaffected. The unhairer then proceeds to remove 
all hair, as far as is possible, first with the unhair- 
ing knife, and then with his pulling knife. 

At this stage the fur presents a curly appearance, 
and is yellow to grey- brown in colour. From the 
unhairer they pass to the dresser, who greases, mills 
and cleans them, and prepares them for the dyer. It 
is important that all grease should be removed from 
the fur, as if this is not done the dye is not properly 
absorb^ and an uneven and patchy colour is the 
result. 

On receiving the dressed skins, the dyer combs 
out the fur, and proceeds to apply the various 
mordants and colours. This is always done by 
brushing, because by this means the curl is taken 
out of the skin and also the pelt is less injured than 
if the skins were dipped in the dye liquor. Between 
each operation of Dnisbing — and there are many 
of them — the skins are allowed to dry. and are then 
beaten to get rid of dust from the materials 
employed. 

When the dyeing operation is completed, the 
.skins undergo a thorough cleaning in sawdust to 
make the fur bright and soft, and to remove all 
traces of the dyestuffs from the bottom of the wool, 
where it is apt to lodge. This is necessary in order 
that the skins may feel soft and full to the touch. 
If dirty they feel somewhat harsh, and the fur does 
not flow easily when the hand is passed over it. 

Preparing the Pelt. Attention to the |>elt 
is now required, as it is thick, heavy, and almost 
black from long contact with colouring matters. 
To alter this state of things the skins arc handed over 
to the shaver, who moistens them and then shaves 
down the pelt to an even thickness. In doing so, he 
takes off tne outer discoloured layer and leaves the 
pelt almost white — generally tinged with yellow. 

After drying, the skins are carefully examined 
in order to pick out any that require inachining and 
aiageing. During these various processes, the 
fur may become slightly disarranged. Certain 
portions may be twisted, and, by the weight of 
skins above — they are always folded down the 
middle, pelt outwards, and laid in piles — print 
marks arc produced. These 8 |:)oil the appearance 
of the skin, and are got rid of by the process of 
setting. The fur is brushed with a soft brush, 
moistened with either plain water or a weak solu- 
tion of various substances, and then allowed to dry. 

The skins are now finished, and are sent back to 
their proper owners. The merchant disposes of 
them to the furrier, who proceeds to manufacture 
from them jackets, capes, or other treasures so dear 
to the feminine mind. The furrier, instead of 
employing his own permanent staff, may hand 
the skins to a chamber-master, who is required to 
make so many articles from the skins provided. 
This practice is less common than formerly, as 
most furriers prefer to have the work done under 
their personal supervision. The processes already 
descried are employed, the skins are cut, nailed to 
shape, and the pieces sewn together. Then the 
lining and padding are added and the garments 
pass to the retailer, who supplies the publio 
needs. 


Furs and Furriers concluded ; followed by Feathers 
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^NE of the principal factors in the causation of by these flagellse Or cilia are termed “ motile,” the 

disease jS the action of bacteria. In consider- rest being called ” non-motile.” 

ing their oSioe in disease we may learn something Reproduction. The great majority of the 
of the function of these minute organisms in lower organisms reproduce themselves by the simple 
various natural processes, and so gain at one and process of fission [see Biology, page 381, 6 and 7]. 

the same time a comprehensive, if brief, view of A simple constriction appears in the middle of 

the whole science of bacteriology. It is one of the the organism which eventually divides into two 

most modem of studies, dating from th ^ inven- individuals [5]. In some species this process takes 

tion of microscopes of immense magnifying place rapidly, in others more slowly. Some v ;!1 

powders, and the discovery of many methods of divide in twenty minutes. A simple calculation will 

staining by means of aniline dyes. Without show that even if the division occurs only once every 

these means little could have been discovered hour, as many as 17,000,000 organisms will arise from 

about bacteria. a single pair in the twenty-four hours. For this to 

Terminology. First let us understand the occur, the environment must, of course, be a 
terms used in describing the group of minute favourable one as regards temj^rature, moisture, 

organisms under consideration, which take such and nourishment. Such an environment for some 

a prominent place in modern scientific work and disicase-producing germs is found in the human 

thought Some of the terms used are popular but body, and we can thus realise the rapidity with 

somewhat vague : others have a definite meaning which an organismal disease may become serious 

in bacteriological science. Thus the terms ” germs,” and even fatal. 

” microbes,” “ micro-organisms,” ” bacteria,” are Effect of Environment. Thus, at the 
used synonymously and rather loosely to refer to outset we see that, in order to check the ravages 

the whole group of these minute cells. The word of pathogenic — that is, disease- producing — germs 

bacterium really means a rod, but it is used in the physician must direct his attention to making the 

reference to all shapes of organisms, the term surroundings of the germ as unfavourable to repro- 

hacUlus [8] being the one chiefly used to designate duction as possible. Once in the body the only 

those of a rod-like shape. Other shapes of organisms way to do this is by assisting the natural resistance 

have e€U 3 h their appropriate designation ; thus the of the person by suitable drugs, and especially by 

round cells are termed cocci [ 4 ] or micrococci, the the special antibacterial or antitoxic substances 

curved ones are termed sf.iriUa [7 j, these, with the rods which are rapidly becoming the most reliable means 

or bacilli, being the most important shapes. When of treatment. Outside the body, in Nature, or in the 

the small round micrococci are arranged in groups artificial growths of germs in the bacteriological 

somewhat resembling a bunch of grapes, the whole laboratory, the effect of environment is seen to be 

cluster is called a staphylococcus [2j ; when the dependent upon the presence or absence of fresh 

micrococci are arrangea in a chain they receive the air, moisture, certain gases, the degree of heat or 

name of streptococci [ 1 ]. A glance at the illustrations cold, and the supply of nutrition, 

of these various shapes will make these terms The Food of Microbes* In Nature, germs 
perfectly clear. live chiefly upon complicated organic substances, and 

The globular cells, straight rods, and curved upon the dead or living bodies of plants or animals, 

rods constitute the lower micro-organisms, and ai*e or in excretions. As a rule, a number of different 

by far the most numerous kinds. si^ecies are found living together, and no doubt 

Sixe and Movement of Microbes. The they are affected to some extent by this presence 

lower microbes are minute masses of protoplasm, of neighbours. When one germ is grown by itself 

containing no chlorophyll, and are not more than by a bacteriologist, it is probably in better 

vTiirJF In diameter. Their outline is sharply surroundings than in actual natural life ; it is better 

defined as they are seen under the microscope when looked after. As a matter of fact, it is found that 

stained. the fluids and nutritive media made from animal 

Germs are, of course, dependent upon their tissues suit their growth best. All germs need nitro- 

environment for being scattered about — winds, gen in ‘some form, as well as salts, such as chloride 

water, food, the circulation of the blood in of sodium, sulphates, and phosphates. Some few 

the body, all acting as means of dissemination. require sf>ecial elements, such as sulphur, in order 

But, apart from this general movement, they have to flourish. Most require to be in an alkaline 

special means of locomotion by means of which medium : some, indeed, being unable to stand even 

each individual changes its attitude and position — a trace of acidity. 

at least, some species have them. This movement Tbe Effect of Moisture and Gasee. In 
is effected by means of fine, hair-like protoplasmic orderthatcontinuedgrowthmay take place, moisture 

processes called cilia [6], which are attached to one is absolutely essential. The resisting power of germs 

or other end of a bacillus or spirillum, or to to dryness varies greatly, however, in different 

both ends, or to the sides, and by the lashing of species. Thus, two to three hours of dryness kills the 

these cilia the cell is moved in a liquid medium just cliolera germ, while that of diphtheria will stand 

as a boat is moved by oars. The position and much longer. Those which form spores can remain 

direction of the movement of the cilia will determine alive in the spore condition for a very lon§ time, even 

whether the microbe darts, rolls, or simply vibrates. years, although dry, but they do not actively repro- 

Organisms which possess the power of locomotion duce in this resting state. They are in a condition 
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of suspended animation, ready to resume active 
'life when a favourable opportunity occurs, but for 
the time being quiescent. 

The influence of the presence or absence of oxygen 
is very marked ; inde^, it supplies one means of 
classifying germs into two groups, according to their 
manner of reaction. Most can live in oxygen: 
indeed, require it. They are termed eefo6ea, or csrobic 
organisms. Some cannot live in the presence of 
oxygen, or can do without it ; they are termed 
anesrobra, or anasrobic organisms. Many germs do 
not flourish well in the presence of carbonic acid gas. 

The Effect of Temperature. Every 
organism has a s])ecial temperature at which it 
grows best (the optimum temperature), a tempera- 
ture above which it will not live (the maximum 
temperature), and a temperature below which it 
cannot survive (the minimum temi>erature). The 
l> 08 t, or optimum, temperature is that of its natural 
habitat. Thus, for the germs which induce putre- 
faction, the best, or optimum, temperature is that of 
warm summer weather (20 ’ C. to 24^ C.). For those 
which flourish in the tissues of animals it is from 
35^ C. to 3fr C. For most germs the highest or maxi- 
mum temperature is from 42" C. to 44 ' C., and the 
lowest or minimum tempera tui*e from 12° C. to 14° C. 
Some exceptional germs will live up to 70° C., and 
others as low as 5° C. The optimum temperature for 
most of the microbes which are active agents in the 
production of disease is, as would be expected, 
about the same as the temperature witlun the 
human body. 

The Study of Microbes. In order to study 
the life-history of any given microbe a good deal of 
training in laboratory methods is required, together 
with much practice in the use of high-power micro- 
scopes. It is not our purpose here to enter into 
minute details of bacteriological work, but it is of 
interest to learn a little concerning the methods of 
investigation which have yielded such immensely 
important results in the science of health and 
disease. Some of these methods are highly technical, 
but certain general principles imderlie them all, 
and it is to these we may direct our attention. 

Suppose, in imagination, that we are fortunate 
enough to be allowed to watch all the proceedings 
of an expert bacteriologist in his laboratory. He is 
about to make an investigation of the microbes 
contained in a specimen which has been sent to 
him, concerning which a report is wanted by the 
public health authorities or some other body. He 
is about to ascertain what germs are present, if 
any, in the 8]3ecimen of water, food, discharge, or 
organs (whatever the specimen may be), and we are 
at his elbow watching all his doings. How does he 
set about such a task ? 

In the flrst place the investigator, being absolutely 
ignorant of what he may find, keeps constantly in 
mind the fact that every precaution must be t^en 
to prevent accident to himself or to others in the 
laboratory. Many microbes are extremely dangerous 
to work with, and a good many scientific bacteri- 
ologists have lost their lives in this kind of experi- 
mental work. The microbic enemy is invisible, but 
of deadly potency, and so minute is its sizeXhat the 
slightest scratch upon the skin of the investigator 
will suffice for the germ to make an entrance into 
tW tissues under the skin, which may be followed 
with fatal results. The bacteriologist, therefore, 
first of all, protects his hands by soaking them in 
some strong antiseptic solution which will lull any 
gesm which may happen to lodge thereon. If t^ 
specimen to be examined be a carcase or a body 
he will put on special indiarubber gloves for the 


first part of hie task, gloves which, while they are 
immrvious to the passa^ of germs, do not interfere 
with the movements of the fingers. But his we- 
cautions do not end with his own hands. The 
greatest care is taken to see that every instrument 
and all kinds of apparatus which come in contact 
with the susjxKJted material is likewise sterilised by 
boiling or heat both before and after use. Thus, if 
it be necessary to cut the specimen with a knife, the 
blade is first passed through the flame of a Bunsen 
burner and again passed through the flame before 
the knife is laid upon the table. In this way no 
germs from the specimen are allowed to contaminate 
the laboratory. 

The Examination of Microbes. The 

bacteriologist, having taken all these and other 
similar precautions against possible mishap, 
now proceeds to find and examine the microbes 
present in the specimen. Two methods of 
examination are o})en to him, and he generally 
avails himself of both. In the first place, he may 
prepare a “ slide ” for examination under the 
microscope, which will reveal the presence or absence 
of microbes, and. if treated by special staining 
methods, may enable him immediately to say 
whether certain species of microbes are present 
or not. The mioro8co|je will show the relative 
abundance or otherwise of the germs, their shapes, 
their sizes, and their relation to the tissues in which 
they are lying. In certain diseases, such as anthrax, 
an examination of susjiected blood by means of the 
micro8eoj)e and a stained slide, may be completed 
under half an hour and a definite diagnosis given. 
In other cases, however, the micro8co)ie may reveal 
the fact that large numbers of germs arc present, 
all mixed together, and it may be impossible to say 
what these are, or to which the condition is due, until 
they have been separated from each other and 
examined one by one. The investigator then pro- 
ceeds to the second method — namely, that of separa- 
tion of organisms and their artificial growth in the 
laboratory. He “ cultivates ” the microbes, on 
suitable media or soils specially prepared for the 
purpose. 

Cultivating Microbes. The nutritive 
media in the laboratory are some solid and 
some liquid preparations. M'ithout entering 
into the details of their preparation it may 
be noted that they are all devised to supply 
food for the growth of the different germs, and 
to provide convenient methods for the observation 
of the germs while they are growing. The more 
generally used nutritive liquids are bouillons or 
broths, milk, the aqueous humour from the eye 
of animals recently killed, and blood serum. 
The best broth is made from the flesh of bullocks, 
finely minced and freed from fat, mixed with 
filtered water, with a little common salt added, 
and the whole rendered slightly alkaline by the 
addition of some carbonate of soda. The resulting 
broth is poured off into test tubes and sterilised by 
heat to make sure that no living germs are left in 
the broth from extraneous sources, otherwise 
these would at once begin to grow. The tubes arc 
sealed up with cotton wool, which prevents the 
entrance of organisms from the air by acting as a 
fine filter, and they are then ready for use by making 
** inoculations ” into them. The test tubes or flasks 
are themselves sterilised first, as are all the imple- 
ments and apparatus used in these investigations. 
All that is necessary now in order to cultivate the 
erms is to introduce some of them into the sterilised 
ask containing the nutrient medium. Their subse- 
quent growUi produces definite appearances in 
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the medium' which can be watched and which 
are chairacteristio of the various species. 

Sejiai^ation oif Germs. But here arises one 
of the many difficulties in bacteriological work. If 
the suspecM specimen contained but one kind of 
microbe, all would be well. A portion of the spet‘imen 
introduced into the flask would then give rise to a 
growth of the one organism present, which could be 
studied at once ; but this is rare. As a rule, many 
microbes occur together ; all sorts and sizes of 
germs flourish in Nature imder the same conditions, 
some of them disease producers, others perfectly 
harmless. Before the appearances of any one of 
these can be studied in a culture, it must be separated 
from all the others and grown by itself in its own 
tube or flask. This is what is termed “ making a pure 
culture,” as opposed to a ” mixed ” culture, which 
contains two or more species of microbes. 

A Pure Culture* To overcome this difficulty 
of the mixture of microbes resort is had to the use 
of solid media for cultivations instead of the liquids 
mentioned above. These solid media have a similar 
basis of meat extract as the real food on which the 
organism flourishes, but to this is added some 
substance of a stiffening nature, which, when the 
medium is cooled, renders the whole mass solid and 


perature, or in an incubator in which the temperature 
can be raised as required. In the course of a day or 
two small points are observed to appear in the 
gelatin, each of which represents a colony of one 
species of microbe. Each one of these separate 
colonies can now be inoculated into nutrient 
gelatin in separate tubes, so that finally the in- 
vestigator has got a number of germs growing in 
pure cultures. They are inocula^ by picking off 
a minute portion of the colony on the plate with the 
point of a platinufn needle which has been passed 
through the Bunsen burner or other flame first, 
and the minute portion thus taken is plunged into 
the solid gelatin in a tube, or simply stroke along 
a sloping surface of gelatin similarly in a tube. 
In the one ease we get a “ stab ” culture, in the other 
a “ stroke culture.^’ The former ctows down into 
the gelatin along the course of the needle track, 
the latter merely on the simface of the gelatin, 
also along the track of the needle stroke. 

It need hardly be pointed out that if it be sus- 
})ected that there are great numbers of organisms 
present in the original matter to be examined, 
these can be diluted to any extent before pouring 
the finally separated organisms on to the plate. 

' Characteristic Growths. Now the bac- 


firm instead of liquid. The two substances 
generally used for this purpose are gelatin and 
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result being a 6, Bacillus with 
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clear, solid medium which can be poured into 
a test tube when warm and left to solidify 
in any shape desired by merely sloping the tube in 
the direction required. It can also be poured into 
fiat dishes or on to plates having a broad surface. 
With these at hand the bacteriologist can proceed 


CX)MMON FORMS OF BAI^ERIA 
Staphylococcus 3. Bacilli 4. Coccus 
6. Bacillus with cilia 7. Spirilla 


5. Bacilli with spore 


media some 
organisms 
cause a ‘ \ 
faction of the 
gelatin, others 
no not; some 


produce gaa (aerogenic), others do not ; some 
produce colour (chromogenic), others do not; a few 
are phosphorescent (photogenic) ; whilst those which 
are disease producers are termed “pathogenic.” 

In addition to the purely biological method above 
described, much information has l^n gained concern- 


to isolate the different microbes in his mixture. The 
first point is to get the mixed germs ais far as pos- 
sible apart from each otlicr so that when they are 
allowed to grow upon the nutrient gelatin each 
single germ will give rise to a small colony of its own 
species unoontaminated by any other species. A. 


ing germs by the experimental method of making 
inoculations into living animals. This applies 
especially to the pathogenic germs, and it is by this 
method that bacteriologists have been able to pro- 
duce the antitoxic serum which is so successful in the 
diagnosis and treatment of some microbic diseases. 


drop of the suspected solution or a minute portion 
of tW suspected material is introduced into a tube 
of this sterilisod melted nutrient gelatin and tho- 
roughly shaken up so as to separate the contained 
germs. A glass ]>late, having been previously 
sterilisod, is placed u]K)n a perfectly flat surface 
and on to this the melted gelatin, with the organisms 
scattered through it, is poured. This is allowed to 
cool, carefully protected from contamination from 
the air, and as it cools the gelatin solidifies. This 
fixes each organism at a given point where it 
starts growing, either at the ordinary room tem- 


Proof that a Germ Causes a Disease. 

Before the bacteriologist is justified in asserting 
that the cause of any given disease is proved to 
be due to any given germ, the following results 
must be obtained : 

1. The said microbe must be present in every 
case of the disease. 

2. The said microbe must be isolated from the 
body and cultivated as a pure culture. 

3. The said microbe, if inoculated into an animal, 
must pi'oduce a condition similar to that from which 
it was separated. 
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4. The said microbe must be again separated and 
cultivated from the diseased animal into which it 
was inoculated and in which the disease was pro- 
duced. 

This is what science calls proving a question, and 
in those diseases which are now known to be due to 
special forms these four testa of causal relationship 
have been repeatedly carried out. 

So much for the general principles of bacterio- 
logical investigation and the isolation and cultivation 
of these germs. We may now turn for a moment to a 
brief consideration of the general place in Nature 
occupied by these minute agencies, for their func- 
tions are by no means merely those of destructive 
agents in the production of disease. 

Bacteria in Nature and Commerce. 
In the early days of the science of bacteriology, 
only a few years ago, there was considerable un- 
certainty as to whether these multitudes of organ- 
isms which occurred everywhere in earth, air, and 
water, did so as a mere accident, or whether their 
presence was in any way essential. We now know 
that they are an absolute necessity for the carrying 
on of a large number of the most ordinary every- 
day occurrences of Nature. For example, all the 
processes of fermentation are microbic in origin, 
and so also are the processes of putrefaction. The 
lactic acid fermentation of milk, which is so common, 
is due to the action of microbes, the sugar of the 
milk being broken up and lactic acid produced. In 
the ripening of cheese, the resulting flavour is due to 
products of bacterial action. Another fermenta- 
tion, the study of which is applied to the commercial 
manufacture of vinegar, is also due to microbes, 
and here alcohol is converted into acetic acid. 

In the various brewing processes bacteria play 
a very important part, especially in interfering 
with the excellence of the products of the manu- 
facture. The various conditions of bitterness, 
muddiness, abnormal colours, and so forth, are all 
microbic in origin, and all associated with some 
form of acid pr^uction. Most of these organisms 
are easily killed by heat. 

In the everyday work of baking some of the 
starch is converted into sugar by the action 
of the yeast organism, and this sugar in its turn 
into alcohol and carbonic acid gas, to the 
latter of which the “ rising ” of the bread is due. 
The subsequent operation of baking serves the 
purposes of killing the ferment, fixing the starchy 
food in position, and driving off the alcohol and 
carbonic acid gas. In like manner certain faults 
in bread are due to the presence of unwelcome 
germs. 

Bacteria as Scavengers. One of the 

useful qualities of certain microbes is that of being 
able to break up complex organic matter into much 
simpler substances, and it is now recognised that 
bacteria act as the scavengers of Nature by thus 
acting upon dead animal or vegetable matter. 
This takes place not only out of doors, but also in 
the alimentary canal in the human and other 
animal bodies. A special organism termed the 
BaaiUuH mibtilis produces many of these changes. 
It is found in all putrefying fluids along with other 
organisms which also help in the process of dis- 
integration. These putrefactive organisms, there- 
fore, play a very important part in the economy 
of Nature by keeping up the circulation of matter, 
making the excretions of plants and animals, as 
well as their dead carcases, available once more 
for the nutrition of others. Germs thus convert 
organic matter into inorganic substances. In 
Nature this process goes on on the surface of the 


soil or near the surface and in the presence of the 
air. The organic matter lying there is oxidised 
and so made ready for the nuti’ition of plants. 
In fact, it would appear that this process of micrbbic 
oxidation is absolutely necessary, and that if the 
soil be made sterile or free from organisms it would 
be incapable of furnishing enough nutrition for 

lants to grow at all well. The organisms which 

o this work need the presence of oxygen for their 
active growth, and from this fact they are termed 
cBTobe^t or serobic organisms. 

Germs in the Deep Earth. But in 
addition to these superflcially living germs there are 
others, which work at greater depths, out of contact 
with the atmosphere — that is, with oxygen — and 
which are termed ancerobest or anaerobic organ- 
isms. They have the faculty of wresting oxygen 
from the substances containing that element which 
come down to them from above, using some, and 
freeing the rest for purj^oses of oxidation, thus 
helping on the decomposition of organic matter. 
This material, when freed from its oxygen, is of 
no further use for nutrition, and hence deeper still 
we And no organisms at all, this depth varying 
with the nature of the soil, but being commonly 
stated as being about 12 ft. from the surface. The 
bearing of these facts upon the purity or otherwise 
of water supplies drawn from surface sources, or 
deeper ones, is too obvious to need further comment. 

Contamination of Water. It is thus 
evident that water taken from near the surface must 
contain a certain number of germs, and if there be 
organic matter on the siurface putrefactive germs 
will be there too. Matter from under the soil surface 
is usually free from the putrefactive germs, but 
has some peculiar to itself, while deeper still, water 
will be obtained free from microbes altogether. It 
does not follow, however, that water taken from a 
depth must of necessity be pure and fit for hygienic 
purjwses, because there is always the risk of such 
water becoming contaminated before it reaches the 
consumer. It is a very simple matter for a disease- 
producing microbe, such as that of typhoid fever, 
to contaminate an otherwise pure water supply. 

Suppose that a case of this disease exists in a given 
locality, the organisms of the disease are present 
in numbers in the intestines of the patient, and pass 
out with the excreta. Now, unless these excreta 
are disinfected and the microbes killed, the microbes 
simply pass into the drains or on to the surface of 
the soil, according to the disposal of the sewage. 
The organism grows and multiplies, and sooner or 
later finds its way into the water supply of the 
district, and thus spreads the disease, perhaps, to 
many people, causing an epidemic. Milk pails and 
cans may similarly be easily contaminated from 
one case. 

From what has been said of the action of the 
microbes in the earth and the part they play in 
breaking up organic matters and rendering them fit 
for the food of plants, it will readily be recognised 
that the processes of agriculture are dependent 
ultimately u})on the action of bacteria. This is 
an actual fact. 

Fertilisi^ Bacteria. The uses of all the 

manures which are applied to the enriching 
of land depend upon tnese bacterial processes. 
The various changes undergone are collectively 
spoken of under the general term of nitrification. 
All the compounds in dung, manures of various 
sorts, dead carcases, plant tissues, and so forth, 
when spread over or dug into the earth, become 
oxidisea, and ultimately a large part of the 
nitrogen from these becomes converted into 
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nitrates of calcium or potassium. This nitrifioa- 
tion process will not take place in a soil which 
contains no bacteria, hence germs are essential in 
agriculture. The process is iliustrated diagram- 
matioallv on a previous page, to which reference 
should be made at this point [see pa^ 277]. 
It will be noticed there that the process has two 
stages: first the pai'tial oxidation into nitrites, 
then the further oxidation of these into nitrates. 
No one germ is capable of doing the whole process 
as seen in the diagram, two sets of organisms 
carrying out the two stages. Both kinds of germs 
are to to found in manure heaps, sewage, and soils, 
and both require the presence of oxygen and water 
for the performance of nitrification. It follows that 
their work is interfered with in extremely dry 
soils, and a temperature below 6° C. or 0® C. inhibits 
their activity. For the further and more detailed 
study of the value of artificially prepared manures, 
that is to say manures ready nitrined, the reader 
should consult the course on Aobiculturk. 

Useful Work of Bacteria. The bacteria 
which feed upon dead organic matter are called 
saprophytes^ in opposition to those which live in 
or upon the living organic compounds composing 
the tissues of animals or plants, these germs being 
termed pamsites. Many of the latter are disease- 
producers; many of the former are very useful 
agents in various natural and artificial processes. 
The saprophytic species are of greater importance 
to the farmer, for, as we have explained, they are 
the active agents of putrefaction, and they render 
carcases and dead plants available for the nutrition 
of living plants. To these saprophytes also are 
due the processes in the ripening of cheese, the 
nitrification of manures, and many chemical 
changes included under the general term of fermen- 
tation. These latter changes result in the production 
of certain definite compounds which are essential 
in the special processes concerned. Thus, the 
“ lactic bacteria ’’ arc useful in cheese ripening. 
In order to be sure of the presence of these germs 
a little sour milk is added to the sweet cream, or 
the cultivated bacteria themselves may be used. 

If beer or wine containing less than 14 per cent, 
of alcohol be left exposed to air for a few days the 
surface becomes covered with a tough, whitish film, 
and the beer or wine goes sour. The film contains 
numbers of bacteria which produce acetic acid from 
the alcohol. This process is the basis of the manu- 
facture of vinegar from fermented malt liquors or 
fermented grape- juice. 

Bacteria and Milk Products. Two 

milk products in which bacteria are active agents 
may be mentioned here. One is known as koumiss 
or kumiss, an intoxicating beverage made from 
the soured and fermented milk of mares. It has 
an acid taste,and is much esteemed by the Kalmucks, 
the most numerous of the Mongol nations. A 
spirit is mode from the koumiss by distillation, 
and since it is said that the tribes which are addicted 
to the use of koumiss are free from the ravages 
of consumption, the use of an artificial koumiss 
has become fairly general. This preparation is 
made from milk of asses or cows. 

The second of these products is termed kephir, 
a drink used in the Cfaucasian districts, which 


is also made from milk. In the process the 
casein is dissolved, and the milk sugar is acted 
on as in a lactic acid and alcohol fomentation. 
The masses of bacteria which cause this process are 
called kephir grains. 

Koumiss, or fermented mare's milk, has been 
used with an undoubted degree of success in the 
treatment of consumption in Russia. The secret 
of the success is that the milk is slightly fermented, 
highly digestible, and hence large quantities can 
be taken without' producing dyspepsia. It is 
really* an invalid foc^. In Russia the mode of 
treatment is for the patient to rise early and drink 
a glass of koumiss every half hour, excepting the 
two hours just before dumer and supper. 

Artificial kephir, prepared from cow’s milk, is 
made as follows. The milk is as new as possible. A 
bottle is nearly filled with the milk and some water, 
and to this are added some yeast and a lump of sugar. 
The bottle is tightly corked and the cork wired 
down, to prevent escape when fermentation occurs. 
It is placed in a warm spot and shaken two or three 
times a day for from four to six days. The bottle 
must be carefully 0 |)encd to prevent much being 
lost, as it is very effervescent. 

^ Both koumiss and kephir are more easily digested 
than ordinary milk. In both the casein -forming 
material is thrown down in a finely flocculent, easily 
digested form, already partially peptonised. Most 
of the sugar is turned into lactic acid ; a little 
alcohol is produced, and a good deal of carbonic acid 
gas. These two pre])arations, therefore, present 
milk in its most easily digested shape; hence their 
value as invalid foods in dietetics. 

These milk products arc good examples of pro- 
cesses de|)endent upon bacteria, which are not 
merely harmless, but of the greatest service to 
mankind. 

Bacteria and Water, The relationship of 
bacteria to water is a matter of profound im- 
portance, inasmuch as water is perhaps the most 
convenient method of carrying germs from place 
to place. Thus, after rain the air is wonderfully 
free from microns, which have been carried down 
on to the ground. Stagnant pools and slow streams 
— in fact, surface water of all kinds — always con- 
tain large numbers of microbes, the numbers and 
their species differing gi-catly according to the nature 
of the soil, the depth of water, and the degree of 
oxidation going on. The less the water is disturbed 
the more numerous the germs. In spring water few 
or no germs occur until contamination happens 
at the surface. In examining water for bacteria 
the sample should be examined immcnliately it is 
obtained, for the simple reason that if there be any 
nutriment in the water the germs therein, however 
few to begin with, will soon multiply with great 
rapidity and thus give a most fallacious result if 
left for^^any length of time. “ If a sample of even 
the purest water (containing, say, 200 germs per 
cubic centimetre) be left to stand in a room in which 
the temperature is comparatively high, and there- 
fore suited for the rapid growth of these organisms, 
it may be found that in place of 200 germs per cn bic 
centimetre, there may be present on the second day 
5,000, on the third day 20,000, whilst on the fourth 
they are almost innumerable.” 
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HOW TO TUNE A PIANO 

Unisons, Octaves, Laying a Scale. The Piano- 
tuner’s Apprenticeship* Piano-tuning as a Vocation 

page 6340 

By ALGERNON ROSE 


I N all keyboard instruments tuning is a far mow 
* complicated process than it is, mr example, in 
the violin, which has but one string for many notes, 
and not more than four strings altogether. On the 
other hand, in the piano, instead of four lengths of 
catgut, there may be upwards of 200 steel wires 
strung across an iron or steel framework, the total 
tension, according to the size of the instrument, 
being approximately from 15 tons to 30 tons. A 
tension to so many strings, were every tuning-pin 
adjusted ever so slightly, would alone demand more 
time than any professional pianist has to spare. 

Unisons- The knowleoge most usually required 
is that for pulling-up and adjusting a new string. 
First, the broken string must be extracted. To do 
this in an upright piano (we are not speaking of 
grands) take off the front. First turn the buttons 
inside the top panel at the bass and treble ends; 
draw the front forward, lift it out ; turn back the 
cover or cylinder over the keys and lift it out. 
If the front and cylinder are joined, both come out 
together. To remove the action (or hammer mechan- 
ism), turn the buttons at either end of it, or undo 
the thumbscrews. Grasping the hammer rail, 
draw forward the action. Lift it up out of the 
sockets and place it on a table, or in some other con- 
venient position. Unfasten the catches under the 
keyboard. Draw the bottom door forward and 
take it out. In an upright piano, the gauge for 
strings varies from treble to bass, from No. 9 to 
No. 21, the sizes of wire being marked below the 
tuning-pins. In a trichord cottage, the pins are 
placed in threes, one over the other. If one string 
serves for two pins, the bottom pin of one note and 
the top pin of the next, or the two middle pins 
of neighbouring notes will need new wire. Having 
obtained the necessary length (by sending the old 
wire to a maker as a pattern), bend one end of the 
steel into a loop J in. long. Twist the end round 
twice, and clip it off with a pair of cutting pliers. 

“ Chippifig Up*** Place loop on hitchpln pro- 
jecting from the iron frame at the opposite side to 
the tuning-pin. Fit the string between the two pins 
in the bridge, alternately inside the first and outside 
the second. Pass the wire up above the keyboard. 
Thread the string through the hole in the brass stud, 
if necessary. Cut off the wire with the pliers 2 in. 
beyond the position of the tuning-pins. Insert 
the string through the eyehole of the pin. Put the 
tuning-hammer or tuning-crank on the latter ; twist 
the pin round twice to the right, making the coil even. 
If the tuning-pin has been taken out of the plank, 
drive it in witn some smart blows from a hammer 
till even with the other pins. Now turn the hammer 
round to the right, “ chipping up ” the tone of the new 
string with a piece of bone or a mandoline plectrum, 
until it is in unison, as regards pitch, with the other 
wires belonging to the same note. After taking off the 
hammer, replace the action. With the right hand, re- 
adjust the hammer to the tuning-pin, and with the 
left try the note on the keyljoard. Listen attentively 
to the throbbing of the vibrations. Gradually turn 
the hammer to the right until the quick and uneven 
beats merge into one steady and clear sound. 
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An identical tone is the easiest for the student to 
begin with. In trichord pianos, where throe strinn 
go to each note, two-thirds of the total are so tuned. 
When the throbbing has resolved into a steady vibra- 
tion, the new string will be in unison. To ensure that 
the note will stand, “ set ” it by striking the key 
sharply to ascertain that the wire does not slip 
through the stud nor over the bridge. If it does, 
repeat the tuning and the proof till the note holds 
firm. 

OctaveA. If a new string put on is a single one 
of covered wire in the bass (the steel core being 
overspun with copper), it must be tuned by the 
octave note above. Strike these two notes together. 
In point of importance and facility, the tuning of 
the octave, so far as the student is concerned, 
comes next to the perfect unison. Though no longer 
identical, the sounds resemble each other stron^py. 
Turn the hammer on the pin of the new string gradu- 
ally to the right. Listen attentively. At first the 
boats will uneven. When the lower string 
reaches its proper tension, the two sounds wiU 
cease to vibrate unevenly, and the compound tone 
then produced will blend smoothly. Take care 
not to raise the new string above the pitch required, 
or it may break ; neither put any side pressure on the 
tuning-pin, or it may snap off. Avoid turning any 
pin unnecessarily, otherwise it may become loose, 
and a piano w'itn loose pins cannot stand in tune. 

** Laying ** a Scale. In this coimtry tuners 
generally lay the scale from C (third space, treble 
clef). On the Continent the start is made from A 
(second space, treble clef). It is the tuning-fork, 
therefore, which gives the initial tone. The correct 
pitch of the latter is thus of paramount importance. 
Fitch-pipes are not recommended, as they are fre- 
quently inaccurate. W’^hat is known as “ concert 
pitch is a nebulous term. In England there is the 
Kneller Hall sharp military pitch, the low French 
pitch, and the Society of Arts (or medium) pitch 
between the two extremes, besides other fanciful 
standards used by various piano-makers. Accu- 
rately measured tuning-forks are difficult to get at 
an ordinary music-shop. The point is to get a 
fork at the new pitch (stamped “ C 522 ” double 
vibrations per second), not the old Philharmonic 
pitch (C 540), as the latter is considerably sharper, 
and puts a greater tension on the strings of the 
piano as it does on the voice of a singer. In 
addition to a tuning-fork, when tuni^ a trichord 
instrument three wedges are needed. These consist 
of narrow strips of whalebone, or pliable wood, J in. 
wide and 9 in. long. The ends are padded with one 
or more layers of wash-leather, the thick tip being 
for unisons and the thin for octaves. From the front. 
Insert a wedge obliquely through the action, so as 
not to touch the hammer striking the note to be 
tuned. 

Having wedged out two of the three strings of 
itch C, put on the hammer. Sound the tuning-fork 
y striking one of its blades smartly on the knee 
with the left hand. Place the small end of the fork 
on any portion of the woodwork in front of the 
piano. To the sound it gives C, third space, treble 
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def, must now be tuned. Raise or lower the pitch 
of the string gradually until, when the note C is 
struck it agrees accurately with the tuning-fork. 
Stop the vibrations by a wedge inserted between 
two of the unisons of the C below, and get the octave 
perfect. Do not strike the lower note too hard at 
first. The sharp blow is only required for “ setting. ” 
There are various ways of laying the bearings oi a 
keyboard instrument. Different tuners naturally 
pin their faith to the methods which they have been 
taught and have found most useful. But as all 
these systems, properly carried out, have the same 
result in making the tone of the instrument agree- 
able musically, the student may adopt any one of 
them profitably. 

Tempering ” Notes. Presuming that the 
pupil is musically inclined, it may surprise him 
to be told that the foundation of the tuning 
of all our keyboard instruments is intentionally 
inaccurate. liet him look at the piano for a 
moment. Enharmonically, every white and every 
black note has two names, if not three. C natural 
serves also for B sharp and D double flat ; C sharp 
is also D flat; D natural likewise is C double 
sharp or E double flat, and so on. Therefore, if we 
have twelve keys within an octave, we have to make 
them serve for upwards of twenty-four notes indi- 
cated in music. A very clever violinist with a sensi- 
tive ear, or a trombone player, because the tone of 
such instruments is not fixed, will play in what is 
called “ just ” intonation. On a pianoforte or 
church organ, the only intervals abtiolutdy perfect 
with the pitch note are the octaves. The rest of the 
notes are “ tempered.” For the purposes of practical 
harmony, the notes within eacn octave have been 
so raodifled that the acoustical divisions between 
them have been made as equal as possible. 

The ear of the musical student may at first rebel 
against the mutilation of any interval, but the 
system of modifying the notes within the centre 
octave internationally adopted is based on common- 
sense, and has been found the only possible solution 
of a problem which perplexed musicians for many 


years. Mathematicians, acousticians, musicians, and 
manufacturers have written libraries full of Imoks 
on this subject. It is, therefore, a difficult one to 
deal with succinctly, and the retuler is referred to 
Example 1. 

After tuning the octave C, it will be seen that the 
student must proceed to G below. Tune the fourth 
perfect. Then from this G get the fifth above, D, 

tempering ” it by leaving it a beat flat. From the 
D tune the A below a perfect fourth. Then ^t the 
second fifth by tempering the E above a shade flat. 
Tune the B below a perfect fourth. From the B go 
down to the F sharp, and make that also a perfect 
fourth. Now get the third fifth by tuning C sharp a 
wave flat. Follow with the fourth below G sharp in 
just intonation, and then, from the G sharp, get the 
fourth fifth, or D sharp, a shade flat. Proceed to 
A sharp, a perfect fourth, and then get a fourth 
below the A sharp, technically E sharp hut actually 
F natural, and, finally, tune the octave F above 
perfect. 

Unless the “ shading ” has been distributed 
equally, the octave will not come out perfect, and to 
proceed any fiuthor with the tumng will only 
magnify the shortcomings of the bearings. Before 
equal temijerament (advocated by the great com- 
poser Bach) was adopted, it was disagreeable, on 
account of the “ bowlings,” to play the piano or 
organ in the ” black keys ” — ^now the most beauti- 
ful. As accurate “ tempering ” is an art which a 
beginner cannot learn immediately, his first 
attempt, when proved by the final octave, has, no 
doubt, revealed that his modifications of the fifths 
have been overdone. Let him, in going over the 
work again, therefore, check it in a different manner 
[Ex. 2]. 

Here the scheme includes ell the keys on the 
piano between F natural (fourth space bass clef) 
and C (third space treble clef). But instead of 
four fifths presenting themselves, the student can 
check his work by eleven of them. After the 
low C, tune the *G above a little flatter than 
perfect. Then prove this with the octave G below, 
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already tuned. From that G, get the second tem- 
pered fifth, or D above, and then the third, or A 
above the D. Now prove this note, which should 
be a perfect octave with the A below, already 
tuned. Go over the fourth fifth that now occurs, 
by checking the E already tuned under the first 
scheme. Now, get the B above, tempering this 
fifth fifth a wave flat, and from it prove the 
octave B below, already tuned. 

Next get the sixth fifth, or F sharp above, and from 
that prove the F sharp below, already tuned. 
Check again the fifth above low F sharp, with the 
C sharp tuned according to Ex. 1. Continue to 
get the eight fifth, or G sharp above, proving it with 
the octave note below, already tuned. Having 
arrived at the eight fifth of the series, the student 
must return to 0. Tune the remaining fifths 
“ backwards,” first making the bottom note, 
F natural, a perfect fiftli with the C, and then 
slightly sharpening it in the same degree that 
the upper notes were flattened when tuning the 
other fifths “ forwards.” By this means, the 
necessary tempering is done correctly, but the lower 
note is affected rather than the upper. Then, get 
the octave F a’lmve j^erfect. Treat the B flat below 
in the same way, so as to modify the lower note, 
and keep the upper one just. Get the octave B 
flat above, and, finally, tune the eleventh fifth, 
tempering the lower E flat. Of course, as we have 
first seen, it is not necessary to tunc all these fifths 
in laying a scale, and there are other ways of check- 
ing correct e^pialisation than the scheme last re- 
ferred to. As soon as the fifth marked 4 ” in 
Ex. 2 is ‘reached, the C below gives the major third, 
and if this third is slightly sharper than perfect, 
it is an indication that, so far, the tuning is correct. 
In like manner, test each subsequent fifth by means 
of the triad [Ex. 8]. 

Extending Operations, l^pon the bear- 
ings laid the rest of the tuning is built up. The 
unisons, or two other strings, of each first one already 
tuned must be mode to accord (altering the position 
of the wedge) until each group of three strings blend.s 
projierly together in sound. This done, proceed 
to the octave.s. Begin on C sharp (first ledger line 
beneath treble clef) and tune in succession one string 
of every octave note above until the extreme treble 
of the keyboard is reached. 

All octaves must be “ perfect.” Then take the 
E below middle (?, and tune each successive 
note in octaves down to the extreme bass. 
This done, go over the treble octaves again, 
as they are apt to fall in pitch as the tension in- 
creases on the lower part of the frame. Finally, 
try together double octaves, to sec that all are 
accurate. Having adjusted all these notes on one 
string of each group of three, proceed to tune in 
unison the second and third string of every note. 
Taking these separately, adjusting the wedges as 
explained, get all unisons correctly above and 
below the central octave. To get increased brilliancy 
and fullness, some tuners pull the high notes a shade 
sharp, and leave the extreme bass a trifle flat. 
On completion of the work, clean the keys with a 
soft cloth slightly moistened with warm water, 
and replace the front. 

Apprenticeship, In every large piano fac- 
tory labour is much systematised, so that one 
instniment passes through many hands, each 
man being a specialist in his own branch. Par- 
ticular attention is always given to the tuning 
department, because the best made piano in the 
world badly tuned will sound at a disadvantage 
Piano-tuning condudM; followed 




beside one of inferior make finely tuned. But) 
to take off experienced tuners to teach beginners, 
deprives a factory of skilled labour, which has 
a definite value. Therefore, considering how 
difficult it is to find remunerative employment for 
many young men nowadays, the privilege of being 
taught the art of tuning is gladly paid for by 
parents when their sons are indentured as appren- 
tices. To acquire the necessary flexibility of finger 
and perception of wave beats for good tuning, 
it is essential to begin in early youth when a lad is 
still growing. When the wrist is once set, it is 
seldom pmsible to make what is known as a fine 
tuner. The usual age for beginning is sixteen. 
Obtain an introduction to the manager of some well- 
known factory. If of good physique and character, 
the candidate’s name is put dowm in the “ waiting ’* 
list. Notice will be sent when a vacancy occurs. 
Preference is generally given to the sons of valued, 
employes or good customers. Premiums vary from 
£5 upwards. Apprenticeship is usually for seven 
years. 

Enterinn the Factory. The first work 
is to assist with odd jobs the qualified tuner who 
acta as instructor, when not employed in “ chipping 
up.” By keeping his eyes open, the young ap- 
prentice can learn much in a factory in many 
departments, as his work will not always be in the 
same shop. “ Rough ” tuning is generally done in 
the noisier departments where, in case-making, or 
marking off, there may be a good deal of hammering, 
and a subtropical atmosphere. As the lad im- 
proves in his work, he will be promoted to quieter 
regions, giving him an insight into hammer-cover- 
ing, and ideas as to the latest method of polishing. 
ARer a certain length of useful service the beginner 
will receive a small weekly salary. According to 
ability to tune, this w'ill rise gradually from Ss, 
to £1 a week. 

When the term of apprenticeship expires, an 
ambitious young tuner will endeavour to get a few 
years outside ex|)erience. Vacant situations are 
announced in the various musical papers. Consult 
the foreman tuner, or factory manager, regarding 
the status of advertisers before accepting any offer. 
After an apprentice has done well, the manufacturer 
will usually be agreeable that he should seek to im- 
prove himself practically in some music shop, where 
ne will come into contact with instruments by other 
makers, and learn to repair harmoniums, American 
organs, or piano- i)layers in a way seldom possible in 
any one factory. 

Concert Piano Tuning. The laudable 
ambition of many a young tuner is to do concert 
work. This, of course, demands the most artistic skill. 
Having gained outside experience and, subsequently, 
been received back on the staff of the firm where he 
was apprenticed, he will find, if the opportunity is 
given him, that concert tuning entails considerable 
responsibilities. It involves, during a tour, the 
constant packing and unpacking of a heavy iron 
grand, placing it in and removing it from various 
provincial halls, besides attending each performance 
after smoothing over the tuning of the instrument. 
At the concert it is the duty of the tuner to o^n 
and shut the piano before and after each solo, and 
turn over the music in concerted pieces. Yet it 
brings him into personal contact with some musi- 
cian of distinction w'hose good word may be of con- 
siderable value. The weekly wage will probably be 
£2 28., with an allowance tor travelling and hotel 
expenses. A report should be made on each concert 
and sent by postcard to headquarters. 
by Musical Insibument Making 
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GERMANY AND SCANDINAVIA histoby 

The Unification of Germany. Development of Prussia. Pro- 45 

gress of Norway and Sweden, Denmark, Turkey, and Greece continued from 
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By JUSTIN McCarthy 


GERMANY 

The Thirty Years War had a very bad effect 
both on the population and on the commerce of 
Germany — the population was much diminished, 
and the commerce destroyed for the time. The 
country was burdened with taxes, and the empire 
became divided into a number of small states 
whose rulers held tyrannical sway over their 
subjects. Leopold I., who succeeded in 1658, 
might have done much to restore peace and 
order in his empire, but he allowed himself to be 
drawn into a coalition against France. In his 
reign Strasbourg was added to the dominions 
of IVanco. In 1705 he died, and was followed 
by Joseph I. and then by Charles VI., whoso 
successive reigns lasted until 1740. These two 
kings were tfc last of the male sovereigns of 
the House of Hapsburg. During their reigns 
occurred the War of the Spanish Succession, 
w'hich was ended by the Treaty of Utrecht. 

Maria Theresa. On the death of Charles 
VI., in 1740, the succession was contested by 
his daughter, Maria Theresa, and her husband, 
Francis I. of liorraine. Maria Theresa claimed the 
crown by right of the Pragmatic Sanction drawn 
up by her father in 1713. Charles VII., Elector 
of Bavaria, was, by the help of Prussia, elected 
to the Imperial throne in 1742, but was compelled 
to resign the crown three years later. Francis I. 
reigned from 1745 to 1765. The Seven Years 
War, which began in 1756, aggravated the 
troubles of his reign. His son, Joseph II., suc- 
(reeded him, but w’as little more than a nominal 
ruler during the lifetime of his mother, Maria 
Theresa. Leopold II. reigned two years and was 
succeeded by his son, Francis II., who, after the 
Rheinish Confederation was formed under the 
protectorate of Napoleon the Great, resigned 
the German crown, and became Emperor of 
Austria in 1804. 

The Struggle for German States. The 

history of Germany after the first Napoleon’s 
career began to resolve itself mainly into a rivalry 
and a struggle between Prussia and Austria for 
the rulerslup of all the Germanic states and 
peoples. Prussia may be described as the 
rising power, and Austria as the power which 
had reached its zenith and was already beginning 
to show signs of decay. The interests of Prussia 
were entirely Germanic, but Austria exercised 
imperial sway over nations and states which were 
foreign to her, and were continually rising in 
revolt against her rule. 

Prussia began to form alliances with the 
minor states of Germany, and against these 
alliances Austria issued more than one indignant 
protest. On January 2nd, 1861, the Prussian 
king, Frederick William FV,, was succeeded 


by his brother. King William I., whose corona- 
tion was celebrated with great pomp at Konigs- 
berg. Before this several attempts had been made 
to form a Germanic Confederation of which 
Austria, Prussia and all the minor states should 
form component parts, but nothing effective 
or enduring had come of those attempts, most of 
the smaller states feeling inclined to rank them- 
selves on the side of Prussia, and to be dis- 
trustful of Austrian leadership. 

Bismarck and MoltKe. The Prussian 
king had as his leading Minister one of the greatest 
statesmen the modern world has seen — Count 
Otto von Bismarck, afterwards Prince Bismarck ; 
he also had, as the commander of his armies, 
one of the greatest soldiers that the modem 
world has seen — Count von Moltke. 

Bismarck was bom in 1815. His long struggle 
with the Vatican, the Kufturkampf,” was a 
failure. He was known as the “ Iron Chancellor ” 
and “The Man of Blood and Iron,” the latter 
phrase taken from a speech of his own. 

The struggle between the two rival Powers 
kept growing, and all attempts to mediate 
between them or to settle the differences in any 
satisfactory and lasting form ended in failure. 
It at last became e\adent that only war could 
decide the question. Austria and Pmssia had 
co-operated for the capture of the German 
Duchies of Schleswig and Holstein from Den- 
mark, but this combined 8ucce.ss only led to 
new disputes between the Powers thus in tem- 
porary alliance. On June 15th, 1866, Prussia 
declared war against Austria, and on July 3rd, 
1866. was fought the great battle of Ss^owa, 
which may be said to have marked the close of 
the contest, a contest in w^hich Austria had 
suffered nothing but losses, resulting in her 
absolute exclusion from Germany. 

Prussia’s Development. One imme- 
diate effect of Prussia’s victories was to create 
in her a military power which seemed seriously 
to threaten the domination of the French Empire 
under Napoleon III., and in consequence, on 
July 16th, 1870, Louis Napoleon, acting, it is 
believed under the advice of unwise counsellors 
and contrary to his own personal inclinations, 
declared war against Prussia. The result of this 
policy was the complete overthrow of the French 
armies in that memorable struggle, which, when 
the French had suffered defeat after defeat, €md 
the crowning defeat at Sedan, ended in the cap- 
ture of Paris itself on January 28th, 1871, and 
the proclamation at Versailles of King William 
as German Emperor. Prom that time the King- 
dom of Prussia has lived as the German Empire, 
including under its sway, or as its allies and 
fellow-workers, most of the other Germanic 
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states, Austria being entirely excluded from 
cohesion with Germany. Since that time Prussia 
has engaged in no war, and, although she has 
had to undergo many grave political and religious 
struggles wiwn her own sphere, she has been 
occupied only with the interests of the German 
Empire. William I. died on March 9th, 1888, 
and was succeeded by his son, Frederick III., 
who died June 16th, 1888, and was followed by 
the present Emperor, William II. 

NORWAY AND SWEDEN 

As Charles XII. of Norway left no heir, the 
crown went to his sister Ulrica and her consort, 
Frederick of Hesse, who was’ crowned in 1720. 
Next came Adolphus Frederick, who reigned 
until 1770. In his reign the nobles were divided 
into two parties — the “Caps,” who were the 
peace party, and the “ Hats,” the war party. 

Gu.stavua came to the throne in 1771, and 
abolished the Council of State and restored 
the Constitution. He was assassinated, and 
his successor, Gustavus IV., was dethroned, 
and during some of the wonderful changes 
caused in Europe by the career of Napoleon. 
Bemcbdotte, one of his generals, was elected 
to the throne of Sweden as Charles XIV. He 
had to resist the efforts of his old commander, 
Napoleon, to obtain complete power over Sweden, 
and he won for himself the character of a saga- 
cious ruler animated by the best intentions 
for the good of the country over which he had 
so unexpectedly come to reign. Sweden joined 
the Grand Alliance against Napoleon in 1813. 

It is not necessary to give a list of the 
sovereigns who governed Sweden and Norway 
under the new constitutional arrangements ; 
the kingdoms were prosperous and for the most 
part peaceful. There were many Arctic ex- 
peditions, and many institutions were formed 
for the preservation of Sweden’s older literature 
and for the promotion of culture. These 
systems were successful in causing the spread 
of popular education. Continual difficulties 
and troubles arose, however, from the efforts 
of the Norwegians to obtain a satisfactory 
constitutiem of their own, and these ended at 
last in a friendly separation which gave to 
Norway a separate government and even a 
separate king, while the two kingdoms still 
remained in friendly and peaceful association. 

Separation of the Kingdoms. On June 
7th, 1905, the Norwegian Parliament decided 
on a iinal separation from Sweden. It was 
felt that this resolve of the Parliament should 
be submitted to a popular vote, so on August 
13th the voters endorsed the resolve by a 
plebiscite, giving a majority of 368,208 for the 
separation against only 184 votes for the retention 
of the existing union. On September 23rd the 
Swedish and Norwegian delegates met in 
conference and agreed to the terms of the separa- 
tion. Amongst the conditions were a neutral 
zone on both sides of the southern border 
between the two kingdoms, and the dismantling 
of certain fortresses. On November 18th Prince 
Charles of Denmark was elected King of Newway, 
and assumed the title of Haakon II. 
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DENMARK 

The later history of Denmark tells of many 
struggles and yet of much substantial progress. 
In 1665 the sovereign was made absolute and 
hereditary, and early in the following centi^ 
Frederick TV . added to his dominions the Duchies 
of Holstein and Schleswig. Denmark became 
engaged in war with England during the con- 
vulsive period following ^e French Revolution, 
and its capital, Copenhagen, was bombarded 
by Ix)rd Nelson in 1801 and by Admiral Gambier 
and LordCathcart in 1807, when the whole Danish 
fleet was compelled to surrender. Frederick VII. , 
who succeed^ in 1848, proclaimed a new con- 
stitution, by virtue of which he endeavoured 
to unite Schleswig and Holstein more closely 
with Denmark, and thus to absorb or extinguish 
their nationality. The immediate result was 
an insurrection in the Duchies and the formation 
of a provisional government. The forces of the 
Duchies w^ere defeated, although the Prussians 
lent them some assistance. The European 
Powers recommended the making of peace, 
but hostilities went on, with success now on 
this side and now on that, but with nothing 
decisive either w’ay. A new and somewhat 
liberal constitution for Denmark was sanctioned 
by the King and Parliament in 1849, and peace 
w&n made in 1850. On March 10th, 1863, the 
Princess Alexandra of Denmark was married 
to the Prince of Wales, the present King of 
England. 

The Fate of Schleswig ■ Holstein. 

The Schleswig-Holstein question was now' 
coming to a crisis. Schleswig, Holstein, and 
Lauenberg w’ere entirely German in their 
populations, and were held by the King of 
Denmark as Duke of Lauenberg in the old 
Germanic Federation, while Schleswig was more 
directly attached to the Danish Sovereignty, 
though there was a large German population, 
especially in the Southern districts. The whole 
German people were concerned in the question, 
and could not endure that their countrymen 
should be under the rule of a Danish sovereign. 
Frederick VII. of Denmark had no direct heir, 
so the succession had already been arranged 
by the great European Powers by the Treaty 
of London in 1852, which declared Prince 
Christian of Schleswig-Holstein heir to the 
crown, writh the title of King Christian IX. 
His claim, however, was dispute on the death 
of King IVederick VII. in 1863, by the Duke of 
Augustenburg, who took the title of Duke 
Fr^erick VIII. of Schleswig-Holstein. Count 
Bismarck, who was then the ruling statesman 
in Prussia, determined that the Duchies should 
be annexed to Prussia, and the dispute about 
the succession gave him his opportunity. 

The War with Austria and Prussia. 
The Germanic Federation entrusted the conduct 
of the dispute to the combined powers of Austria 
and Prussia, and the Danish Government had 
a Btron|; hope that England would come to 
their aid. Lord John Russell, then Prime 
Minister, had often told the Danish Government 
that they must, if only for their own interests, 
deal justly with their Gorman subjects. Ho 
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had never sanctioned the policy which strove 
to bring the Germanic peoples into absolute 
subjection to Denmark, and he hcMl made it 
clear that if Denmark did not take England’s 
advice, England would not come to her aid in 
the event of war. In the war which ensued 
Denmark had to fight against Austria and 
Prussia. The Danes fought bravely, but they 
were utterly outnumbered, and their old-fashioned 
weapons were of little use against the needle- 
gun, the new weapon of their opponents. The 
Danes gained one victory over some Austrian 
warships in the German Ocean, but they lost 
all their fortresses, and their defeat somi bi^ame 
certain, even to themselves. Denmark, after 
some futile negotiations, had to accept terms of 
])eace and to give up the Duchies to Austria and 
Russia. By the Peace of Vienna in 1864 the 
King of Denmark resigned the Duchies to the 
Allies, consented to a rectification of his frontier, 
and agreed to pay a largo sum of money towards 
the cost of the war. 

The remainder of Denmark’s history has few 
international interests. The Danes are a people 
of great intelligence and culture, and have 
given many famous names to literature, the arts, 
and sciences, among whom we can only mention 
Hans Christian Andersen, the famous writer, and 
Thorwaldsen, the great sculptor. 

TURKEY 

The advance of the Mongols toKhorasan drove 
the inhabitants, called the clan of the Oghuz, to 
Armenia, where they helped the ruler to repel 
the Mongol invasion, and, in return, he gave 
them land in Asia Minor near the Province of 
Bithynia. The Ottoman Empire began in Sugut, 
the city where their leader settled in the thir- 
teenth century. Ertughrul — this was the name 
of the leader — has been followed by thirty-five 
descendants, Sultans of the Ottoman Empire. 
Sugut was the birthplace of Osman, from whom 
comes the name Osmanlis, now generally called 
in Europe, Ottoman. Osman and liis son added 
much territory by conquest to their dominions. 

In the time of peace which followed some 
of these wars of conquest, the Ottoman ruler 
organised the state and formed a standing army — 
the first, it is said, in modem history — the corps 
called the Janizaries, which became so powerful 
later on as to be an important element in 
the state. Murad I., the first “ Amurath,” who 
came to the throne in 1359, added Adrianople 
and Philippopolis to the dominions of Turkey, 
and in 1364 defeated the Servians and the 
Hungarians. He had many wars with the 
Christians, who tried in vain to resist him. In 
1389, the Turks won a great victory, in the 
Battle of Kosovo, over a large army led by 
Lazerus the Servian, but Murad I. was assassi- 
nated in the same year. 

The next important event in the history 
of the Ottoman Power was the invasion of 
the famous Tamerlane, which stayed for a 
time the wave of Ottoman success. The Tartars 
defeated the Turks, and took the Sultan 
prisoner in 1402, and the conquering days of 
the Ottomans seemed to have come to an 


end, but, under Mohammed L, called ‘*the 
Restorer,” its greatness revived. He transferred 
the capital of his country from Asia to Aorian- 
ople in Europe. In the reign of Murad II., the 
great Hungarian General, Hunyady, known as 
the “White Knight of Wallachia,” was the most 
formidable opponent of the Turks ; he defeated 
them in two battles, in 1442 and 1443, and 
compelled them to make a treaty of peace 
for ten years, to free Servia, and to cede 
Wallachia to Hungary. Notwithstanding the 
treaty, Hunyady invaded Turkey soon after, 
but the Christians were defeated by the Turks 
at Varna in 1444, and the King of Poland was 
killed. 

The Siege of Constantinople. Mo- 
hammed “ the Conqueror ” reigned for thirty 
years, and in his reign occurred the siege and 
capture of Constantinople, one of the most 
important events in Turkish history. This was 
in 1453. Another event was the defence of 
Belgrade, three years later, by Hunyady and 
Jolm Capistran. The Ottoman Power annexed 
Greece and most of the Isles of Greece, and also 
the Crimea in 1475, and Otranto in Italy in 
1480. In 1481, Mohammed died whilst about to 
start on fresh conquests, and was succeeded by 
his son, whose reign was uneventful. With Selim 1. 
began another epoch of Turkish conquests ; he 
defeated the Shah of Persia in a great battle, 
and captured much of his territory. He also 
annexed Syria, and took Egypt from the Mame- 
luks in 1517. But the reign of his son, Suliman, 
“ the Magnificent,” is perhaps the greatest epoch 
in Turkish history. In the forty-six years of his 
rule he conquered Belgrade and the Island of 
Rhodes. He defeated the Hungarians in a great 
battle, in which their king and most of his army 
were killed, and made Hungary part of the 
Ottoman dominions for 150 years. He also laid 
siege to Vienna, but was unsuccessful, and in 
1533 made a truce with the Emperor, Charles V. 

Battle of Uepanto. Suliman died in 1566. 
The next reign saw the famous Battle of Le- 
panto, in 1571, and also the first war between 
the Turks and the Russians, in which the 
Turks were unsuccessful. 

It is not necessary to give a list of all the 
Ottoman sovereigns who followed ; their reigns 
saw many wars with Persia, with Austria, with 
the Venetians, and with other European powers, 
in which Turkey was sometimes victorious. 
But her greatest days were over. In 1686, the 
Turks, undeterred by previous failure, again 
laid siege to Vienna, and were utterly defeated 
by Duke Charles of Lorraine and John Sobieski, 
the King of Poland. The Austrians afterwards 
took Hungary. Ahmed UI,, who succeeded in 
1703, was the Sultan who refused to hand over 
Charles XII. of Sweden to the Russians after 
the Battle of Poltowa, in consequence of which 
Peter the Great invaded Moldavia ; but he was 
so unsuccessful that he would have become a 
prisoner of the Turks but for the intervention of 
his Queen, afterwards Catherine I. 

Later on in the century, however, Russia 
began to be successful in her wars with 
Turkey, and after many wars, in which the 
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Russians were generally victorious, the Treaty 
of Kuchuk Kainarji was made in 1774. But 
notwithstanding this treaty, the Russians, nine 
years later, took possession of the Oimea 
and the country to the east as far as the Caspian 
Sea. The wars continued through some years 
of the reign of Selim III., but occurrences in 
Western Europe soon made the Russians wish to 
end the war, and a treaty of peace between the 
two countries was signed at Yassy in January, 
1792, which confirmed the former treaty of 
Kainarji. By the peace which was now secured 
the Sultan was able to turn his attention to 
reforms in his own dominions. But, like many 
reformers who are in advance of the popular 
opinions of their time, his projected improvements 
were too much for his subjects, and brought 
about his dethronement and his death. After 
the short reign of his successor, Mahmud II. 
came to the throne, and in his reign occurred the 
War of Greek Independence. At that epoch 
began again the history^ of Greece, of which 
there is nothing to relate from the time when 
she came under the dominion of the Ottoman 
power until she regained her freedom in the 
year 1821 — a year made for ever famous by 
that event. 

GREECE 

Greece had for many centuries ceased to be 
knowm as a distinct nationality. During the later 
of these centuries she was entirely under the 
barbaric rule of the Turks. Yet throughout that 
long period of subjection, and of what often 
seemed to be utter national extinction, the 
Greeks never became absorbed into the dominion, 
the kinship, or the ambitions of the ruling race. 
The Greek, when he had to make a living, took 
service wherever he could get it, but he still 
remained a Greek. The Turks had made them- 
selves odious to the civilised world, and early in 
the last century it became evident that Greece 
would take advantage of Turkey’s troubles with 
foreign states to strive for her national inde- 
pendence. 

The Greek War of Independence. 

In March, 1821, Prince Alexander uplifted the 
national standard, and soon after that the War 
of Independence actually began. The Greeks won 
many victorious, and captured the famous town of 
Missolonghi in November, 1821, after a long siege. 
On January 27th, 1822, their independence was 
proclaimed. The Greeks also won a great vic- 
tory on July 13th, 1823, at Thermopylae, a 
fitting scene indeed for the patriotism and the 
warlike genius of Greece once again to assert 
themselves. Lord Byron arrived in Greece in 
the August following, devoting his life to the 
cause of her freedom. He died of fever, however, 
not very long after, at Missolonghi. On 
October 12th, 1824, Greece set up her Provisional 
Government. The Turks meanwhile won several 
victories, chiefly under the leadership of Ibrahim 
Pasha, who for a time recaptured Missolonghi. 


One of the most brilliant of the Greek soldier 
patriots was Marcos Bozaris, who won several 
victories for the Greeks, and died on the field in 
an attack on the Turkish army. 

Intervention of the Powers. The sym- 
pathy of Europe was almost universally with 
Greece, and a treaty was signed at Londem on 
July 6th, 1827, between Great Britain, France, 
and Russia for the defence of Greece. The result 
of this united movement was the complete defeat 
of the Turks, and by the Treaty of Adrianople, 
signed on September 14th, 1829, the Ottoman 
powder acknowledged the independence of Greece. 
Greece became a kingdom under the protection 
of Great Britain, France, and Russia. 

The crown of the new kingdom was offered to 
Prince Leopold of Saxe-Coburg, but was refused 
by him on the ground that the boundaries of the 
new kingdom did not include the whole Greek 
nationality, and especially excluded the Island 
of Crete. The crown was then offered to, and 
accepted by. King Otto of Bavaria, who was 
made King by a Convention signed May 7th, 

1832, and he assumed government on June Ist, 

1833. He proved a despotic ruler, and had to 
leave Greece in 1861, and a son of the King of 
Denmark was made King with the title of King 
George I. The new king was bom in 1846, and 
at the time of bis becoming king the Ionian 
Islands were restored to Greece. King George I. 
was unpopular for a time because of his unwrilling- 
ness to go to war with Turkey, which the Greelw, 
as a whole, wished to do. But during his reign 
the condition of Greece w^as prosperous, notwith- 
standing political and financial troubles, until 
the time of the disastrous war with Turkey 
in 1896. 

The Greece of the Present Day. The 

constitution of Greece places the executive 
power in the hands of the King and his 
Ministers, and entrusts the legislative power to 
a single representative chamber elected by man- 
hood suffrage for a period of four years. Greece 
has since been on the whole a prosperous and pro- 
gressive country, although the fact that so much 
of Greek soil and so many Greek populations were 
still cut off from her became the occasio:\ of 
many struggles against Turkey. The Islanc of 
CVete w as by the protecting Powers releat mI 
from the baneful control of Turkish rule and 
placed under the control of a High Commissioner, 
at present Prince George of Greece, assisted by 
his councillors and a representative assembly. 
There is a strong demana among the Greeks of 
the Kingdom and of the island alike that Crete 
shall be allowed to became an integral part of 
the kingdom, and there cannot be much doubt 
that this national demand will before long have 
to receive complete satisfaction. Greece is a 
country in which education is widely spread. 
The intelligence of the people displays itself in 
agriculture, in trade and commerce, in literature, 
in arts, and in political life. 


Continued 
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V«ri«ttet of Saw Teeth, Drunken Saws, Tension of Sawa. 

Saw Guards. Planing, Jointing, and Thicknessing Machines 
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By FRED HORNER 


r^EVOTING now a brief space to the oonsidera. 
^ tion of the saws which 


\ which are used in the various 


machines hitherto deecribed» we begin with the 
frame-saws. The types employed in the log and 
deal frames [44, A and B] are long flat blades, 
or wASf to which are riveted hueldes [a] held at 
the bottom end of the swing frame by a hooked 
portion, or by a head, and strained up in the top 
by tUlers and cotters. Enlar^ views of the 
buckles and cotter are riven in G. The horizontal 
board-cutting machines nave saws like D, attached 
and strained with buckles and screws tightened up 
with nuts. 

The shapes of the teeth for such saws are shown in 
45, A and B being triangular, with a moderate 
amount of radius at the roots, C, with 9 , gtUlet 
tooth, while the horizontal machines use webs with 
double sets of teeth, placed in reverse fashion, 
D, to cut in both directions alternately. 

Band-saws are necessarily very 
flexible, to lap around the pulleys, and endure 
the constant bendings and straightenings which 
go on, and the temper must be v^onn through- 
out the blade, in order to avoid cracks and 
broakam. The sizes range from i in. to 16 in. 
nide. The most common shape of tooth is that 
at A in 46 . while other shapes are shown at B, 
C. and D, with a greater amount of radius at , the 
roots. The pitch or distance apart of the tooth- 
points is greatly varied, according to the size of 
the saw and the class of work which it has to do. 
Thus an i-im blade will have nine teeth to the inch, 
i-in. six, 1-in. three, and so on. The blades are 
made in lengths from which bands of suitable size 
are prepare, by brazing the ends together. A 
scarf joint is formed by nling down each end for a 
little distance, so that when the ends are lapped 
over each other the combined thickness is equal to 
that of the rest of the blade. Brass or silver solder 
is used, in the fonn of sheet, wire, or filings. The - 


silver solder has the advantage of melting at a lower 
temperature than brass, although its cost is greater. 
After scarfing, the ends of the saw are placed 
in special screw clamps, which retain the blade in 
correct position, with the back in line. Powdered 
borax paste is applied to the joint, and the solder 
put in place. On the application of heat the solder 
fuses, and the joint heii^ pressed together, a 
union results. Iron wire is usually bound round 
the ends to keep them together until set. The 
method of applying heat varies. Sometimes a 
special pair of thick tongs is made hot and pressed 
over the joint, or an oil-flame is used in conjunction 
with a blowpipe. There are also brsizing machines, 
constructed with a hearth beneath the clamps, so 
that a charcoal fire can be lit to play aroimd the 
joint. The superfluous solder is subsequently 
cleaned off with a file, to make the blade thickness 
uniform. 

Tension of a Band-saw. The tension of 
a band-saw blade relates to a certain slackness of 
the centre, produced by a hammer, or by rolls, the 
effect of whkh is to cause the blade to bear on the 
pulleys with its outer edges, and not in the middle 
plane. The tension is produced by working about 
the central plane, or reduced by working along 
near the edges. The amount of tension varies for 
different saws, and the makers provide tension 
gauges, of certain set curvatures, by which to test 
the tension. Twists and lumps in the blade are 
tested by applying a short straightedge, while the 
saw lies on a levefiing-table, and are eradicated by 
light blows with hammers. 

Another point is that, to run properly, the back 
of the saw must be perfectly straight. A long 
straightedge is applied to test the accuracy or other- 
wise, and the matter put right by hammering or by 
rolling. Should the back be concave, the surface is 
worked over near the back vrith a series of blows 
extending to the central portion ; if convex, the 
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SAW TXBTH 

44. Frame saws 46, Frame-saw teeth '46» Tand-saw teeth 47, Ciroular-saw teeth 48 and 49. Inserted chisel-point 

teeth 60. Drunken saw 
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jbammeriiig must be done near the tooths 

neeeasary side olearaaee of a band-saw b)Me 
in the timber is obtained either b^ forcibly setting 
oyer each tooth alternate^ to nght aad left, so 
that the reeultiDg cut is wumr than the blade itself, 
this being termed spring set, or by swaging the 
points of the teeth — that Is, applying pressure to 
Um front of the teeth, so spreadm^ them sufficiently 
to clear the blade in the out. This is the swOge set, 
The latter is not quite so smooth cutting as the 
spring set, but operates quickly. Swaging is 
effect by an apnlianoe fitt^ over the blade and 
fofoing hardens dies againat the tooth faces. 
Spring setting is performed by side pressure, or by 
bmws, which force the teetn over to an exactly 
uniform extent all along. The simp^t sets 
comprise a block and a punch, which is struck 
with a hammer, to drive tne teeth into a recess in 
the block. Other hand sets are constructed some- 
th^ Ifire pliers, with an anvil, against which the 
teeth are forced by a plunger, brought into action 
hy squeeaing the handles ci the tool together. 
\(^ere a sufficient run of work is certain, a machine 
of automatic character is emplo 3 r^ 
having steel hammers on opposite 
sides of the saw, which is fed tnrough 
by a ratchet or other device as the 
teeth are set. 

Circular Saws. Circular-saws 
have teeth of very diverse types, the 
shapes of which depend upon tne class 
of cutting, whether with or across the 
grain, and the relative hardness or 
softness of the timber. For ripping 
3<jit woods, the teeth are spaced 
wklelv, and are formed more ___ 
acutmy than for the harder 
varieties. Figure 47 illustrates 
some of the commoner shapes 
of circular>8aw teeth in use. 

A, B and C are triangular teeth, 
with more or less rake, for 
softer woods; D has gulleted 
teeth, which afford great free- 
dom for the sawdust. . Two 
other shapM for ripping are 
shown at £ and F. G is for 
ripping hard wood, the rake 
bmng lessened accordingly. 

Cross-cutting requires a dif- 
ferent form of teeth, because, 
instead of pacing down and forcing the fibres 
asunder, as with ripping, the saw has to sever 
the fibres at right angles, which imposes much 
more resistance. The shape of tooth is that of 
an eonilateral triangle, callikl a peg tooth, H, and 
it is oevelled to pr^uce a keen e^e, each tooth 
having the bevel facing in an oppMite direction 
to that of the adjacent tooth. Thm is no hard and 
fast rule for the use of the peg-tooth, since some 
of the other previous shapes m teeth, notably D, 
are used freely for cross-cutting in the soft woods, 
but they are limited to these woods. 

Inserted Teeth. The Americana have 
developed a class of circular-saws with inserted 
teeth, which are used largely for dimneters above 
about twelve inches. The advantages claims are 
that a better class of tooth can be product as 
regards temper and clearance, than when tMtb 
are formed out of the solid plate, and also that in 
the event of nails or spikes being encountered in 
the timber, the damage to the saw is far less, 
because at the worst a few teeth are broken off or 



quickly replaced wiUi new oOds. But a solid-tooth 
saw undmr the same oiroumstanoes may have 
several teeth brbkeii out^ nebessftktiiig the Muotkm 
of Uw entire diameter to bring it down sufficiently 
to make a new set of teeth sB around. The fitting 
in of the tootii is effected by vee edges, which 
prevent lateral movement, ana the aottud cutting 
portion or 6iir [A, 48] is secured by a skamk, B, 
the two wedging together firmlv when dipped into 
place by the help of a tn^ial wrench, having a 
pin fitting in the nole in n. The shank is split in 
some oases to juKMiuoe a decided spring, to retain the 
parts in place [48]. 

Special Saw*. Chround^fff or bevelledf or 
swaged saws are tapered off in thiokneBS from the 
centre to the edge* which may be very thin, while 
still leaving the My stiff. The s^ding-off is done 
only on one side. The result of tbinning the saw 
thus is to save wood in the kerf, and to enable fine 
sawing to be done, so that these ground-offs are 
very suitable for fine cabinet and Mx-work. The 
teeth of swaged saws are pitched rather closely 
together, and are smaller than those of ordinary, 
or plate circular saws. 

HcUow^gronnd saws are a class 
which work without set, the 
clearance being provided by 
grinding each face tapering from 
the teeth to near the centre, 
where a parallel portion is left 
for the spindle collars to grip. 
As the teeth are wider than the 
blade behind them, there is no 
side friction. These saws make 
a very smooth out, and are 
used for the finer classes of 
work, including mitre cutting. 
Grooving saws are hollow-ground 
saws, made of definite thicknesses to 
cut grooves, ranging from { in. to 1 
in., or more. They leave a very smooth 
surface. The teeth are coarsely 
pitched for good clearanoe. 

DrunlLcn Smwe. Another class 
of saw employed to cut grooves or 
tenons is tne drunken or wMle saw. 
The blade is held in an oblique posi- 
tion, so that it wobbles while re- 
volving, or altei^tely travels from 
one side to another, so that when 
fed into the wood a slot is cut 
out. Bevelled washers are employed in some 
fittings to cant the saw. Figm 50 illustrates 
a saw by Garron Company, Gar^, Stirlingshire, 
which has a ball centre. A, upon whion the 
saw, bolted to a socket, B, embracing the ball, 
may be moved to ghre any required inclination 
within its range. B has a stud fitting in an 
inclined mroove cnt inside in the surface of a 
washer, G. The whole arrangement is firmly 
clamp^ by the nut, shown dottro, at the end dl 
the spindle, and the saw cannot alter its angle until 
this nut is slackened. The saw-blade, shown in 
place, is a type much used for grooving, differing 
from ordinary ones in having a couple of sets of 
cleaning teeth which ensure a smooth surface. The 
diamm at D shows the action of the drunken 
blade in a groove. The saws are usually made in a 
range of sixes from 7 in. to 16 in. diameter, cutting 
riots of from | in, to If in., and from VV hi* 

4 in. . respectively. By putting oval or elliptical 
blades on, round bottomed grooves may be cut. 

A few other special saws may be mentioned, 

tom out without damaging the plate, and can be such as the segmeiAal types, which have their blades 
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buih ap of ra4iftl ■ogments mounted on a central 
boMf by wbioh device a thinner edge can be obtained 
than bv using a aoUd plate. These are used for thin 
re^sawmg w<»k» and for veneers. Concave saws 
are dish& to form the envelope of a sphere, and are 
employed in outtinn onired pieces, such as for 
wheel felloes and barrel parts. Cylinder saws, 
which are in the 
form of a large 
tube, with teeth 
on one end, saw _ 
out barrel staves 
to the correct ^ 
curvature on one 
side. 

Tension end 
PscKInf. The 

hammering of a 
circular saw is 
done to bring it 
into a proper con- 
dition for true 
running ; there 
may be tightness 

or teneion at the rim, or near the centre, accord- 
ing to the manner in which the hammering is 
done. The apparent rigidity of a saw plate dis- 
appears as it attains a high speed, and it becomes 
limp and pliable and is very susceptible to lateral 
pressure. There is a certain cntical speed for 
every saw, at which it will run true, if hammered 
accordingly, but if the speed is altered, or the 
saw becomes reduced in diameter through re- 
peated aharpenings, in the course of time, re- 
nammering is requii^. Another feature of great 
importance is the packing^ which usually consists 
of hemp, plaited, and packed in on each side 
of the plate, being supported by boxes or strips 
underneath the table. The object is to support 
the saw laterally and enable it to stand up 
to the work without miming out of tmth, which it 
would do bn encountering variations in the timber. 
There is another effect, that of imparting a 
certain amount of warmth to the saw plate, 
lating the tension, and preventing buckling. The 
rumung of the saw can be controlled by packing 
harder or softer. Thus a saw that is “loose ^ 
on the rim may be made to run properly by 
packing rather tighter near the cen^ than 
towards the periphery, so that the central area 
is warmed up, and so the metal expands more, 
pressing on the rim portion, and checking the 
unsteadiness. The packing is lubricated by some 
class of rather thin oil. 

Saw Guards. The question of a provision 
of a guard to a circular saw has to be considered ; 
it is a very dangerous tool, and many accidents 
have occur^ through sawyers getting their hands 
caught in the teeth, chiefly on account of the 
Angers slipping when feeding the stuff. One of 
the best-known guards is the “ Ideal,” constructed 
by Messrs. M. Glover & Co., of Leeds, and illus- 



trated in 51. It is so made that the saw is com- 
pletely protected, no matter what the height of the 
wood being sawn. The device comprises a bracket, 
A, bolted at the back of the saw-bench, and sup- 
porting a steel shaft, B, centrally alkive the saw 
spindle, by means of another vertical shaft, in order 
that the guard may be altered to suit differing 
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52. HANP PLANER 

diameters of saws. The actual guard or hood, C, 
oast in brass, and perforated to let the sawyer see 
the line of teeth, is hinged, so that it falls auto- 
matically down on to the timber, D, and leaves no 
portion of the teeth exposed. The rear portion of 
the saw is guarded by a hack knife, £, slightly 
thinner than the saw, and attached by a sbding 
clamp beneath the bench [see the enlarged detail], 
and above to the hood-holder. This back, or 
riving knife prevents the sawyer from getting his 
fingers into contact with the teeth, and ateo obviates 
the danger of stray pieces of wood touching the back, 
and being thrown up by the teeth with great force 
into his face. £ is the loose finger-pUUe (not 
previously referred to) with which saw-benches 
are movided, to enable the saw to be removed, and 
to the underside of which one of the packing- 
strips is attached. A couple of slots in the finger- 
plate enable the operators* fingers to be inserted 
tor its removal ana replacement. 



58. HAND PLANER, SHOWING OOVNTBBSHAVT DRIVE 
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Plaidiif Machilim. The ma^lilnes 

ecmstituto a large group, which operate by 
or knives, eith^ revotying or fixed. They true 
up narrow or broad aurfaoes, cutting on one or 
on aeTeral sidea of the timber, and have hand or 
power feeds. The simplest class of planer is that 
represented* in 82 (Messrs. Jo^ Sutcliffe ds 
LM., Halifax), termed a hand or overhand, or in 
Ammica a buss-planer. The frame carries bearings 
for a revolving spindle, which holds two or three 
loi^ cutters revolving at a high speed, the spindle 
being driven from the belt pulley at mie end. The 
timbw is passed over the two tables projecting out 
at each end, and adjustable vertically upon slojang 
ways by screws and hand wheels. The fence on 
the right-hand table guides the wood in a straight 
line, and can be canted over for angular work. 
The two curved springs passing down the front 
keep the timber upon the table. In operation, 
the right-hand table is set lower than the left-hand 
one by the amount necessary for the cut, and the 
workman, standing alon^ide this right-hand 
table, passes the wom over it and the cutt^ spindle 
until, the other table receives it. The machme is 
often termed a jointer, because one of its principal 



54 15 IN. X 7i IN, SURFACE FLANINO AND THICKNES8INQ MACHINE 


functions is that of preparing edges for gluing 
tocher. Planing out-of-wind, surfacing, cham- 
fering, rebating, etc., can be done also, or by patting 
in special cutter-blocks, mouldings and tongues 
ai^ grooves can be produced. The machine shown 
will plane to width of 16 in., the spindle makes 
800 revolutions a minute, and about 3 B.H.P. is 
required for driving. 

The illustration [M], showing a similar class <rf 
hand planer and jointer, by Messrs. John McDowall 
& Sons, Johnstone, includes also the driving ar- 
rangements. A countershaft is placed on the door, 
and carries one pulley which is driven from the 
line shaft and another belted to the planer, 
pulley. The belt is shifted from the one fixed pulley 
on the countershaft to another loose one adjacent, 
the striking gear being connected by a long rod to a 
handle at the end of the planer, so that the operator 
has complete control without moving away. The 
tables in both of these machines are fitted with 
adjustable upper slides, which can bo drawn 
back sufficiently to allow cJ extra overhang of 
grooving or other cutters. 

These planers are sometimes adapted to the 
requirements of wheelwrights by fitting curved 
guides at the front, to pass felloes over an extension 


of the onttet-blodc, and so to plane * the inside to 
a regular curve. A boring"^ and mortising attach- 
ment is also included Whcai' desired ; It is fitted 
similariy to that mentioned previously in connep- 
tion with cirimlor-saw benoh^ ' 

The hand planer is one of the most dangerous 
machines to operate, because the knives revolve 
between the lips of the tables, and the attendant’s 
fingors are very liable to slip into the opening 
ana become mangled. The safest class of work 
is that of shooting the edges of boards, in which 
case the hands are raised im to a considerable 
height from Uie knives. A samty guard, as applied 
to such planers, comprises a brid^ spanning over 
the opening, its heignt being vanable to suit the 
thickness m wood being planed, so that there is 
no chance of the worknum’s hands touching the 
cutters. If thin boards, etc., are being surmoed, 
the mard reaches across to the fence ; but if edges 
are being planed, the guard is drawn awav from 
the fence sufficiently to let the stuff pass, leaving 
the rest of the gap covered. The opening between 
the tables is made as narrow as possible in most 
machines by screwing thin taperkl steel lips on 
to the table edges, projecting over the outter-blook 
as far as practicable. 

The action of a outter-oylinder, revolving the 
knives against the travelling wood, tends to pr^uce 
a series of undulations or waves, which correspond 
to the spacing of the knife strokes. In order to 
reduce this unevenness as much as possible, the 
diameter of the cut- 
ting circle must be 
small, and the speed 
of rotation high ; 
while steadiness of 
running is essential 
also. The last- 
named feature can 
only be scoured by 
accurate balancing 
of the cutters and 
well-fitting bearings. 
The latter are made 
very long, and have adjustments for taking up wear. 

SurfiRcing and Thlcllneaaing Machine. 
An advance on these machines is the oombined 
surface planer and tkicknessinq machine [ 54 ], 
which has a power-feed by rollers, passing the 
timber through between the rollers and the cutters, 
and reducing it to an even thickness. One side 
of the stuff is previously trued upon the surfaoer. 
The upper ^rtion of tne machine in 64 (also by 
Messrs. McDowall) is formed like the preceding 
one; the arrangements for thicknessing include 
four serrated rollers, lying to right and left of the 
spindle, and passing the stuff between them, the 
upper rollers being positively driven by spur gears 
(the dotted circles of which are indicated), deriving 
various rates of speed from con^ulleys at A and B. 
Heavy adjustable weights at OC press upon levers 
which puU down the top rollers am enable them to 
get a bite on the wood. The table, D, supporting 
the latter, is raised or lowered by a vertioaf screw, 
operated by the hand wheel, E, and an index scale 
at F shows the thickness being planed. The 
arrows show the directions in whichnand and power 
feed are given, these necessarily being in opposite 
directions, on account of working above and below 
the cutter-block respectively. 


(Jontinued 
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P the manipulation of metals it is essential 
that there should be simple and efficient 
methods of uniting two pieces of the same or 
different metals, and there are many processes for 
making such unions. The ideal method is by 
welding — that is, by fusing, or almost fusing, the 
edges of the metals to be united, usually by the 
heat of a coke fire, and by hammering me edges 
imtil the opposing surfaces become merged into 
each other, making a homogeneous and strong 
union. In making a weld — with two pieces ra 
wrought iron, for instance — the finished work may 
be as strcmg as if it had originally been rolled in 
one piece ; and if a subsequent rupture takes place, 
it is as likely to be at some other spot as at the weld. 
But many metals — such as cast iron, many steels, 
zinc, brass, eto.<--cannot be welded by the simple 
process described, and some cannot be welded at 
all. In cases where the temperature of the coal or 
coke fire cannot raise the metal to a temperature 
sufficiently high to permit welding by the time- 
honoured method of heating in the fire or blow- 
pipe, the process of electric welding may be em- 
ployed, and is extensively employed in welding 
steel. The air-hydrogen blowpipe — that is, a blow- 
pipe the gas of whose flame is a mixture of air and 
hydrogen— is also used in the process known as 
** burning'* or autogenous soldering or welding. 
Now the oxy-hydrogen and the oxy-acetylene 
blowpipes are employed for the same purpose. 
The wonderful thermit process introduced a few 
years ago is also of mat industrial importance, 
and by its agency welds in difficult positions are 
easily and economically made. It takes advantage 
of the great affinity of aluminium in the form of 
powder for oxygen and the very hifl^ temperature 
attained daring the process of chemical union. 
All these processes we shall consider at some 
length. 

Soldering. But in addition to the various 
welding processes there are the processes of 
soldering, which mav be divided into two classes — 
hard smderin^ and soft soldering. The value 
of soft soldenng compared with welding is that 
it may be used without necessarily spoiling the 
appearance of the surfaces being united. In 
soldering, the two surfaces to be joined are not 
raised to the point of fusion. Union is attained 
by the use of a third substance — the solder — an 
alloy with a lower melting point than the metal 
being joined, which, by the help of a flux, is 
made to fiow over the surfaces to be placed into 
contact, so effecting union. Soft soldering does 
not give such an intimate union as welding, but 
it is sufficiently strong for very many purposes. 
Ordinary tinware is invariably soft soldered. The 
process is the only one that would permit the tin- 
coated iron surface to retain its finished appearance. 

Hard soldering, on the other hand, uses alloys 
of a much higher melting point than the soft solders, 
and the unions are therefore stronger. These hard 
solders are usually termed in the trade ** spelter ** 
or ** brazing spelter.** The name should not be 
confounded with the word ** spelter** used as a 
s3monym for ingot zinc. 


We do not include in the processes of uniting 
metals the mechanical one of riveting, which 
scarcely falls into the classes of work we set out 
to consider. 

Welding. Welding is possible with those 
metals which, as they are raised under the 
inflaence of heat from cold to the fused or 
molten state, pass through a pasty or plastic 
stage. This plastic stage is the welding heat. 
The ends of two bars of iron may be heated 
to this welding heat, placed in contact and 
hammered, and the resmt is a weld. The ends 
may be sloped or upset ; or one may be split and 
the other pointed, so as to give greater chance 
of a good weld, ^e process has been described 
on page 2988. The necessary conditions for a 
good weld are that the welding surfaces should' be 
as large as possible— hence tfhe sloping, upsetting, 
or splitting — that there should be no scale or oxide, 
and that the heat should be sufficiently high. 
To remove any scale that may exist, welding 
powders, so-called, are frequently thrown upon the 
surfaces to be united. The most frequently used 
powders are boric or boracic acid and silica or 
sand. The effect of these powders is to form 
with the scale a slag, which fuses readily, and 
docs not therefore interfere with the process of 
welding. 

No weld is possible with cast iron or steel, the 
carbon content of which exceeds 2 per cent., as 
these metals pass quickly from the solid to the 
molten state and have no plastic stage to give them 
a possible “ welding heat.’* 

Welding Steel. Iron is welded at white 
heat or a high red heat, but steel must be welded 
at a lower heat — in fact, the heat of the latter 
should never be raised higher than the degree 
necessary to effect a weld, or the quality of the nukal 
is impaired. At the beginning of a steel weld the 
pieces should be struck lightly, and only after 
the weld has gone a little way should the sledgC' 
hammer or tne power-hammer be used. Stoel 
must be worked quickly on account of the low 
heat at which the work must be done, and even 
then it may bo necessary to mve it more than one 
heating. The article welded must be annealed 
after welding — that is, it must be heated slowly 
to welding heat, and allowed to cool gradually. 
After being heated, the article may be covered with 
dry, warm sand, or may bo left in the forge until 
the fire is cold, either method giving the necessary 
time for cooling ; but, of coiwse, the latter is im- 
practicable if the fire is in constant use. 

The fuel in heating oast steel for welding 
Imposes should be coke or breeze, and not coaL 
^e steel should bo heated ^iokly, being mean- 
' time covered from the air. The welding heat is 
low, and the metal should not be overheated. 
Before putting it into the fire, a fiux composed of 
eoual parts of borax and washing soda and a little 
white glass which has been fused together and 
afterwMs ground, should be sprinkled over it, 
which will dissipate the oxide that may form. Many 
other fiuxes besides that mentioned may be used. 
One authority recommends a mixtiure of sulphutt 
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. i«l Mumonifto, and borax la the.prcqaorUonB 
l« 2, and 10 reapeotively ; while another aim 
powdered white marble. 

In wriding cast steel to iron the latter must be 
raised to a much higher heat than the former. 
Ihmallj a flux different from Uiat mentioned above 
is employed. It generally contains a percentage 
of prussiate of potash with wucax and sal-ammoniac. 
An extensively used B^cmieh prooess of welding — 
the Lafitte--Hiaes {dates made of wire game covered 
with the fiuxiim powder. 

Welding Copper end Platinum. Copper 
lor welding is usually heated under the blowpipe 
instead of in a fire, for the carbon of the fuel would 
unite witii the metal and form copper phosphide, 
mahing a scdid weld impossible. Copp^, p^ioularly 
at^its welding heat, is very soft, and r^uires careful 
manipulation, as. it does not offer the lesistanoe 
to blows that iron does. The flux should be applied 
before the metal is at the proper cheny-red welding 
heat. It usually consists of soda p^phate and 
boracio acid in the proportiotts of 1 and 2. 

It is pomble, but difficult, to weld platinum, 
because this metal gives off its heat so rapidly that 
the heated edges soatoely remain at a welding 
temperature long enough for the operation. To 
make an efficient platinum weld it is necessary to 
have the hydroffen blowpipe plajring upon the 
surfaces during entire operation. No welding 
powdm are med for platinum. 

Autogeikoun Solderiagi or Bumi^ 

The prooess of autogenous soldermg, or burning, 
as it is commonly termed, consists in uniting two 
pieces of the same metal or of differmit met& by 
rasing the edges to be joined, and thereby causing 
them to run together so as to form a strong union. 
It is more akin to welding than to soldering proper, 
hence we give it consideration before passing on to 
dlscusB the subject of soldermg. It makes a mucli 
stronger and more intimate union than soldering. 
No intorposi^ metal is used, hence the expansion 
and contraction of the finished joint is uniform, and 
rupture is not likely to take pbme under any strain 
msnffioient to rupture the solid metal In soldering, 
also, the interpoMd Bold(»r Is apt to oxidtie more 
or less than t!ie joint, therely causing weakness ; 
autogenous soldermg is free from this o^ection. 

The heat used in autogenous soldermg must be 
intense enough to fuse the metals being operated on. 
H^oe, until recently it has been oiUy the metals 
with comparatively low melting points that have 
been ** burned ’* with the help of the blowpipe. 
But during recent years the oxy -hydrogen blowpipe 
and the oxy-acetylene blowpipe have Imn pressed 
into service for autogenous soldering, so that now 
even iron, steel and nickel can m successfully 
joined by burning. We shall consider these im- 
povements in the prooess when we have discussed 
its older applioatioos. 

We must recognise two classes of autogenous 
soldering. In one, molten metal the same as that 
being joined is poured over the edges desired to be 
join^ It unites with these edges and forms, 
if thoroughly successful & homogeneous mass with 
the work upon which it has been poured. We have 
seen this process already in the treatment of brass 
eastings which are required in one piece, but 
we, for foundry convenience, or because of the 
limited sizes of moulding boxes, oast in two or 
more pieow (see page 6313]. The prooess is also 
?*®r castings, small pieces that have 

broken off a large casting being renewed by tb ki 
mean^ or faulty parts of a large casting being 
Intentionally removed and renewed by pouring 


molten oast fron around tiib psrt» plaoqd lu a suital^ 
mould. In tlwse cases tiie qss^^.io, good tiutk 
are a properly prepared moukljm wlpck the work ^ 
is placed, and into whloh 'tlie idoften metal may 
be poured, a high degree of fluidity in pourings 
metal, and provision that the filrst pis^ of the 
pourmg may run out by suitable gates after psasins 
over iad heating the surface. Thus, the cola 
surface is thorou^y heated before the later part 
of the pouring reaohm it ; the union by this means 
is more oertam, and stronger. To attempt to use 
the first part of the pouring before the ookl surface 
had been raised to tlm point of fusion or semi-fusion 
would result in a chill. 

Pewter end Lend Burning. Pewter 
work is usually united at the comers by auto- 
genous solderi^i especially if the piece be of 
such a shape as to make soldering from the inside 
impossible. A small piece of pewter of suitable 
shape is laid upon the port where the union is to 
be, and heat is applied with a copper soldering bolt, 
which is passed ovw the work until the joint is 
propody made. The work is then filed and polished. 
If it has been properly done no joint is visible, 
and the comer loo£s aa if it had Wn made from 
the solid. The heat may be applied by means of a 
blowpipe instead of with the solaering bolt. 

LMid burning is the most common application 
of autogenous soldering. For lead tanks and lead 
vessels used in ohemk^ works burning ** is the 
only proper method of making a joint. The lead 
to be burned must be scraped clean. For some 
work, such as lead roofing (see pam 5032), it is 
sufficient that the two edges to be jouied overlap a 
little ; but for strong seams, such as are reouirea in 
the bottom of acid tanks, strips of clean lead are 
placed above the two butted earn it is desired to 
join, and the heat, when applied, causes the new 
piece to fuse on to the top of the other two above 
the butt. The heat may be applied with a 
plumber’s lamp, or by a blowpipe burning service 
gas, but the and usually most convenient 
method is by a burning machine *’ or hydrogen 
gas generator. Thk is an apparatus oonsis&g 
of a lead cistern, into which zinc cuttinm are 
put with diluted sulphuric acid so that hydrogen 
IS evolved, and after passing through a water 
chamber to be purified is led into an air vessel, 
which is merely a barrel containing on inverted 
circular tank of zinc floating on water. A suitable 
pipe is led from this tank, and by applying a weight 
to the top of the floating tank or gM bell, the 
hydrogen is given pressure to send it with the 
required force throng the blowpipe, which is 
connected to the end of the pipe. 

Lead burning may have to be done in work in a 
horizontal position, working from the top. It may 
have to be done upon lead in a vertical position, 
which is much more difficult. It may, finally, 
have to bo done overhead, and this is naturally the 
most difficult of all. The method pursued may be 
divided into two classes: surface fusion, whi^ is 
ccHnparatively simple, and through and through 
fusion. Lead oxidises rapidly, especially when hot, 
and oxidised edges cannot be joined so as to me 
a perfect seam. The outside flame of the blow- 
pipe is an oxidising flame, and the point of the 
inner flame, which is the point of greatest heat, 
should be applM to the spot it tt desired to 
fuse. The blowpipe should be broufl^ sharply 
Into position aild withdrawn sharply, so that the. 
external flame may not linger up^ the lead that 
is fused or in prooess of fusiSu. . Borne lead burners 
claim to bo able to run down a seam witiiout 



withdrawinff the flame, hflt this is neither the usual 
not the salest pradtioe. Intermittent fusion is 
better. Sel^t a point of the work and apply the 
flame to it until a dirole of semi-fusion is made. 
Then withdraw the flame for a moment and select 
another point a quarter of an indh along the seam on 
which to operate. With heavy lead-— «ay over 6 lb. 
— the seam must be attacked on both sides to make 
first-class work. When the position of the work 
makes this impossible, the two edges to be joined 
should be butted and the edges should be scraped 
so as to form a V-shaped joint, with the apex of the 
V where the edges touch. A strip of lead should 
now be burned on to the recess, the surfaces mean- 
while being kept clean by scraping with a shave- 
hook. 

Care should be taken to Mt a flame of the proper 
shape. It should be reguhir,,eaoh side of it being 
the shape of a true arc drawn from the point of 
issue from the blowpipe to the tip. An irregular 
flame splutters out in the shape of a horse’s tail 
and has no true point. The proper shape of flame 
can be got only with practice, and by making the 
pressure and quantity of both gas and blast pro- 
portionate, so as to give the best results. 

The Blowpipe. We may consider the 
blowpipe. It is essentially, in the case we have 
been considering, an apparatus consisting of an 
inner or central brass tube, and an outer brass 
tube encompassing the inner one. The inner tube 
is connected to the gas supply, in this case the 
hydrogen generator. The outer tube is connected 
to an air blast, usually either a fan or foot 
bellows. The gas coming from the inner tube 
is ignited, nod by causing a blast to issue from the 
larger and surrounding orifice the flame is directed 
upon any piece of work to which it is desired to 
apply heat. The principle is the same whether 
the fuel be hydrogen, coal gas, oxy-hydrogen gas, 
or oxy-acetylene gas, the gases in the case of 
the two last-mentioned being mixed in the blow- 
pipe. The hottest part of the flame is the 
point of the inner or blue flame, and for work to 
which it is desired to apply the greatest possible 
heat the blowpipe is held so tlmt the part of 
the flame mentioned may impinge upon the work. 
Most blowpipes have a spring device by which the 
blast passing up the blowpipe may be regulated 
in accordance with the requirements of the work. 

For small work an ordinary mouth blowpipe 
is used, and jewellers invariablv use such a blow- 
pipe. The heat is the flame of a spirit lamp, and 
the tip of the blowpipe is inserted into this flame, 
and the workman, with cheeks distended, blows 
through the blowpix)e, meantime holding the article 
to which he is applying the heat in the proper 
position that the flame may be blown upon it. In 
such cases the article is usually put upon a block 
of charcoal. An efficient blowpipe device may be 
made by anyone with a penny candle and the stem 
of a clay pipe. 

• hydrogen Blowpipe Welding. 

One d^oulty long stood in the way of ozy-hydrogen 
blowpim welding — the lack of any known method 
of producing the gases at economical coat. This 
difficulty has been overcome by a process recently 
introduced by Messrs. Braby A Co., of London 
and Glasgow. The advantages of the oxy-hydrogen 
flame oyer the eleotrio arc for welding purposes are 
that it is under complete control, and t^t it is not 
liable to alter the carbon proportion of the steel 
being welded. The decomposition of water by 
electrolysis is obviously the most simple manner 
of securing the two gases, and the apparatus used 


does this effwtively at low cost. Two problems 
had to be solved in designing the apparatus — the 
selection of the best materm for the electrode 
plates and some manner of collecting the gases 
apart. The tank need is 6 ft. long and 18 in. deep, 
its sides being onlv in. apart. A vertical plate 
of iron is placed tne whole length of the thin tank 
so as to keep the gases apart as they are generated ; 
this plate has a reotangmar aperture so as to permit 
the flow of the electrolyte. The opraiing at top 
of the tank is closed with two rubW blocks, 
which rest between the centre plate and the sides. 
The sides of the tank are of iron and form the 
anode and cathode. To the water in the tank is 
added soda, which liberates sodium and hydrogen at 
the cathode side and oxygen at the anode side. The 
sodium, as soon as liberated, decomposes the water 
in its vicinity, thereby increasing the delivery of 
hydrogen at the cathode. Water is added con- 
tinuously by means of a pipe at the bottom of the 
tank and the gases are 1^ off separately from the 
top, passing ttoougb a 3 -ft. water seal, into the 
gas holders, where they are stored. In each gas- 
pipe a piece of platinum is kept red hot by electric 
current, and this provision removes any traces of 
oxygen from the hydrog^ and any hydrogen from 
the oxygen. At Messrs. Braby’s works the current is 
200 amperes at 70 volts, and passes through thirty 
vats in series. The blowpipe, where toe gases 
are burned, is a conical mixed jet pipe with a 
small brass nozzle. The work done with the 
oxy-hydrogen blowpipe includes the autogenous 
soldering of all kinds of sheet-iron work and general 
repair work of all kinds. The process is used for 
iron, steel, brass, copper and other metals. One 
metal may be fused to another by its means. 
Oxygen and hydrogen are used in toe apj^atus 
in toe proportion of one to six respectively, and 
M the decomposition process yields the two gases 
in the proportion of one to two, there is excm 
of oxygen, which is compressed into cylinders and 
sold for medical and other purposes. 

In autogenous soldering of iron and steel by 
the oxy-hydrogen or oxy-coal-gas, difficulty is 
experienced owing to the oxidation of the iron 
by the steam pr^uced in the flame. A French 
precaution to avoid this oxidation consists in the 
addition to the coal-gas or hydrogen of a hydro- 
carbon rich in carbon, substances such ns acetylene 
or the vapour of light petroleum being used. It 
is claimra that by this means the products of 
combustion contain less steam and more carbon 
dioxide ; also that the latter is partly dissociated with 
formation of carbon monoxide, which has a reducing 
action, and thus prevents oxidation of toe iron. 

Ozy ■ acetylene Welding. The use of 
Oxygen and acetylene in a special blowpipe for 
supplying the heat necessary in autogenous welding 
is a recent development ana has many advantages. 
Pioneers in the manufacture of apparatus for 
this work are the Thom and Hodcfle Acetylene 
Company, of London. The oxygen is contained 
in a cylinder, where it has been compressed to 
120 atmospheres. The acetylene is generated in 
an "’incanto” generator, and after passing through 
a purifying apparatus is led into a gas-holder, 
where it is retained under a pressure of 6 in. of 
water. With the oxy-aeetylene blowpipe it is 
found, in practice, that the best welding results 
are obtained by a mixture of 1 volume of acetylene 
with 17 volumes of oxygen. The flame |w^uced 
has in its centre a smaU white cone, at the apex of 
which the temperature is about 6,300* F. This 
flame oonsisto almost entirely of oarbon monoxide, 
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is being eonrerted at ibi extremity Into 
earboa dioxide^ Round tbe dame is a relatively 
eooi jacket of hydrogen, which, not being able to 
combine with oxygen at the very high temperature 
In the immediate neighbourhood of the flame, 
remains temporarily in the free state, and thus 
protects the inner xone from loss of heal while 
excluding the possibUity of oxidation, which is a 
difficulty other methods of welding have to contend 
with. 

The heat, in addition to being greater than that 
obtained by any other blowpipe system, is also 
more concentraM. The gases, are mixed in the 
injector chamber before they issue from the nozcle 
of the Uowpipe. Work with this blowpipe is 
rapid. A gooa workman can make a weld of 15 ft. 
per hour, working on a j^-in. steel plate, or of 6 in. 
per hour on a }-in. steel plate. Oxy-acetylene 
autogenous welding has been successmuy applied 
to a wide variety of work, such as cycle parts, 
welded boilers, steel safes, tanks, tubm, and all 
classes of copper work. 

Alumlttothermy. The introduction of 
ainminotbermy in the process of welding or auto> 
genous soldermg a few years ago attracted more 
attention than any other process in the same 
department of industry for many decades. It 
ranks in importance with electric welding, and 
is much wider in its application. A brief intro- 
duction is necessary to enable the basic principle 
of the process to be understood. All chemical 
reactions are accompanied by the absorption or 
the liberation of heat. Mix sulphuric acid and water 
and observe that considerable beat is evolved; 
indeed, the heat may be so great as to cause an 
explosion, and it is much safer to add the sulphiurio 
acid gradually to the water. The manufacture 
of aluminium from the oxide demands great heat 
and the commercially successful process of making 
aluminium is by the electric furnace [see page 59fl9j. 
This heat, or a great part of it, is absoroed by the 
metal, and becomes latent b^t, which may be 
given off again if the proper method of causing 
this liberation of heat is Imown. It was the dis- 
covery of the method of achieving this end that 
brought aluminothemiy into the realm of everyday 
industrial processes. 

Oxide of aluminium Is formed with very great heat, 
but the oxidation of aluminium at ordinary tempera- 
tures is negligible. If. however, the oxidation is 
started at a sufficiently high temperature, it will 
proceed rapidly until the whole mass of metal is 
reached. This reaction depends upon the fact 
that aluminium gives out ve^ great heat as it com- 
bines with oxygen, for which its affinity is very 
great So great is this affinity that the metal 
w'ill I educe all other metallic oxides to their metals. 

Thermit. In practice, the material used in 
aiuminothermy is a compound sold under the 
proprietary name of thermity and is made and sold 
by Thermit, Ltd., of London. 

It is a compound of finely divided aluminium 
and a metallic oxide, usually oxide of iron. The 
heat evolved is so great — it exceeds even that of the 
electric arc — that special crucibles and special 
methods are necessary in the practice of aiumino- 
thermy. The crucible usually has the shape of an 
invert^ cone, and is made of iron sheet with a 
magnesia lining, and a sheet-iron hood^ which pre- 
vents sputtering during the reaction. The bottom 
—that is, the apex of the inverted cone— has around 
hole into which is fitted a tapping bar, which is 
merely a short iron rod. Above mis tapping bar 
is placed a sheet-iron disc made to fit the Imttom 


of the oraetUe, and above thediso la plaoedr a 
of asbestoa with some flreproof material tamjm 
in above it. 

. The thermit is plao^ in the oruoildb, into which 
the tapping bar has bem fitted as desoribed, and 
tbe mass is ignited, by the use of a special ignition 
powder. Then the reaction begins, and proems 
rapidly until the aluminium Is bmmed to aluminium 
oxide, and the iron' remains in the pure state, 
being in reality a very low carbon steel, usually 
with about *1 per cent, of carbon. Then the 
reaction subsides, and with a rod the tapping bar 
is didodged upwards and, pushed into the intensely 
hot body of molten iron, where it is instantly re- 
duced and incorporated. The mass flows out 
through the tapping hole into the mould prepared 
for it^ where it setUes upon the surfaces it is desired 
to weld or unite. 

Usm of Thermit. The most fi«quent use 
to which thermit has been put is in the weldinir 
of tramway rails. It welds rail end to rail end 
80 that the whde rail system pf a tramway ser- 
vice may be welded into one entire length of 
rail. It is possible to follow this practice for tram- 
way rafls wnere the rails are bound into position 
by paving blocks, but for the permanent wav 
of our raflways, where the rails have no suon 
binding, weldmg is impracticable on account of 
the b<mdmg that would ensue when the rails were 
elongated by heat. 

There are many other uses for thermit They 
lie chiefly in foundry practice, for burning castings 
together or for renewing faulty parts of costing^ 
In marine repair work the process has saved many 
thousands of pounds, as by its means a shaft or 
other piece of marine engine mechanism may be 
repair^ at once, and so enable the vessel to put to 
sea, or proceed without the delay that would be 
caused by the older method of making a duplicate 
part. 

Crucibles and Moulds. Several other 
considerations may be mentioned before we leave 
the subject of thermit welding. The crucible 
we have described is tapped &om tbe bottom 
by tbe method described The use of such a 
crucible is imperative, because lip pouring is im- 
possible. The slag which forms upon the top 
adheres to anythii^ which it may touch, and if a 
little slag entered with the poured metal it would 
prevent proper adhesion ana sjMil the work. The 
mould must oe mode so that the nrst part of the metal 
will run to waste, heating the parts to be united be- 
fore it does so. Also &e moulds must be made 
as for high-grade steel castings, and the faces finished 
with a waw of silica, or of silica and plumbago. 
They must be thoroughly dried, and slowly heated 
to m heat so as to make them quite fm from 
moisture. The thermit must not be poured at 
too high a temperature. It is usual to allow 
the heat to subside a little after the reaction has 
ceased, and it is also customary to throw into the 
crucible some soft steel punchings and to permit 
these to melt before tappmg. 

We have described only a small port of the 
field in which thermit is used. For the rest we 
must be content with mentiontng a few of its ap- 
plications without detafled description. In steel 
castings, thermit may be placed in tne riser, the heat 
of the molten steel being sufficient to ignite it. It 
raises the temperature of tbe pouring, enabling 
smaller rism Id be used, and k^ing them open 
Icmgw. The same process Is sometimes used for 
cast iron, but as the heat of cast Iron is not hmh 
miough to start the reaction, some ignition powtunr 


mutt be "pteoed efong iRrlth the thenuit. It is 
iQso introdtioed int6^ ste^ oastbiM to prevent 

piping — ^thet is, the formation of a Istm shrink 
hm near the top of the oastins. In sn^ a case 
the thermit is introduced just before the casting 
becomes solid ; it makes the steel more fluid again, 
and permits the gas to escape befcne final solidifi- 
cation. 

BlnctHc Waldiag. The piooess of electric 
welding permits welding tabe applied to the union 
of many metals which could not be united by the 
ordinary process of wridmg as already described. 
Given the jproper appliances, the oration of 
electric welding does not require the hi^ skill bom 
of long praottoe that ordinary welding demands. 
The intelligence has been put into the maobine, and 
man's p^ becomes to an equivalent extent mecha- 
nical. The work is secured in clamps, through w^iich 
the current passes, the surfaces to be joined being 
cmposed to each other. ^ As at the p<^t of contact 
there is more resistance than there is through the 
solid ntotal, heatii^ takes place, and as the metal 
becomes soft the clamps are made to exert pressure 
towards each other, the weld is made by this 
pressure. The Thomson process of electric welding 
is that usually followed, and the makers of the 
machines for this process are the Electric Welding 
Company, Ltd., of London. 

In electric welding it is desirable that there should 
be a good deal of work of one class, because the 
machines are limited in the scope for which they 
are fitted. The power required to raise the metal 
to welding heat is very great during the time it is 
called into action, and the machine^ are naded 
by the cross 8ecti<mal areas they can undertake 
and the horse-power of the generator. Thus only 
work of approximately the same sectional area 
is suitable for one machine. Angle iron could 
not be welded on a machine for wire, for instance. 

Sometimes the electric currents used are as 
high as 60,000 amperes; but the electromotive 
force is only half a volt, so that little danger attaches 
to their use. Alternating-current generators are 
used, and if a direct current only to available a 
motro alternator must be installed. 

The weld begins in the centre and extends to- 
wards the surface as the temperature rises. The 
resistance of the hot metal, being higher than that 
of the cold metal, draws the heat to the desired 
parts. When the welding heat has been reached, 
the ends are pressed together as alreadv stated. 
The pressure is given either by manual or hydraulic 
power. The machines have been developed very 
much in the direction of making them automatic. 

Value of Bloctric Welding. The quality 
of the work done by electric welding is more 
likely to be excellent than work performed 
. by hand welding. From the point of view of 
economy, the former has evervthins in its favour 
when output is large. Its sphere, liowever, does 
not lie in small or in general work, but in repetition 
work. The economy secured by electric welding 
is caused largely by the absence of special prepara- 
tion of the work — such as sloping, upsetting, and 
splitting — which often make a union demanding 
a somewhat lengthy drawing out and finishing. 
Work for which electric welding is specially uuitm 
includes chain manufacture, cycle components, 
carriaTO work, and tools such as axes, where the poll 
of mim steel is electrically welded to a tool steel 
edge. Tho speed with which the work can be 
carried out is surprising. Tests made show that 
iron and steel pleM of 4-in. sectional area can be 
welded in 90 ieooods with a horse-power expendi- 


ture of and a oop^r wrid of l-im sectional 
area takes 28 seconds, with almost the same heme- 
power expenditure. An additional value of the 
orooeas lire in the fact that dissimilar metals can 
be united by its agency. Iron, wrought or oast, 
can be welded to zinc or copper, for instance. 

Soft Soldering* Soft solders melt at com- 
paratively low temj^atures. It is possible to use 
them with nearly idl metals. In the operation of 
soldering there are three necessities : the means ci 
applying the heat sufficient to fuse the solder, the 
solder itself, and the flux, which enables the solder 
to associate itself intimately with the metal to 
metals to which it i» applied. The further apart the 
melting TOints, the hardness, and the maUeability 
of the solder and of the metals being soldered are, 
the weaker is the union. .Thus, a soft soldered 
joint in iron, brass and copper is always com- 
paratively weak. It may have some strength if 
the metals joined by soldering are comparatively 
thin, BO that they can bend under any stress to 
which the joint may be subjected, thereby relieving 
the solder of the duty4i^f resistance; but if the 
metals be heavy and inflexible a blow or other act 
of violence may cause disruption of the union. Soft 
solder, again, having properties not far removed 
from those of tin and lead, makes a strong union 
with these metaJs, which, when soft solder^, may 
,be hammered and woriLed with comparative 
freedom. This point has mqph to do with deciding 
the method of soldering to be adopted in any 
particular case. 

In soft soldering the usual way of applying 
the heat is by means of the tool known as the 
soldering iron, soldering hell or soldering bit [see 
page 6080]. This tool is a short, square bar of 
solid copper drawn to a point and mounted on 
an iron rod, which is provided with a handle. 
Its point must be covered with tin before being 
used. To tin it, it is heated in a stove or fire of 
any sort until it is dull red ; it is then filed 
slightly BO as to clean the point, and is rubbed 
first against a piece of sal ammoniac and then upon 
some solder placed upon a copper or tin plate. 
It is then ready for use. In the actual operation of 
soft soldering the surfaces to be united are first 
cleaned if necessary — diluted hydrochloric acid 
applied with a brush or cloth is usually employed — 
tnen the flux is applied to the surfaces, and finally, 
the hot soldering hit, alter being rubbed against 
the solder so as to take on a small quantity, is 
rubbed over the flux and the joint is made. The 
flux and the solder may vary in composition aiui 
depend upon the nature of the metals behig soldered. 
We shall consider them presently. 

Soft soldering is often done by means of a blow- 
pipe instead of a soldering bolt, particularly by 
gasfitters and pewterers. A plumber's soldering 
lamp may be used, or expert workmen may 
bum some rushes or wood chips aroimd where the 
joint is to be made, directing the flame bv means 
of a blowpipe. The flux is, of course, used as with 
the soldering bolt. Qasfitters use a solder rich in 
tin and aiiux made of oil and resin mixed in equal 
proportions. Pevrierers use a solder containiim 
bismuth, which is more easily fused than most soft 
seders, imd as flux they employ Gallipoli oil, 
which is a green olive oil 

Soft ^Idero* The most commonly used 
soft solder consists of one part of lead to two parts 
of tin. " Plumbers* sealed solder," so-called, is two 
parts of lead to one part d tin, and is fusible at a 
oonsiderably lower siting point [see page 5987]. 
The solder consisting only of lead and tin, and 
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luiTiiig the lowest fusibility contains three piirtB ol 
tin to two parts o! lead. A more fusible solder oan 
be made, however, by mtroduoing bismuth; By 
inoreas^ the peroentaffe ol lead and deoreasing 
the percentage of tin the solder becomes cheaper. 
Bismuth adds considerably to the cost of a solder. 

The composition first mentioned — ^two of tin 
to one d lead — ^is used for lead and tin pipes, 
Britannia metal, copper, brass and other copper 
alloys, and iron and steel The flux used may vary 
with different metals, and we shall consider this 
point in discussing fluxes. 

It cannot be alleged that there is uniformity in 
theoompositioa of solders for various metals, many 
malurs having preferences for formulas that others 
find unsuitable. Different experiences give different 
results as the strength and nature of the fluxes used 
differ. But in spite of this the following table, which 
shows solder compositions used in many shops, may 
not be without value. To avoid repetition we in- 
clude hard solders in the table [see also next page]. 


In this table the solders of which borax is given 
as the flux are hard solders, and those of which 
resin or chloride of zinc is the flux are soft solders. 

Manufacturing Soft Solder. Soft solder 
should be made in a porcelain or stone vessel, 
because in an iron pot the solder may absorb some 
of the iron. First melt the tin and then add 
the lead gradually in small pieces, stirring with a 
wooden stick. When the whole is fused and 
thoroughly mixed the alloy is poured into moulds, 
usually short bars about 8 in. long, from i in. to 
1 in. broad, and from } in. to } in. thick. Suitable 
moulds may be made by taking a mass of clay, 
beating its top flat and pressing into it in various 
places a stick of solder, thus making depressions 
into which the new solder may be run. 

Fluxes. Bolderii^ fluxes are numerous. The 
plumW uses both resin and chloride of zinc. For 
electrical work chloride of zinc is frequetitly for- 
bidden, but is still used to a fair extent. For the 
meat canning industries, also, chloride of zinc is 
suppoMd to be harmful but is still greatly used, 
sometimes unknown to those who use it and who 
pu^hase chloride of zinc solution under a pro- 
{Mietary name. To make chloride of zinc solutimi. 


or /tilled spirits, as it is oislled, diiuolve ihxo in hydro- 
ohlodo acid, or spirit of salt, asit iscommonly termed, 
putting in more zinc than the add will dissolve, so 
that the solution may be saiorated. The ebullition 
mav be too violent with' pure hydroohlorio acid, 
and water up to two parts to one part of acid may 
be added. The zinc should lie in the acid for at 
least twenty-four hours, when any excess of zinc 
may be removed, and the soldering liquid is ready, 
it is bad to use scrap zinc as it may contain iron, 
which is deleterious, and scrap zinc is dways dirty. 
The solutimi may be filter with advanta^. 
S(»netimes other substances, such as sal ammoniac 
or glycerin, are added in small moportions and are 
held to improve the fluid. Ibis flux will suit 
nearly every purpose. For iron it requires to be 
stronger and may be used without water. For 
soldering galvanised iron — ^an extremely difficult 
operation and not a pleasant one — this flux 
would cause adhesion only to the zinc coating, and, 
^erefore, raw spirit — that is, pure hydrochlorio 
acid — is used to remove the zinc, 
after which the above mentioned 
solution may be used to solder to 
the iron. Tallow and other oils and 
fats are used to a fair extent as 
fluxes. Lard oil is used to solder 
aluminium with fair success, but the 
soldering of aluminium is a difficult 
matter, which we shall consider 
separately. Gallipoli oil is used by 
pewterers, as already mentioned. 

For copper and sheet irem a flux 
frequently employed is powdered 
sal-ammoniac or an aqueous solu- 
tion of it, followed bv resin. Some- 
times the powdered sal-ammoniac 
and resin are mixed before applica- 
tion. It is extremely difficult to 
solder zinc as it removes the tin 
from the soldering bit very quickly, 
making frequent retinning necessary. 

Before passing from the subject 
of fluxes we may notice a few that 
are put forward as having specific 
merit, although they give no {vomise 
of deposing chloride of zinc as the 
all but universal flux. The pro- 
prietary fluxes sold under fancy 
names we leave alone; they are almost without 
exception solution of chloride of zinc prepared as 
we have described above. 

A soldering paste is made by mixing chloride of 
tin with starch paste. A soldering fat is prepared 
by heating two parts each of olive oil and tallow 
and by aading one part of powdered colophony: 
th^, after the mixture has been stirred and has 
boiled up and cooled, one port of a saturated aqueous 
solution of sal ammoniac is added. Phosphoric acid 
in solution with water or spirit is also used. 

Soldering Without m Bit. By careful 
manipulation the operation cd soft soldering may 
be performed without a soldering bit. A lamp or 
gas jet may be used to make the surfaces hot, the 
flux is then applied, followed by the solder, and 
with skill a successful joint is achieved. If two 
pieces of brass or copper be filed to fit each other, 
covered with a soldering fluid, and have a piece of 
tinfoil interposed, thereafter being heaM over 
a gas jet or fire, a union will result, the tiofoil 
fusing and joiniiig the two surfaces. 

Hard ^Id^ng. Hard soldering is the 
process of joining two metals or two pieces of the 
same metal by a solder that has ahhost as high a 
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melting, point bm. snuetajs joined. The tarm 
ie generally applied to thw kind of aoldering. 
liie Mt )of (the ;oopper eoldedng hit need in soft 
•oldediis is not solRoient loir bard eoldermgt 
The work is eoinetiifteB done in an open fire eu& 
ae a smithes foroe, but the usual process is to raise 
the heat by a olowj^pe, using gas as a fnd and 
appljdnff the. blast either by apower-driyen fan or 
by hand or foot bellows. The most usual and 
conyenient way» especially in small shops, is by the 
use of a braaing forge with pedal bellows. The 
workman can t&n use both hands in controlling 
the application of the heat. Sometimes the 
bellows ore replaced by a rotaj^ fan for supplying 
the air blast and either method is satisfactory.. 

Sometimes, again, a plumber's lamp may be 
used, but is not so satisfactory, as the heat 
cannot be raised so high as with gas, and good 
work is not so oertaln. Some lar^ firms — such 
as. cjrole manufacturers — ^who haye much and con- 
stant bracing woric of one olass, haye the hard 
solder in a molten hath and dip the wodk into this 
bath. This {urooess is unsurpassed for the quality 
of work produced, but it neoe^tatee more finishing 
than is re<niired by the blowpipe method, as the 
molten solder adheres to a laim area of the work 
than is necessary to make the braced or hard- 
soldered joint. 

Hard Solders. In the table already myen 
appear some recipes for hard solders. Such seders 
are, for conyenience, divided into three classes — 
brass eolders, which are used with steel, iron, and 
oopper; argentan solder, used for German silver; and 
gold and silver solders used for these metals. Ihecom- 
mon compoaitkm of solderaof the first class is 8 parts 
of brass to 1 part of cine. Refractoriness is increased 
lowering the proportion of brass and adding tin. 
Inus, a composition with 6 parts of brass and 1 part 
each of tin and cino is much used where a more 
refractory solder is desired, and this may be made 
still more refractory by adding 1 part of copper. 
By inoreaakxg the tin, the ductility decreases and 
the colour ten^ to grey. For work where the joint 
has to withstand bending stress, a high mreentage 
of tin is to be avoided, as it causes brittleness. 

MatUnji Hard Solders. In making hard 
solders it is advisable to use brass instead of its 
constituent metals-^cinc and oopper — because the 
loss of cino when fusing the metals separately is 
uncertain, and because by using brass already made 
this loss is minimised very much. Sheet brass is 
better than cast brass as an ingredient in hard solder, 
because the rolling has impart to it a higher degree 
of homogeneity than is possessed by cast brass. 

First melt the brass at a strong heat, and in 
another cnioiblo melt the cino that u being added 
as such, also at a strong heat. Pour the molten 
cino into the molten bi ass and stir the mixture welL 
Then the solder is ready to be poured, and there are 
several ways of doing this, the object of all being to 
obtain a fine granular product suitable for soldering. 
Bometimes the molten alloy is poured through a 
wet broom into cold water, this separating the metal 
into the granular particles desired. A better method 
requires a cistern placed so as to give a good head 
of water, and an orifioe that projrets a stream of 
water hc^ontally over a water-tank. The molten 
alloy is poured on to this horicontal jet of water, 
which divides it, and the grains fall to the bottom 
of the tank, wlmce they must be taken and dried 
before they have rime to oxidiae. By varying the 
strength of the ^ater jet and of the metal- pouring, 
it is possible W this method to make grains 
approximately 'Orany desired sice. 


Areentan tedder is used for German silver, and 
alsomsteel and otto wcwk, the joints of which are 
required to be very solid. A readily fusible argentan 
solder is made of oopper 36 parts, cine 67 parts, and 
nickel 8 parts. A mme refractory comporitioa 
oontrins oopper 88 parts, cine 60 parts, and nickel 
12 parts (Braimt). A general rule is riiat the higher 
the percentage of nickel in the German sUver tobe 
soldered, the higher is the proportion nickel in the 
solder. The composition is cast in thin plates, 
which are bredeen and beaten in a heated iron mortar, 
so as to make them into a powder. If it is found to 
powder easily, it has too much cino, and if the opera- 
tion is too difficult, it is deficient in that metal; 
if it shows either fault, it must be remelted and the 
fault remedied. 

Gold and silver solders are used chiefly for 
soldering these metals, but are also used for articles 
to be enamelled, for tocmee, oast»iron, etc., but on 
account of their expense their use is naturally 
limited to work of a high-class nature. A few recipes 
for these have been ^ven [see also page 5857]. 

FIuzm for Hard Solders. The most 
generally used flux for hard solders is borax. The 
purpose of the flux is to remove the layer of oxide 
uprni the surfaces it is desired to solder, and borax 
is the best all-round agent for this. It effects its 
purpose by reason of the excess of boracic acid which 
it contains dissolving the layer of oxide. For 
higher temperatures, finely jMwdered glass of a 
fusible nature may be used. For soldering copper, 
phosphate eff soda or phosphate of ammonia may 
be employed. Quartz sand mixed with decomposed 
soda, or, for very high temperatures quartz sand 
alone, is satisfactory. For coarse work, turpentine 
or olive oil mixed with sal ammoniac is a goM flux. 
A solution of carbonate of ammonia (saturated) is 
used for brass. A liquid flux, known as hard adder- 
ing fluid, is made by dissolving phosphoric acid in 
aloonoL Many other fluxes are employed with 
satisfactory results, preference attaching universally 
to no x)artiou]ar agent, even for the same metals. 
It is liurgely a matter of experience and individual 
liking. 

Soldoring Iron and Steel. All metals > 
are not equally satisfactory under treatment by. 
the ordinary processes of soldering, and speciu; 
measures are often required. We shall review 
the best processes of treating such metals. 

Cast iron is frequently considered unsatisfactory 
imder any process of soldering, but it is not so. It I 
is frequently desirable to solder cast iron, especially 
in altering cast-iron foundiy patterns. For this- 
purpose, soft soldering imparts all the strength: 
necessary. The surfaces to be soldered must be 
polished bright. Then dip the surfaces into potash 
water, and upon withdrawal dip into clean water, 
after^ which apply quickly undiluted hydrochloric; 
aoidr Then sprinkle with powdered resin and solder 
with the bit in the usual way, using any soft solder, 
but for preference one made of equal parts of tin 
and lead. The operation must be peif onned quickly : 
bdore the surfaces have time to dry. A more 
refractory soldered joint may be made with iron 
or steel, by using oopper or brass as the soldering^ 
medium. The surfades are first, filed or polished' 
bright, and are tied into position with wire. Then 
upon the joint place a thin strip of oopper or bress. 
Cover the whole with a good lay^ of elav containing 
no sand, and place it near a fire that the clay mayt 
dry. Then put the part to be soldered under the! 
blow^pe and raise it to white beat. This causes! 
the olav to vitrify, thereby forming a flux. If riie! 
metal being soldered is iron, it is cooled in water, 
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but if Bteel» it ia allowed to cool slowly. Then the 
clay is removed and the joint has only tobeoletoed. 
l^en the spldediiff medium is a oop]^ strip, it 
requires a stronger neat than a Ixass strip, and the 
latter is therefore more frequently used for soldering 
steel For small pieces of iron, a silver solder — 
equal parts of silver and s<rft brass — ^may be used ; 
it is used as foil, and, after annealing, is placed 
upon the surfaces to be soldered, bmraz be^ 
used as the flux, and the heat being applied with 
the blowpipe. 

A short time ago some tests of hard solders on 
steel and iron were made at the National Phvsical 
Laboratoi^. Of five solders experimented with, the 
best was found to have the composition*— copper, 
63*19 per cent; zinc, 36*31 per cent.; and lead, 
*65 per cent. A conclusion drawn from the tests 
was that the quality of solder improves with the 
copper peroenta^. The solder that stood the tests 
most sati^actorily had the highest proportion of 
copper, and was as stated above. At what point 
the improvement of quality ceases by increasing the 
copper — ^for, of course, there is such a point — was 
not determined. 

A German patent (£. Herzog, 6th May, 1902) 
makes a soldering paste for cast iron by mixing pure 
steel or iron powder, free from oxides of iron, with 
stearin or paraffin oil, borax, and camphor. A 
suitable mixture is steel or iron powder 80 — 120 ; 
paraffin oil 10 — 30 ; borax 30 — 60 ; camphcw 1 — 4, 
The parts to be joined are well cleaned, coated with 
the solderinff paste, and after addition of borax and 
solder are heated to redness, usually under the 
blowpipe. 

The work of soldering or brazing saws is a common 
operation with saw doctors, and it is essential with 
band-saws, file the two ends to be joined smooth 
and taperiw so that one overlaps the other some 
distance. Tie the ends together with wire, so that 
t^y will retain their proj^ position during the 
operation. Apply to the joint some borax, reduced 
to a cream by rubbing it with water on a slate. 
Now sprinkle some brazing spelter over the joint and 
apply the blowpipe heat, until it is seen that the 
spelter has run into the lap. Allow the work to 
cool gradually, and finish by filing. 

Soldering Zinc* Braes, and SilTor. In 

soldering zinc and galvanised iron, the soldering 
bit must be kept very hot, and the fiux used is 
hydrochlmic acid, un^luted, or diluted with only 
one third of its volume of water. 

The soldering of brass is made more easy if the 
surface has been previously tinned. This is easily 
done. OleMi the surface, apply borax paste, 
prepared as already indicated, and place upon this 
a jnece of tinfoil Heat until the tinfoil fuses and 
runs over the surface. The solder adheres 
uniformly and tenaciously to surfaces treated thus. 
A good solder for brass is a soft S]^lter— commonly 
caUcd Bath metal solder — consisting of 21 parts of 
copper to 79 parts of zinc. 

Brass and steel may be soldered together by first 
coating the steel with a solution of sulphate of 
copjier, and then by soldering the two surfaces in 
the usual manner. 

Silver is soldered with an alloy containing 19 parts 
of silver, 10 of brass, and 1 of copper. This is 
reduced to granular form by the nrooess already 
described, or if for fine W'ork is maae into powders 


by filing it. The flux used is borax, which should 
be rubM with water upem a slate or hard stone, so 
as to make a dream, which is applied to the two 
surfaces with a Wsb. The pomm^ solder is 
then applied between the pidoes, and the wmrk is 
laid upon a charcoal block, where the heat is applied 
with the blowpipe. When the union is made, an 
immersion in pickle removes the excess of borax, 
and the work is finished. 

Solderiag Aluminium. A fortune lies 
at the feet of any man who can find a simple and 
efficient method of soldering aluminium. Many 
attempts have been made, and workers in alu- 
minium have had their hopes raised many times 
that themblem had been solved, only to be dashed 
aga^ No economical process of soldering alu- 
minium has been proved to be permanently 
successful [see also page 5991]. The film that 
always lies on the sunaoe of aluminium is an 
oxide that forms immediately the metal is ex- 
posed to the air. The oxide can, of course, be 
removed by filing, but a new film of oxide forms 
instantlv upon the new surface created by the file. 
It has been found possible by ordinary soldering 
to make what appeared to be a satisfactory soldered 
joint with alummiium, but the lapse of a few months 
has always shown it to be otherwise, and the union 
has been found to be faulty. It is for this reason 
that commercial articles of aluminium are never, 
or almost never, sold with soldered joints. Usually 
the articles are cast or pressed and drawn from one 
piece of the metal, or if it is necessary to join one 
piece to another, or another metal to aluminium, 
riveting or screwing is the method employed. 
Still, we can indicate some of the solders used for 
aluminium when attempts are made to solder it. 
One solder is composed of 1 part of zinc to 4 parts 
of tin, and the flux recommended for it is made of 1 
part each of tin chloride and zinc chloride, and 8 
parts of stearic acid. Another worker professes to 
nave achieved success with lard oil as a flux. The 
aluminium is usually heated with a blowpipe, and 
kept hot during the operation. The copper soldering 
bit is said to dwcolour the aluminium, and a nickm 
soldering bit is recommended. Other solders for alu- 
minium contain that metAl as a constituent. Homer, 
in the ** Encyolopsedia of Practical Engineering.’ ' 
gives the following recipes for aluminium solders : 

1. Aluminium 2*38; zinc, 26*19; tin, 71*19; 
phosphorus, 0*24. 

2. Aluminium, 6 ; copper, 4^ ; zinc, 89^. 

3. Aluminium, 6 ; silver, 3 ; copper, 3 ; tin, 18 ; 
zinc, 9. 

4. Bismuth, 6 ; tin, 94. 

Soldering Metal to Glaaa Glass may 
be soldered to metal by first coating the former 
with lead or with amalgam. The glass to be 
coated with lead is coated on one side with chalk 
and water, and after drjring is placed clean side 
up, and fixed down in a special cast-iron tray, 
which is then placed in mu£de surfaces and beaM 
until the glass is at about 650*’ F., just above the 
melting point of lead. Then molten lead is poured 
over so as to cover the glass, and the tray is oscillated 
for some time. Then the lead is allowed to rim off. 
and leaves a layer upon the exposed surface of the 
glass. This process is used in the manufacture of 
glass buttons, in order to allow the stems to ba 
soldered to them. 
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A BRXAL oonduotors haTe» broadly apeaking, two 
^ principal advantagea over toe underground 
method of oonatruotion — namely, low cost and, 
owing to the small eleotrostatio capacity, high 
^ ' eleotrioal conductors; but wlelae are 


frequently outweighed by other factors, which lead 
to the substitution of subterranean routes. 


In luge cities, overhead routes are generally 
unobtainable; moreover, when some dwee of 
conducting effioienoy can be sacrificed, and where 
the numbw of conductors is large, the underground 
extern mav be found to be cheaper, especially when 
the cost of subsequent maintenance is taken into 
account. Maintenance, which is heavy in the case 
of aerial wires, mi^, by ffood first oonstruotion, be 
reduced to insignificant dimensions in the case of 
underground work. ' Untfl about the end of the last 
century wires insulated by a covering of gutta* 
percha were almost invariably used. These were 
placed in iron pi|m of 2 in. or 3 in. diameter, with 
]oint boxes at suitable intervals. When telephone 
circuits were concerned, the wires were made up in 
fours twisted together to form a ** quad ” cable. A 
2-in. pipe could take seven, and a 3-in. pipe nineteen 
of su^ quad cables, and as they could not be drawn 
in ov^ each other it was necessary either to fill 
the pipe at one operation, or in cases where this 
had not been done, to draw out one lot before 
pulling in another. 

Th^ G.P. wires had conductors 6i 40 lb. copper 
insulated with 50 lb. of ratta-peroha to a diameter 
of 174 mils (the mil is hi>)f ^d not more than 
eighty wires wore ever pulled into a 3-in. pipe. 


lengthwise under every, alternate line of ducts. 
Theee are 2i in. by 2} in. by } in. thic^ and they 
are emploj^ to resist the vertical displacement 
stress. Wnen the concrete has set, the layers of 
ducts are put down, bedded in cement mortis. As 
in the case of succeeding lines of brickwork, the 
ducts are arranged so that the joints in one line do 
not coincide with those in adjacent lines. 

To facilitate jointing, wooden mandrels are used, 
11 in. long and 34 in. diameter. When a joint is being 
made, the mandrel is arranged so that one-half of 
it is in each of the abutting ducts. A strip of pre- 
pared calico, which has been soaked in ozokerit, to 
make it adh^ive, and which is 20 in. long by 4^in. 
wide, is then wrapped tightly round the joint. The 
mandrel is then drawn forward. Such joints can be 
made rapidly, and a train of a dozen mandrels is 
usually employed. Of course, it is absolutely 
essential that the ducts shall not be deflected during 
the subsequent operations, and once the cement 
mortar has set the permanence of the whole system 
is assured. When all the ducts required are in 
position, concrete is added to the sides and top, and 
the roadway filled in and reinstated. 

Manholes* At intervals of 150 yd. to 180 yd. 
manholes are provided to house the joints. If pos- 
sible, the lection of thoroughfares is chosen as the 
position. These roadway mai^oles [88] have to be of 
substantial construction, a need which is emphasised 
in these days of heavy motor traffic. The minimum 
dimensions are : length 4 ft., width 4 ft., height 
4ft. 6 in., and those are increased as required, a 
very common type being 8 ft by 7 ft. 1^ 5 ft 6 in. 


say that the present highly develop^ underground 
telephone systems would have been impossible with- 
out it In this form of cable the wires are wrapped 
in paper, but the real insxQator is dry air. The 
electrostatic cap^ity is one-fourth that of gutta- 
percha cables, ^e paper-covered wires are enclosed 
in a tube of lead, but the economy of space is such 
that a 3-in. iron pipe will accommodate a lead- 
covered cable Containing 182 40-lb. conductors, 
as compared with the eighty gutta-percha-covered 
wires already mentioned. 

Post Office London Underground 
System* It is mobable that a description of the 
methods adopted oy the Post Office in fayine down 
their huge underground system will best enaole the 
student to comprehend this subject. Beginning 
at the exchange, we have first the main conduit 
routes. These are laid wlong the centre of the main 
thoroughfares, and contain ducts varying from 
six up to any required number. 

Earthenware Duote* The ducts are made 
of earthenware, ' 18 in. and 24 in. in length, with 
internal circular section 3} in. diameter, and external 
hexagonal section 4} in. diameter. In bnfldlng a 
duct route, the moxmd is first excavated, and, if 
neoesssfy, shored up ; a 6-in. concrete foundation 
» then laid, having embedded in it T*irons laid 
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the thickness at the sides extended downwards to 
9 In. to form footings for the walls, which are of 14-in. 
brickwo^ An earthplate of 6-lb. lead, 6 ft. long by 
1 ft broad, is laid imder the concrete, to be suose- 
quently connected to every cable sheath by a 1-in. 
strip of lead, which is taken up the inner wdl of the 
manhole. Provision is also made for the subsequent 
drawing in operations by embedding in the concrete 
in each comer heavy wrought-iron ring-bolts, with 
large anchor plates bolted on below me concrete. 
When^ the concrete has set, the walk are built. 
Galvanised iron footsteps are built into the comer, 
above which the entrance is to be placed, and when 
nearing the roof-line, the stone templates which form 
supports for the roof joists are carefully set in 
position. The roof k as simple in oonstniction as it is! 
strong. The width of the manhole is bridged by 
rolled steel joists of 8 in. by 6 in. section. These, in' 
turn, are connected together, and to the walk at 
each side, by smaller rolkd steel joists (4 in. by 3 in.). 
Resting on these k placed a roofing of )-in. boiler 
plate. Above this comes 6 in. of concrete, and then 
a layer of asphalt. Above thk the road k made up 
In the ordin^ way, except at the entrance comer. 
Here a heavy cast-iron frame, 12 in. deep, is pro- 
vided, into which fits a similar lid, having its upper 
surface filled hi with wood Ifiooks set in pitch. The 
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ianer . watts of the manholee are oarefutty pointed^ 
and the floor oovered with a {-in. renderiiig of Port- 
land oem^t Figure 88 givea details of a iypical 
manhole. 

Distribution Fipoo. While it is neoeasaiy 
to hare the main routes in the roadway, the distribu- 
tion pipes must be as near to the shops and houses 
as possible, and they are, therefore, run along the 
footpaths. For this purpose, cast iron pipes are 
used. These are olassified aooor^Ung to their mtemal 
diameters, as 2-in., 3-in., or 4-in. The first-named 
are made in 6-ft lengths, others in 9-ft lengths, 
and the respeotive weights are 42 lb., 98 lb., and 
154 lb. A S-in. pipe placed on supports 5 ft ap^ 
will support a ton and a half, and a jointed pipe 
shnilarly tested will support a load exo^mg a ton. 
They are coated with Dr. Angus Smith’s composi- 
tion, which prevents rusting, and gives a daaed 
surface. Fi^re 84 illustrates such a pipe. The left 
end is called the spigot end, and the right end the 
socket end. Bends of convenient dimmisions are 


The olay is then removed, to be used s|^in, and the 
cooled lead tightly oaulked. A level bed having been 
prepared in the trench, smatti hole! are mime to 
receive the sockets, and the pipe# are lowered into 
position. One joint in every four has to be made 
m the trench. A No. 8 iron wire is threaded through 
the pipes length by lenuth as they are laid to be used 
in the drawing-in of we cable. , 

Under fair average conditions, a good gimg can 
lay 100 yd. in a day of 9} hours. Footway jointing 
chambers of various sixes are provided at intervals 
not exceeding 100 yd., but they are usually required 
at more frequent intervals for distribution pur- 
poses. Six sizes are in use, varying from double 
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also provided. In laying a line of distribution pipes 
great care has to be exercised in the choice or the 
route. Allowanoe must be made for existing 
sewer, electricity, hydraulic, and other mains, ann m 
many oases the existence of under-footway coal- 
cellars makes special difficulties. Very often the line 
nearest the house-line is found to be the best, because 
not only is it most economical for distribution, but, 
owing to the fall of the paving to the roadway, the 
distance from cellar top to paving is here at a 
maximum. Ten men form a convenient gang, and 
when the foreman has chalked out the route, the 
paving is taken up, ureat care being exercised to 
avoid breakages, a^ the stones (uriiere York or 
artificial stone is concerned) being laid so as to 
enable them to be returned to their original positions. 
While the first dozen yards of trench is being exca- 
vated the jointing of three lengths of pipe is in 
prcwress. For this purpose four blocks of wo^ with 
V-SK>ts in them, are set up at (for 3-in. pipes) 
distances of about 9 ft. The spigot end of the second 
pipe is fitted into the socket of the first, and so on 
with the third, but before being brought together, 
they are carefully gauged and examined to see 
that their interior sunaoes are in order. 

Into the annular space between the spigot and 


junction ” boxes 4 ft. 2 in. by 1 ft. 11 in. down to 
^’distribution** boxes, 1 ft. 2 in. by 8 in. A concrete 
floor with Portland cement rendering is rxrt%xnAt>A. 
an 

merely an von vame aesigneu w noia me iron uu, 
the top of which is filled in with stone. The connec- 
tion between the footway boxes and the subscribers* 
premises is made by a length of 1 in. pipe. The 
connection between the roadway manhole and each 
of the adjacent footway jimction boxes is in all 
cases made by three len^lis of pipe. 

Cmble System. Having disposed of the pij^, 
we may now consider the cables more fully. It Ims 
already been mentioned that a short leng^ of silk 
and cotton insulated cable connects the street 
cable to the main frame. This is for convenience of 
handling. The joint between the silk and cotton 
cable and the paper insulated cable is made solid 
by filling up the lead sleeve with molten insulating 
compound and allowing it to solidify. 

The main distribution cables are varied in type 
according to the purp^ in view. 

For serving subscribers near at hand, cables 
containing 1,212 wires of 10-lb. conductor are used. 
For the next ring, 750 or 606 wires of 12i-lb. conduc- 
tor, while for the 
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gmieral case the stan- 
dard cable is one of 
434 wires of 20 -lb. 
conductor. All these 


go into 3-in. or SJ^-in. 
pipes, so that the 
first - named enables 


us to imagine 606 
separate conversa- 
tions taking place 
through a 2f-in. 
diameter circular 


space. 

From the exchange 
basement the main 


socket a length of spun yam is inserted, being first 
wrapped round the spigot and then driven home by 
a caulking iron. Meantime, a roll of clay has bewi 
prepared by wetting uid rolling on a board, a«d this 
IS placed imder the pipe and round the mouth of tiie 
socket, the ends oeing brought up above and 
curved outwards, so as to leave an opening into which 
molten lead may be poured. The space between the 
^ fiUed with lead, 

which efficiently joints the two leng[ths of pipe. 
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cable runs through 
the ducts to the point where it is intemiptod or 
terminated in a cable distribution head [86]. This 
is a cast-iron box, octagonal in shape, fixM on a 
side wall of the manhole, and with eight holes for 
the insertion of gunmetiU unions. Through one of 
these the cable v led, the lead tube of the cable 
being ccmneoted to the gunmetal by a ** wiped** 
joint. From the otiier holes other cables are led 
away. Those to the distribution pipes are usually 
7-pnir cables, of half-inch diameter. One linhig 


aocomiiiodates 7*palr oabks, so thttt » 

217«p«ir Ddble <MUft be distributed tlirough two such 
linbi^ The tether subdiTision of the 7-palr 
cable Is effeeted-by double wLid and etu^ iciid 
joints, leierted to later. 

Mato Cudbllag* The drawmg-in of the cables 
Is known as eaitUng. In the case of main routes it 
is firrt necessary to tod the pipes. Sweeps’ rods with 
patent trigger joints, which prevent unscrewing in 
the pipes, are jointed length oy length and puwed 
throng the ducts. They are tlm used to pull 
through (a) a spun yam mop, (6) a oiroular brush, 
(e) a test piece of cable one yard 
in length, and (d) a 3 in. rope. 
a and b are used to clean the 
duct, s is examined to see if anv 
obstraotion may be anticipated, 
and d is to be used for dmwing 
intheoaide. The cable, which is 
mounted on a big wooden drum, 
may weigh from two to three 
tuns, and is brought to the man- 
hole on a low float. To enable 
the drum to be revolved a steel 
axle is passed through its centre, 
and it is elevated on a pair of 
screw jacks. At the other man- 
hole a winch has meanwhile 
been got into position, and the 
pulley rope bmug^t round a 
pulley block anohoM so as to be 
opposite the proper duct when 
the strain is appwkL When all 
is in readiness four men turn the 
winch handles and the caMe is 
fed in, turning off the drum and through a large arc 
of a circle into the duct A liberal dressing of petro- 
leum jelly is applied in order to facilitate its progress. 

S<^en«palr Cabling. Similar operations, 
but on a smaller scale, are carried out in connection 
with the distribution cables. There is, however, 
one special feature which in London has been 
extremely valuable. Seven-pair cables can be 
introduoM into pipes as required, the rods being 
introduced over the cables already in place. When 
the pipe is nearly full the ordinary 1-in. rods cannot 
be usra, and a |-in. steel-core rod is employed. 
Sometimes in long lengths it is desirable to use a 
few lengUis of ^in. rod, euid then, to obtain the 
necessary rigidity, a special reducing length is used 
to connect on the ordinary 1-in. rods. In this way as 
many as 20 7-pair cables can be placed in a 3-in. 
pipe, and in cases where the distance between 
boxes is small, 23 can be inserted. 

Cable Proceeding from the less 

to the greater, we will first describe the making of a 
joint between two lengths of 7-pair cable. The 
materials required are a lead sleeve 0 in. by | in., 
14 small paper sleeves for covering the conductor 
joints, some solder, some mixed resin and Russian 
tallow, lamp cotton, thread, and wrapping paper. 
Ever 3 rthing must be kept properly clean and dry, 
and to this end a Gothic tent is uaumly mounted over 
the joint box. The paper sleeves and wrapping 
paper are kept warm over a spirit lamp. The lead 
sleeve Is threaded on to one of the cables. 

From each cable end a 6-in. length of lead is 
removed, exposing the outerpaper wrapping, which 
Is out off ha£k to the lead. The seven pairs of wires, 
each with its Identi^ring coloured thread, are 
separated ; In each case thread being parefully 
looped round its proper pair* The arrangements' 
for identificatloa are so complete that when the 
Tbudfbokss condudedi 
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jointing has been done properly, a cable can 
be out into at any point and any required wire 
picked out. To achieve this the two wires forming a 
pair are wrapped one in red and one in wUte paper; 
these are the A and B wires respectively of the 
telephone pa^. Round the centre pair of wires 
there is a white thread. This is No. 1 of the seven 
pairs. No. 2 has a black thread. No. 3 blue. No. 4 ‘ 
green. No. 5 two threads, one and one black, 
Mo. 6 red and jidue, and No. 7 red and green. 
Without unrolling the paper the whites of No. 
pair are laid across each other at a point in. from 
the en^ the white thread from 
one side being ineluded. A 
few twists are made, and then 
the remainder of the paper is 
stripped off and the copper 
conductors twisted togetW 
for a length of an inch. The 
twisted joint is then laid 
parallel with the wires, and a 
paper sleeve, which has pre- 
viously been threaded on to one 
side, is brought over the copper 
joint. The other pairs are simi- 
larly treated, an expert jointer 
arranging that the joints are 
sta^em ” so as to reduce 
the maximum diameter. 

A wrapping of pap^ is then 
put over all ana tied down 
tightly with thread. The lead 
sleeve is now pulled over the 
conductors and set * up verti- 
cally so that one end may be 
soldered. A little wad of lamp cotton is first 
pushed in between the cable and the sleeve, 
some tallow and resin comes above this, and by 
means of a small spirit blow lamp the opening is 
neatly closed with solder. The other side is simi- 
larly dealt with. It should be stated that before 
making such a joint the lengths of cable are adjusted 
so that when completed the cable joint may be 
neatly trained round the box and fastened up ^ong 
the side on a supporting bracket Single solia joints 
are used to connect a 7-pair cable to seven separate 
1-pair cables. A special sleeve and a solid lead plug 
containing seven lei^hs of 1-pair cable are used. 
The method of jointing is similar to that described 
above, with the addition that the conductors are 
tipped with solder at the joint and that melted 
insulating compound is run into the sleeve, which is 
provided with a screw cap inlet. Double solid plugs 
connected by seven lengthB of 1-pair cable are pro- 
vided for connecting 1-pair cables to 7-pair cables 
at intermediate points. 

Cable Codee* To facilitate reference and 
identification every cable has code letters allotted 
to it. Junction cables have four letters ; main 
distribution cables, three letters ; and 7-pair cables 
bear the three-letter code of the main cable they 
spring from, plus one or more letters. Thus, the 
cirouits on Nos. 1 to 7 in main cable QBX become 
m the 7-pair cable QBX+A, Nos. 8 to 14 are in 
QBX -f B, and so on round the alphabet. 

The connecting up of subscribers takes place from 
the box outwards, am in a properly managed system 
plans are kept up to date, showing the position of 
every wire mth working and spare, and new sub- 
scribers are added without the slightest disturbance 
to those in existing cables, everytmng being planned 
out in the drawing office and complete detailed 
instructions issued to the workmen. 
foUowed by Slxotrio Cables 
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But, as the reader is surely aware, this word 
** matter,*’ whieh fills so large a place, ia the pages 
of Hteokel and his predecessors — and also, inde^, 
in the pages of philosophy generally— has lately 
suffered many strange experiences, and the upshot 
of thePi is no less than that the word matter ” 
has henceforth no reason or business to occur 
at aU in any philosophic controversv. We are 
compelled to believe, nowadays, that matter 
is merely a more or less transient manifestation 
of tl^t wider something which physicists now 
knowas energy, and the really important and vital 
thing is the new aspect which the old doctrine 
bears when it has l^n restated, as it must be. 

The Sad Betrayal of Materialiam. 
From the very first, materialism has had a mag- 
nificent advantage over all other philosophic 
systems. As the mind of man is constituted, 
there is nothing that breeds such conviction in it 
as the palpable and the tangible. The abstract, 
the invisible, the impalpable, is for most minds 
more or less of a fiction. It does not “ really ” 
exist in the sense that a marble or a grain of 
sand exists. There, at any rate, is something 
which you can touch, something that you can 
feel the very resistance of. It is real. Now, 
materialism is simply the doctrine which asserts, 
or used to assert, that this good, hard, palpable, 
tangible stuff which we call matter is the real real. 
It asks us to conceive, as we tliink we can so 
readily conceive, of evendhing in terms of tiny 
bricks or grains of sand moving about in one 
direction or another. The picture is simple and 
intelligible, and it makes an appeal to that par- 
ticular sense which, humble though it really be, 
has the privilege of endowing its information 
with a peculiar certainty — the sense of touch. 

Now the real value of the recent scientific study 
of matter lies in the curious transformation it has 
wrought in the plausibility of materialism. That 
poor doctrine has been cruelly betrayed in the 
liouse its friend. Uncritically examined, the 
conclusions of science seemed not so long ago to 
afford some sort of surface ground, at any rate, 
for this doctrine, which declares in effect that 
atoms are the only real thing and that mind is a 
mjdh. Upon that imperfect scientific conception 
materialism was built — any inquiry as to the 
nature of our knowledge of atoms being ignored. 

Materialiam a Phlloaophy Without 
Fouadatlona. But now, quite apart from any 
criticism of knowledge, materialism finds itself in 
the difficulty of feelmg its veiy foundations slip 
from under it — ^not into nothing, but into the 
intangible. There is, of course, something to which 
atoms correspond, something of which they are a 
manifestation ; but that something is intangible, 
and there’s the rub for materialism. Its age-long 
advantage of appealing to the sense of touch, in 
which we are apt to believe so heartily, has b^n 
taken away. However real a marble may feel 
to us, that j^uliar sense of reality can no longer 
be appealed to or utilised by the materialist. 
His tlieory is now on a level with other theories, 
and can make no special appeal to this biassed 
judge. For the marble, despite its convincing 
air of solidity, must yet be conceived by us, if we 
are to accept the verdict of science at all— as 
1a 16 


materialism constantly asserts that we must — 
in terms not of hard atoms as resistant as itself, 
but in terms of electrons which, we are now 
taught, have no mass that is not ~ electrical 
inertia. Now, materialism, as it has lasted 
throughout the ages, has really been built upon 
this notion of mass. There, at any rate, in what- 
ever had stuff in it — good massy, solid stuff in 
it — ^there, at any rate, was something real ; but 
it is rather a different task to persuade mankind 
that the only ultimate reality is electrical inertia. 

The Real ie Unknowable. But let us 
give the doctrine a fair chance, and employ a 
word which is more familiar, and which, at first 
sight, we mav seem more easily to nasp. It is 
to the something called ** energy ” that physical 
science would now reduce the external world. 
All matter has to be regarded as simply a mode 
of energy, and we have to try and conceive of 
this something as the only physical reality. We 
may remark in passing that this physical con- 
clusion is by no means as secure as some would 
have us suppose. There is, for instance, the 
little problem of the universal ether, about which 
no one has yet said anything that he can persuade 
anyone else to believe. But still, we may take 
it, for the sake of argument, that all external 
things ore simply transient modes of this one 
thing — energy, and we may then address our- 
selves to the very necessary question. What is 
energy tiself ? 

The plain fact is that we cannot get any 
** clear and distinct notion,” as Descartes would 
say, of the nature or inmost reality of energy. 
We know of it nothing but what it accomplishes ; 
it is a something that has power, and this power 
seems to be incapable of creation or destruction ; 
but in what it inheres, what is the substance of 
it ? These questions we cannot answer at all. 
This is a strange conclusion to be reached in tho 
order of time by those simple, dogmatic, and so 
plausible propositions which materialism with 
its hard, round, massy atoms, used to afford 
us. All criticism of the nature and quality of our 
knowledge apart, we are now ordered to brush 
aside tangible matter, as a mere transient acci- 
dent, and to endeavour to conceive what is indeed 
utterly beyond conception. The inner nature of 
the external world we find to be unknowable, 
inconceivable, ineffable. 

And the most significant thing is this — that 
our conclusions are not based upon meta- 
physical ” considerations ; we are not forced to 
them in deference to the criticism of professional 
philosophers, nor psychologists, nor logicians. 
On the contrary, they are the concluskms directly 
reached by physicists as a direct consequence 
of their continuance in those very studies upon 
the immature stages of which the old materialism 
was built. 

What la Mind? But there is now grow- 
ing out of modem ph3rsic8 a new and very 
plausible theory which constitutes a further 
attack upon the supremacy of min d, and which 
seeks to olinoh onoe and for all the case for 
energism. The older materialism did not attempt 
to include mind within its system. Mind was 
simply an accident that could be ignored ; it had 
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a physical basis and origin, but it could not be 
thought of as having any real existence at all, 
not even a physical existence. Remembering 
tliat the oldOT materialism was‘ based upon the 
idea of atoms, we can understand how it was that 
no one ventured aotuaUy to count mind amongst 
the material things. The old speculation of 
Democritus, which made the mind consist of a 
particular kind of atom, was evidently too naive 
for modem use. But the reader will readily under- 
stand that, just as the new form of materialism 
loses in plausibility by no longer having the 
tangible atom to appeal to, so it greatly gains 
in plausibility in another direction, for it finds 
possible the ailment that this impalpable, 
inaccessible,, but nevertheless physical some- 
thing, which is called eneigy, may display mind 
as one of its forms. 

la ** Mental Energy Physical ? We 

all speak at times of mental energy — a some- 
what vague phrase, which nevertheless stands 
for an intelligible idea ; and the passage is easy 
from regarding this phrase as a metaphor to 
regarding it as the literal truth. Electrical energy, 
kinetic energy, thermal energy — ^why not mental 
energy ? Eveiytking except mind has been moi-e 
or less clearly resolved into what the physicists 
call energy. This is capable of infinite trans- 
formation — sometimes into gross forms, such as 
pcmderablc matter ; sometimes into utterly 
impalpable forms, such as chemical energy and 
other forms of potential energy or energy of 
'position. Now, we know that mind is intimately 
correlated with physical energy, for we know its 
correlation with the brain, which, physically 
ccmsidered, is o^ a gross manifestation of 
physical energy. Why, then, should not mind be 
one of the subtler modes in which physical 
eneigy may display itself ? 

Up to a point, the aigument becomes more 
powerful the more it is studied. If we approach 
it systematically from the inorganic to the 
organic we find that the problem of life itself 
affords what seems to be a convenient link, hint- 
ing at the real identity of physical eneigy and 
psychical eneiw. The moreKsomplete is our study 
of the physicalsciences, the more thoroughly we 
blend physics, chemistry, and biology into a con- 
sistent and coherent bo^ of knowlrage, the more 
strongly are we convinced that this somethmg 
which we call eneigy is the one universal reality, 
uncreateable, indestructible. 

Is Mind a Form of Matter? Thus 
convinced mid strongly uiged to the view that 
the Real is One, the stadent proceeds to con- 
sider mind. We can readily understand how 
it seems to him, thus prepared, to be almost 
a necessaiy truth that, just as moticm, sound, 
light, heat, electricity, magnetism, the chemical 
forces, the vital forces, were fonnd each in turn 
to be forms of energy, so, of course, this next 
entity that he has come to stuci^ is. Just another 
form of energy— a form somewhat more subtle, 
perhaps, somewhat more ethereal, somewhat 
further removed from matter, which may be 
conceived as the grossest form of eneigy, but, 
never^less, necessaiy to be identified with all 
these in the last analysis. Space is too preoious . 


for US' to repeat anything idieady said on 
pam 2115, but the argument iv uo important, 
ana especially so importsnt to-day in the absence 
of refutation of it from the soientifie side, that 
we must add something to what has there been 
said. The following considerations are new, and 
the reader is asked to study them in association . 
with the page referred to. 

The Physical and Psychical. It is a > 
wholly gratuitous assumption, and is doubt- 
less untrue, that in the course of an hour’s 
consciousness the brains of two men consume 
equal amounts of food material. But let us grant 
it for the sake of argument. The facts are mese. 
If you oxidise a gramme of phosphorus, whether 
in a brain or in a test-tube, you will obtain the 
same amount of heat. Meanwhile, however, one 
such brain is yielding, in addition to the heat, 
Macbeth’s speech beginning : “ To-morrow and 
to-morrow and to-morrow.” Another such brain 
is producing imbecile do^rel ; and the test-tube 
is producing nothing besides the heat. Those who 
maintain that mind is a form of eneigy have it 
incumbent upon them to demonstrate the strict 
quantitative equality of (1) Macbeth’s speech ; 
(2) imbecile doggerel ; and (3) nothing. 

In truth, there is no quantitative relation 
between the psychical activities and the ph 3 ^ical 
activities of the brain. The present writer has 
yet to meet with any recognition of the philo- 
sophic significance of a fact well known to 
dieticians, that there is no correlatiofi between 
mental work and the amount of food required. 
It is recorded by Professor Atwater, one of the 
most distin^ished American students of die- 
tetics, that ^ a man was confined in a respiration 
calorimeter for a number of days, and on certain 
of them he engaged in the severe mental work 
of reading a German treatise on physios.” The 
subject purposely worked very hard at the 
book, since be well understood what it was 
desir^ to ascertain by the experiment. All 
the other o<mditions were kept carefully constant, 
but it was found that an the working daye the 
bodily waste was no grealer than on the days 
when no mental work was done at aU. All the 
exact experiments that have been made agree 
that mental work, whether productive or re- 
ceptive, has no quantitative relation whatever 
to the transfonnatjon of physical energy. 

Eating and ThInlUng. This absolute want 
of any quantitative relation between psychical 
and physical energyr is of significance not only 
because such a relation must be demonstrated 
before any physical theory of mind becomes 
plausible ; it is of practical interest in relation to 
dietetics. If we consider the effortlessness of the 
highest genius, and the fieqnent spaneness of diet 
of intelliotual workers of the highest order, we 
find it impossible to donbt that we most potent 
and complex psych^ activities may be corre- 
lated in one wain with the oxidation^ much lees 
food mid^rial— -that is to say, with the trans- 
formation of jnuch less physical energy— than 
may be required by another brain, the psydiioal 
activities oorrelatea with which signi^ nothing. 
It is very commonly observed that men of oon* 
smnmate genius have been sparse eaters. 
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Amongst recent instances are three ^eat figures 
of the nineteenth centu^, Darwin, Huxley, and 
Spencer, all of whom suffered from chronic dyt> 
pepsia. For many years Spencer's diet cannot 
nave been more than one-fourth or one-fifth part 
of the ordinary diet of a man of his weight. Yet 
his psychical activity was incessant, and since it 
kept him awake he was ever at a loss for fresh 
devices to make him “ stop thinking.” If we 
follow the argument out, and consider the case of 
the large eater, in whose l^y enormous quantities 
of physical energy daily undergo transformation, 
we shall see some meaning in the idea to which 
men in all ages have given utterance — ^the idea 
of the burden of the physical, and the load it 
imposes upon the psychical. 

** When We Lie A-thinKing/* On the 
popular theory that mind is a form of physical 
energy, any such doctrine of the burden of the 
physical spells nonsense, for in proportion as 
mind is exnibited, its source-physical energy — 
must be supplied to the body, l^c facts, however, 
are notoriously otherwise, and, on the contrary, 
lend a somewhat novel support to the ascetic 
principle — the principle that the bodily or the 
physical must he kept under, lest it burden and 
clog too much the psychical. There is a 
fall^ious reply to this argument which depends 
upon the confusion of physical with mental 
energy in the case of the individual man. Many 
men of action are, and have been, men of great 
physical energy. In the course of their enter- 
prises they will actually utilise an amount of 
physical energy which is exceedingly large, 
ana such men must inevitably be hearty eaters ; 
but it is an utter confusion to confound this 
energy of the energetic man — ^which is obviously 
and measurably physical energy — with the 
psychical activity of pure thought. So far as 
all evidence and probability goes, there is 
absolutely no quantitative relation between 
the psychical and the ph^ical when one lies 
a -thinking in the night. Physical changes are, 
of course, occurring in the brain, food material is 
being broken down, and potential chemical 
energy is being transformed into kinetic energy, 
such as energy of heat. But a complete equa- 
tion could be written, demonstrating the truth 
of the law of the conservation of energy, 
tpUhovl the insertion on either side of it of any 
psj/chical term ; /md, os wo have alreadv observed, 
if it wore attempted to insert any such psychical 
term there is no conceivable unit of quantity 
which could be employed in the statement. 

Mind and Not»Mlnd« We pass on to 
a new subject, and meanwhile let us take 
stock of our position. We have attempted a 
complete refutation of the doctrine that mind 
can be included within the physical, which 
latter, by general consent, has be^ reduced to 
a somewhat intangible One. Now, that seems 
to be something accomplished ; but observe 
that our rejection of materialism or energism 
seems to involve the loss of our behef that the 
Real is One. We find ourselves asserting that 
the Real is not "One, but two — ^mind ana not- 
mind. We find ourselves rejecting monism — 
which is the goal sought by every pmlosopher— 


and accepting a dualism. We have yet to see 
uiiether this dualism is proximate or ultimate. 
Here, at least, we may note the historical fact 
that the greatest thinkers of the past have 
never yet rested content with this dualism of 
mind and not-mind — or mind and matter, as men 
used to say — as the final truth. On the contrary, 
they have always gone on to seek behind or 
within this proximate dualism an ultimate one- 
ness or monism. To this we must return. 

The Opposed Schools of Materialiam 
and IdeaHam. Meanwhile, however, let us 
pursue our systematic course. In the face of this 
apparent dualism between mind and not-mind, 
two ever opposed schools of thought have sought 
two diametrically opposed solutions which at least 
agree in this, that they seek alike to dethrone one 
of the terms of the dualism and to explain it in 
terms of the other. Materialism in all its forms 
declares that the dualism is only apparent, 
since not-m‘nd is the reality and mind may be 
explained in terms of it. That view we have 
discussed. Over against it, throughout the ages, 
another school of philosophers have placed the 
precisely opposite view. They also have sought 
to dethrone one of the terms of the dualism and 
to explain it in terms of the other. But it has 
seemm to them that it is not-mind which must 
be dethroned and explained in terms of mind. 
“ Tlie only reality is not-mind,” says materialism ; 
“ the only reality is mind,” says idealism. 

Now, we are studying what is incomparably the 
moat difficult subject to which the human mind 
can address itself, and we shall reach no goal at 
all if we do not take frequent bearings. For this 
purpose the writer has attempted to prepare a 
scheme which may lie of some use. In it we shall 
definitely abandon the word matter, and we shall 
accept the gi*eat physical generalisation which in- 
cludes, or attempts to include, imder the unitary 
fact called ener^ everything that is not-mind. 

A Third System of Thought. We con- 
template. then, an apparent dualism of mind, on 
the one hand, and energy on the other, this last 
word being used in its technical scientific sense. 
We then proceed to discuss two great systems of 
thought which have one point and one only in 
agreement. Tliis is, that one or other of these two 
terms, mind and energy, is the ultimate. Material- 
ism attempts to descii^ mind as energy ; idealism 
attempts to describe energy — thatis, the external 
world — as mind or mental creation. It is inces- 
santly asserted by thinkers of both these schools 
that there is no third choice — except to rest 
content with dualism, as no one can. Let us 
have it clearly stated, however, before we pro- 
ceed to discuss idealism, that there is a third 
choice. This consists in examining afresh the 
two terms in our apparent dualism, and seeking 
a monistic solution, not by the sinking of the 
first in the second, nor the second in the first, 
but by rejecting both alike as ultimates, and 
by regarding them as the converse aspects of 
a something beyond^ w'hich is their common 
substance. Following Professor Hoffding, we 
may call this thkd doctrine critical monism^ 
since it is a monism based upon a criticism of our 
knowledge of mind on the one hand, and our 
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knowledge of energy on the other hand. Critioal 
monism asserts that the idealists have not 
criticised their notion of mind, and that the 
materialists have not criticised their notion of 
energy. Here is the scheme, which may possibly 
crystallise what would otherwise be chaotic. 
Having thus seen the direction in which we are 
going, let us attempt to do justice to the great 
system of thought which is called idealism. 

APPAReNT OUALfSAf 
OF 

MtNO AND BNEPQy 

fXPn AtN£0 AWA Y fNA tr£*f OA ‘NOf MHnd) 

AS fN£ASY BY MAT£AlAUSl>^ »tN€0 A¥YAY 

THAI $S NATSBIALISTIC MONISM AS MIND BY !0£AUSM, 
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CRITICAL MONISM 

WHICH iXPiA/NS N€ITH£A IN TERMS Of TNC OTHER 
(SRINOIA f AAi\tT^ SRENCFR, HO ff DINS) 

The Master Idealist. Many names of 
various greatness may be associated with idealism. 
The greatest of them all, Geoige Berkeley, 
Bishop of Cloyne, was bom in Ireland in 
1684, and died in Oxford in 1753. Though he 
lived almost all his life in Irelimd, he was 
an Englishman. He was not only one of the 
most illustrious philosophic thinkers of all time, 
not only by reason of his “New Theory of 
Vision ’’ a master in science, but also one ot the 
noblest and most beautiful characters of whom 
history has any record. Says one critical and 
cold-blooded contemporary, “ So much learning, 
so much knowledge, so much innocence, and such 
humility, I did not think had been the portion 
of any but angels till I saw this gentleman.’* 
His wonderful book on “ Optics ” was published 
when he was twenty-five, and his “ Principles of 
Human Emowledge ” — one of the few greatest 
works of all times — when he was twenty-six. 
In some remote age, whm “ oblivion has spread 
her poppy ” over the memory of the statesm^ 
falsely so-called, the warriors, the self-seekers, 
and the crowned fools and knaves whose ignoble 
names fill our history books and are Ihnist in 
all their pettiness into the memories of our 
children, the name of Bishop Berkeley will be 
remembered and honoured at its due worth. 

Idealism and Common«sense. Now, 
let us enter into a preliminary warning before 
we proceed to discuss the philosophy of l^rkeley. 
Pope has a line, “And coxcombs vanquish 
Berkeley with a grin.” His views have been 
“ laugh^ at, written at, taught at, shrieked at.” 
Everyone is familiar with the story of Br. 
John^n, that incarnation of the limitations of 
common-sense, who thou^t he had disposed of 
Berkel^ bv kicking a stone. Let us tiy to 
recognise wnat every student of philo 0 O|^y must 
know from his own experience — that uiere is a 
stage of mental development in which idea&m 
appears to be the most monstrous of absur^ties. 
^me of us may remember hearing at school riie 
quaint notion that the worid only exists in our 
minds or in some Higher Mind than ouis ; 


probably, after the fashion of schoolboys, we 
characterised this notion as rot.^ Now recent 
psycholo^ has shown that a very large y»FO- 
portion m the population never develop at all 
beyond the stage which mav conveniently be 
described as the twelve-year old mind, and to the 
twelve-year-old mind, certainly, the doctrine of 
idealism is the sheerest nonsense — “only that 
and nothing more.” Whatever our conclusions 
may finally be, let us remember the great advice 
of Lord Acton — “ to understand what we reject 
as thoroughly as what we accept” 

Idealism and Matter, When we say 
that Berkeley denied the existence of matter — 
or, as he would now have to say, physical energy 
— w'e do not mean that he denim, or acted as if 
he denied, the phenomenal existence of pheno- 
mena. The difference between him and his 
opponents is that, while they postulate some- 
th^ behind phenomena, Berkeley says that 
this supposition is superfluous. He finds no need 
to suppose that there is an inaccessible noumenon 
or BUMtance underneath all the properties by 
which we know the outside world. For him 
those properties are themselves the whole thing. 
There is nothing beyond the world of sense, hvt — 
this world of sense is no more than the phrase 
suggests — a world of sense. OvUide and beyond 
sense it has no existence. 

What we commonly do, however, is to group 
together in our minds certain of the properties or 
qualities from which we infer the external world, 
and then we declare that these inhere in some- 
thing which we agree to call matter, or nowa- 
days ener^. According to Berkeley this is a 
creation ofour minds, and has no existence out- 
side them. It is our minds that have put 
together these qualities and properties, compared 
them, and then explained them in terms of some- 
thing behind. But there is no such something 
behind ; it is only our way of thinking. As 
Berkeley points out, once we admit its existence 
we find ourselves in all sorts of difficulties. The 
further we pursue it the more certainly we find 
ourselves in absurdities and contradictions ; but, 
says Berkeley, “ Upon the vhole, I am inclined 
to think that the far greater part, if not all, the 
difficulties which have hitherto amused philo- 
sophers and blocked up the way to knowledge are 
entirely owing to themselves — that we have 
first raised a dust, and then complain that we 
cannot see.” He boldly solves tine difficulties 
in which realism finds itself, and especially the 
pre-eminent difficulty of explaining how it is 
that mind can know not-mina at all. 

The Doctrine of Berheley, Here is 
the famous passage in which, especially in its 
last sentence, his theory is stated: “That 
neither our thoughts, nor passions, nor the 
ideas formed by our imagination* exist without 
rile mind is what eveiybo^ wiU allow ; and to 
me it is no less evident that the various sensa- 
tions or ideas imprinted on the sense, however 
blended or epmbined together, cannot exist 
otherwise than in a mind perceiving thmn. . . . 
The table I write on, I say, exists— s.e., I see it, 
and feel it — and if I were out of my studv I 
should say it existed, meaning thmeby that if 1 



was in my study 1 miffht perceive it, or that 
some other i^rit actuaUy perceive it. As 
to what is said about the existence of unthinking 
things, without any relation to their bein^ j^r> 
ceived, that is to me perfectly unintelligible. 
Their esse is percipi ; nor is it possible they 
should have any existence out of the minds or 
thinking things which perceive them.” 

If we perceive nothing but our own ideas and 
sensations — ^which everyone admits — it is im- 
possible to imagine that any one of these ideas, 
or any combination of them should exist un~ 
perceived. Their esse is percipi — their being is the 
being perceived. Furthermore, “ When we do 
our utmost to conceive the existence of ex- 
ternal bodies, we are all the while only contem- 
plating our own ideas.” 

Followed out in its logical entirety, this theory 
leads Berkeley to the famous passage which 
it is a privilege to quote : 

“ In a wor^ all the choir of heaven and furni- 
ture of earth — all those bodies which compose 
the mighty frame of the world — ^have not any 
subsistence without a mind ; their ease is to be 
perceived or known, and consequently, so long 
as they are not actually perceiv^ by me, or do 
not exist in my mind, or that of any other 
created spirit, they must either have no existence 
at all, or else subsist in the mind of acme eternal 
apirit. . . .” 

The Crux: of Ideallem. The most 
obvious retort to the idealist, of course, is the 
question whether he believes that the round 
earth, and all that it contains, would vanish 



bodies are said to have no existence without 
the mind, I would not be understood to mean 
this or that particular mind, but all xninds what- 
soever.” Then it might be replied that the whole 
human race may conceivably suffer destruction : 
would this involve the annihilation of the ex- 
ternal world ? Berkeley’s doctrine, how’ever, 
does not lead to the conclusion that the existence 
of dead matter depends upon the existence of 
living matter. 

But now for a further objection to idealism — an 
objection which every consistent idealist recog- 
nises and which it seems impossible to answer. Let 
us freely grant Berkeley’s position as regards the 
external world in general. But how does tbe 
idealist escape from the conclusion that he, as a 
perceiving entity, is the only thing that exists at 
all ; that he is not merely the centre of his own 
universe, but ia the whole universe — that is to say, 
that apart from him all other things, including his 
fellow men, have no being? Here and there a 
stray thinker has been found who thought himself 
compelled to accept this conclusion, which is 
sometimes known as suftpsism, but evidently it is 
too monstrous for anyming but ridicule. If 
idealism necessarily le^ to the conclusion that 
he, the idealist, is aolua and totus — alone, and the 
whole — ^then so much the worse for idealism. 
And, in any case, if he thinks so, why does 
he make a fool of himself by saying so, there 
being none to hear ? 
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The Supreme Idea of the Pfrine Mind, 

Now we need not imagine anything so foolish 
as that so obvious a criticism as this did not 
present itself to the magnificent mind of Berkelw. 
His answer to it we may readily anticipate. It 
is that he and other men subsist in the mind of 
some eternal spirit.” Without this supreme idea 
of the divine mind, idealism cannot hope to stand 
at all. It might effectively criticise all other 
philosophies and reduce us to scepticism, but it 
could substitute nothing for them. None of us 
has any use for a doctrine which asserts that his 
best friend has no existence outside his own mind. 
This is the last and most ridiculous egoism. 

But, completed as idealism may be by invoc^a- 
tion of an all-embracing divine mind, in order U) 
solve what would otherwise be insoluble difficul- 
ties — so completed, it may be incapable of rational 
proof, but it is equally insusceptible to the 
assaults of rational criticism. It is a consistent, 
self-consistent, complete, and noble hypothesis. 

The Grandeur of Idealism. Starting 
with the one fact of which we are absolutely cer- 
tain — the fact of the existence of spirit, mind, or 
something that thinks — it proceeds by processes 
of impeccable logic until it has constructed 
what is not only a great philosophy — whether 
or not it actually compels rational assent — 
but also the basis of a mighty religions con- 
ception. Technically and rationally, this idea 
of the divine mind is perhaps an assumption ; 
it may be declared to be outside the proper 
range of philosophy — that w^e have no right 
either to assert or to deny regarding it. That is a 
question w^hich it is impossible to follow up here. 
J^rkeley w'ould say that it is a necessary assump- 
tion, and that without it we find ourselves in 
greater difficulties — that is to say, rational 
difficulties — than with it. But this we may recall 
or anticipate — that the conception of a universal 
mind is by no means a last resort for puzzled 
idealism, by no means merely a deua ex machind. 
On the contrary, some such conclusion is reached 
by many other roads, and with what compels 
us to regard it as equal necessity. 

Since the time of Plato, at least, there have been 
idealist philosophers, but it is frankly to be con- 
fessed that they feed the mind on very little more 
than w'md and words. After you have long tried to 
get hold of them, and failed, you begin to suspect 
that there is really nothing there to grasp. 
When it is found, also, that they incessantly 
contradict themselves, that none of them hi» 
any difficulty in refuting all the others, that the 
disciples of their bosoms offer wholly contra- 
dictory accounts of what the master taught — 
your ccmviction is reasonably confirmed. 

** We Live in the Creation.” It is really 
unnecessary to discuss these other idealisto 
at any . length, though just the very briefest 
mention must be made of the name of Hegel 
(1770-1831), who founded a school — ^if school 
it can be called — which was dominant for many 
years in his native Germany, was exported to 
Oxford, and is only now beginning to evaporate 
there. Hegelianism is founded upon the doctrine 
that ” to TO and not to the same,” and that 
the non-existence or the nothing exiata^ because 
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it is a thought. Thus beginniiig with the ideiUUy An Old’ df Truth. ; Bxe the 
‘ of contraries— ‘i^e principle that everything is thinkers who have addressed themdelves to this 

and at the same time and in the same sense is question of the means hy w]|uph we may identify 

not — it may well be imagined that Hegelianism ^th. Probably on the whole ihiis is the first 

ends in tiie most amazing medley of verbal absur- preliminary question of all philosoplfy, for, if we 

dities that the human mind has yet achieved. are not agreed as to the answer, or if no answer 
At least, however, we cannot leave the name is obtainable, it would seem hopeless to proceed 

of Kegel without commenting upon the mag- further. The essence of the pragmatist position 

nificent advance involved in Im idea of creation, consists in examining and rejectii^ various tests 

To Hegel, as indeed to many greater thinkers which have been proposed for truth and sub- 

than he (but his statement of it was of historical stituting a new one; 

importance) the ** creation of the world” was not It is not necessary here to examine the various 
a thing once done by God, but a thing perpetuaUy ways in which truth has been defined, nor to dis- 

doing by Him “ in whom we live and move ana cuss the issue between the absolute scepticism 

have our being.” Creation is “ God passing into which denies that we can know any truth and the 

activity ; but neither suspended nor exhausted relative scepticism which declares that our know- 

in the act.” God did not make the world “ one ledge, even if it be only symbolic, is yet valid 

fine day,” nor in seven, but sustains and creates so far as it goes. Suffice it that, by practically 

and recreates it **from everlasting to everlasting.” general consent in these days, philosophers are 

The Newest of all Philosophies. Now, agreed that the test of truth is precisely that 

it is to be hoped that we have not lost our bcarinj^. which each and all of us employs as the test 

Let the reader glance again at the scheme which of truth in daily life. It is consistency with the 

we made for him. We have discussed as best we rest of experience. This is not to assert that 

may the two fundamentally opposed doctrines of the test is a final one or that it never errs. Ob- 

materialism and idealism, and we have noted viously its value must depend upon the quality 

also the one point in which they agree. We must of the rest of experience. The immobility of the 

pass on now to the philosophy of the present earth was for ages regarded as a truth just 

day. Doubtless that embraces thinkers of many because all experience seemed to be consistent 

schools, but still it is fair to say that the systems with it, and with nothing else. Yet with the widen- 
which we have been discussing are scarcely ing of experience and the making of astronomical 
representative of current philosophy, which has observations, which added new (tola to experience, 
been so deeply affected by the criticism that was the theory of the motion of the earth came to be 
the chief part of the life work of Kant. the only one now consistent with the rest of 

It is not necessary here to return to the philo- experience, and it is accepted on that ground. 
Sophy of Kant, the substance of which we have A New Test of Truth. Let the reader take 

previously endeavoured to state, but we may trace this idea with him into his thoughts and life for a 
in the present day, and to him, the wide recognition few days, andhe will realise that it is by this means 
of the necessity of examining even our most that we all of us jud^ of truth or fact. Let him 
cherished notions before we venture to build reflect farther that im human action and thought 
great philosophic generalisations upon them. furnishes evidence of the value of this principle. 
This demand that we shall beg no questions at all and let him also ask what is assumed by eveiy- 
— ^and least of all the question. What is truth ? — one who uses it The assumption that no fact 
has generated in the present day, in England and can ccrntradict, but on the contrary must be con- 
America, what is indeed the veiy latest brand of sistent with, any other fact involves the belief 
philosophy ; and before we pass on to greater that the universe is a universe, and not a chaos, 
themes we must spare a word for this new school. Though, like the rest of mankind, they use this 
especially as its case is veiy interesting, and has test in their daily lives, pramnatists endeavour 
lately b^ome very popular. to show that it cannot at afi be accepted as a 

What ia Truth 7 The chief names that test for trutih. Instances such as that of the 
may be mentioned in connection with this most motion of the earth, however, in no way affect 
up-to-date of philosoj^ies are those of Professor the validity of the principle. They merely 
Dewey and Professor William James, of America, show the results of its imperfect application, 
and Mr. Schiller, of Oxford. It is from the latter However, it is possible with a little skilhii 
especially that we draw, as accurately as may be, writing to make this test of truth, its oon- 
the argument of this new school regarding the age- sistency, seem absurd, though, of course, you 
long and fundamental question. What is truth ? are assuming its value in every word you write. 
We must say, in a word, that according to this and would be veiy much astonished if your 
school we have no means of knowing or identify- readers took your argument to be a comic story 
ing the truth except in so far as we may about a dog and a tin kettle. Thereafter the 

to call the truth anything that works.” ^e pragmatists set up a new test of truth, as inter- 
name which has been given to this new philosophy esting and attractive as may be. This test is to 
is pragmatism,” from the Greek verb prasso (I be nothing else than human action. There is and 
work, accomplish, or achieve), and it is upon this can be no truth, say the pragmatists, except 
conception that the philosophy is built. Its just what suits him who beueves it. If it suite 
importance for us at this point lies in its rank him, serves his life, and goes .with his actions, 
as a critical philosophy, and its critioism. Is then he may know it to be true-— nor can he do 
certainly directed to the very root of the matter, so by any other means. 
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\J7HEN an accident occurs, let the patient lie or 
^ sit. Ifhe ‘eat all faint or inaenaible, keep him 
lying down flat, loosen the things round his neck, 
and do not let people crowd around, but keep 
them away so as to give him plenty of air. 

Do not move him at all till you quite understand 
his injury, and be as quick as possible in finding 
out what is wrong. 

Until the patient is removed to his home, or to 
a suitable place, let your aim be only to stop any 
bleeding for the time, and to prevent injury in 
moving. 

Avoid needless questions and pulling about. 
Unless the case bo plainly trivial, send for a doctor 
at once. Do not drag clothes off an injured part, 
but carefully rip them up or cut them off to examine 
it. When you have to remove the clothes, take 
them off the injured side last. Always begin on 
the sound side. 

If the patient appears very low, give two tea- 
spoonfuls of brandy, or a little water with a few 
drops of sal volatile. 

Haemorrhage Cases. will now con- 
sider the most common emergencies one by one. 
In hemorrhage, if the blood be bluish and dark, it 
is from a vein ; if bright red, and comes in spurts, 
it is from an artery. Tlie latter is far more profuse 
anti dangerous than the former. In all cases one 
must act decidedly and quickly. 

The first thing is to see where the blood is really 
coming from, and at once to fold up a bit of rag, 
handkerchief, or any other cloth, and press on the 
spot with your thumb steadily until you can get a 
bandage ready. 

Pressure on the spot where the blood comes from 
is always the first thing to aim at. Do not stand 
and look at it, but make at once a determined 
effort to stop it. 

In most cases, in a minute or two the blood will 
cease to flow, and will clot. The pressure must 
not be taken off, but another neat nad must bo 
made by folding up a piece of rag, ana then placed 
over the first, and a bandage put round the nart. 

If, however, the blood still flows round your 
thumb and from under the pad, look out for garters 
or tight strings above the wound, and out them. 
Always raise the limb and expo-'^e the part freely to 
the air ; by these means you lessen the flow of blood 
and make it clot more quickly. Should it con- 
tinue to flow in jerks, at once press on the artery 
higher up than the place from which the blood comes. 

If the blood comes from the headt firm pressure 
against the skull with a piece of cork in the pad is 
generally enough, if well secured. 

If from (he facet blood-vessel should be held 
tight betw^een one of the fingers (inside the mouth) 
and the thumb (outside). 

If from the neck, as in out throat, press t^he artery 

C l feel beating below the out firmly against the 
k of the neoK. 

If from the arm, press the artery above the wound 
with the fingers against the bone till the bleeding 
stops; or knot a handkerchief loosely round the 


limb, and then, with a stick, twist the handkerchief 
round and round till it squeezes the artery tight. 

If from the forearm, press in the same way on the 
arm artery, or put a pad in front of the elbow, and 
bend the arm up firmly on it. 

If from the thigh, press the artery in the centre 
of the groin firmly down with both thumbs on to 
the bone. 

If from the leg, put a pad under the knee, and 
bend the leg forcibly on it. 

An indiarubber band, tube, belt, or brace 
stretched firmly round the arm or leg above the 
wound stops the bleeding at once. 

Bleeding may come on suddenly from the nose or 
mouth. If from the nose, and it is not excessive, 
it may relieve headache and congestion, and do 
good rather than harm. If, however, it continues 
and is severe, do not allow the jjerson to hold his 
head over a basin, but make him sit up with his 
head erect, and hold his own nose firmly for five or 
ten minutes, while you slip a cold door-key down 
his back. This attitude and slight shock is often 
enough to stop it. Should blowing continue, or 
blood run down the throat behind, soak a handker- 
chief in common turpentine and let the fumes be 
sniffed up. The arm raised above the head also 
stops it. It it still persists, send for the doctor 
witnout delay. 

The blood may come from the mouth. If it 
comes in any quantity, its source is probably either 
the stomach or lungs. 

If it is from the stomach it will be rather dark, 
mixed with food in large quantities, and vomited up 
after a severe pain. If from the lungs, it will be 
very light, mixed with froth ; it will be coughed up, 
and coir.e in lesser quantity. 

In either case, lay the person dow'n under an open 
window, loosen everything about his neck, keep him 
quite quiet; and to stop the bleeding — supposing 
the doctor is not at hand — give him a teaspoonful 
of turpentine in a little milk, and let him breathe in 
turpentine from a soaked handkerchief. 

BruisM and Wounds. Bruises are injuries 
caused by falls or blows, which may result in internal 
lacerations, particularly of the smallest blood-vessels. 

In slight cases, apply hot fomentations or spirit 
and water lotion to the bruise to prevent dis- 
coloration. 

Wounds may be clean-cut, tom, bruised, stabbed, 
poisoned, or gunshot. They heal in two ways : 

1. Quickly, by primary union (union by the first 
intention) without suppuration, leaving only a 
very fine scar. This mode of healing should always 
be tried for, but can be got only under the following 
conditions : when the sides of the wound can to 
accurately brought together; when they are not 
displaced by bleeding or exudation of matter; 
when the wound is left quiet and protected from 
outward injury ; and when it is kept perfectly free 
from impurity. 

2. The second mode of healing takes place slowly, 
with suppuration and the formation of granulations, 
leaving a large red scar. 
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It is the matter formed in the process of supjr^a- 
tion which separates the sides of the wounds, when 
the wound b^ns to heal, granulations form. These 
granulations, oy degrees, and with constant sup< 
miration, fi 1 up the wound and are finally covered 
by a large scar, which remains red for a long time. 
Suppuration and putrefaction open the door to 
other dangerous surgical ailments, of which many 
people die after wounds and operations. 

Modem surgerv has made wonderful progress in 
the treatment ox wounds, chiefly because a more 
accurate knowledge of the causes of suppuration 
and putrefaction has taught us how to prevent 
these processes, and how to guard against many of 
the dangers to which they give rise. 

How to Treat Wounds. The first thing in 
the case of a woimd is to stop the bleeding as 
already directed. The next is to cleanse it gently, 
as far as {loasible without disturbing any blood- 
clot that may have formed. After that, bring the 
edges of the wound as closelv as possible together, 
and secure them there by little strips of plaster, the 
skin being well dried first. Apply the dressing 
of a imd and bandage, support and keep the 
injured part at perfect rest, and then attend to 
the person’s general comfort. 

Clean-cut wounds heal quickly and easily if all 
dirt is removed and the edges are brought close 
together. The pad should be dry, or soaked in a 
little olive or carbolic oil, and if the wound does 
not become unpleasant, the dressing may he left 
for three days. 

Tom wounds cannot he closed up, but require 
cleansing, and the pad must be constantly soaked 
in plain cold water. Oushed wounds and stabs are 
to be treated in the same way. 

Poisoned wounds are caused by the bites of mad 
dogs, poisonous snakes, and by (loisoned weapons. 
The danger of these is that the poison from the 
wound may by means of the lymphatics be carried 
to the heart, and so poison the whole blood. 

To prevent this diffusion of the poi.son one should, 
without loss of time, bind the limb round tightly 
above the wound ; this is best done with an elastic 
belt or a strap or string, or a handkerchief made 
tight by means of a stick twisted round in it. When 
this has been done, try to get rid of the poison from 
the wound. This may be done by sucking it out 
(if the lips are not sore), by burning with hot coal, 
hot knife or knitting-needle, or by caustic (carbolic 
acid, nitric acid, etc.). 

In gunshot, and all other serious wounds, all that 
can done is at once to arrest the bleeding and 
send ior a surgeon. 

Bones are hard but brittle, and break like glass 
or porcelain by outward force — by a blow, fall, or 
jump— Kiften with a snap or crack which may be 
heard and felt. 

Fractures. Fractures are divided into two 
kinds — simple and compound. We call a fracture 
simple when the skin is not injured. We call it 
compound when it is accompanied by a wound, 
caused either by the same force which produced the 
fractare-~a bufiet, for instance— <ir by the ends of 
the broken bone protruding through tlie skin. 

Compound fractures are much more dangerous 
than simple ones, because the skin and rnusoms we 
always much bruised at the same time, and because 
dirt may get into the wound and he with difficulty 
removed. 

How do we know when a bone is broken ? Infour 
ways : (1) The limb is bent ex shortened ; (2) ttoreis 
an unnatural degree of movement at the seat of the 
fracture ; (3) there is violent pain ; (4) when the 


limb is moved the broken ends of the hone may he 
felt grating against each other. 

How does a fracture heal ? New hone-substance 
(callus) is formed at the broken ends of the bone 
and knits them together. This new substance is 
Ht first soft, but haidens gradually into hone. 

In all cases, therefore, when you have any reason 
to suspect broken hones, from the pain or the help- 
lessness of the limb, be very gentle and make the 
person keep quite still. Cut the clothes of! the part. 
^ where the fracture is, but move the bones only 
so as to place the limb in a straight line in its 
natural position, and then put splints on the inside 
and outside and back of the limb, and secive them 
firmly round it by bandages above and below, so 
that the broken part is fixed and quite immovable. 
Splints can he formed out of umbrellas, hoards, 
cardboards, sticks, rolls of newspapers, cricket 
stumps, rolls of rushes, hark of trees, and can be 
tied on with anything. Thus secured, the patient 
can be moved with swety on a board, stretcher, or 
even carried in the arms. 

When a jaw is broken, tie it up firmly, by a 
bandage imder it to the top of the head. When ribs 
are broken, put a broad roll of flannel or linen round 
the part, and let the patient sit up till the surgeon 
comes. When a collar-bone is broken, tie the arm 
to the side with a large pad in the arm-pit till the 
surgeon comes. In the case of any other fracture, 
apply splints ns directed, and be sure that they are 
secured above and below the broken part. 

Treat any case when you think the bone is broken 
like thi.s ; and even if you are wronff, you have done 
no harm, and have certainly made a mistake on 
the right side. A surgeon must, of course, be sent 
for at once. 

Dislocation and Sprains. In the case of 
dislocation, some limb is suddenlv put out of joint 
by over-use or by an accident. You may think it 
is a broken bone, because the limb is fixed and 
cannot be moved without pain. But then you 
remember that though when the bone is broken 
the limb is helpless, it is not fixed, hut very mov- 
able at the broken place, and that it is your business 
to fix it up in splints. 

If in doubt as to whether it is a broken bone or 
only a dislocation, always act as if it were broken 
ana put on splints. Do not try to set the hone 
yourself. 

A sprain is a wrench to a joint ; a strain is over- 
exertion of a muscle. In a sprain, which happens 
most frequently to the ankle, if at all severe, always 
send for the surgeon. Neglect of this precaution 
may lead to serious results. 

In the case of sprains, therefore, let the part have 
complete rest, laying it on a pillow. Klevate the 
leg (if it be the ankle), and apply cold, either in the 
form of ice (broken in pieces in a sponge bag and 
resting on the joint), or sponge with omd water or 
with spirits and water. If the pain is still very bad, 
very hot fomentations may relieve it. 

In a case of strain or cramp of the muscles, rub 
them steadily with warm oil 

Bums. Both bums and scalds arise from the 
s3tmo source, Imt the one kind is caused by dry 
boat, and the other by moist. 

If a person’s clothes are on fire, the one thing to 
do is to lay him flat down on the floor, roll him over 
on to the nurning part of his clothes, and cover him 
as he lies with a tnick rug ; and lastly, if needed, 
drench him with cold water. 

With regard to treatment in j0ight cases, a little 
Hour dusted on the part at once, so as to form a 
oust, is very good. In more severe cases, any burnt 
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parts of dress, etc., ifhould all be out off first, and Insensibility may occur without a fit. You may 
the wounds dressea udth strins of rag soaked in have to decide before the doctor can come whether 

sweet oil, and then covered witn ootton-wooL The a man is under the influence of drink or dying, and 

blisters that form so quickly should never bo this is exceedingly difficult. Open the personas eyes, 

broken, but, if lar^e, pricked at the lowest part, and and if both pupils are very small, he is very likely 

the shrivdled skm not cut away, but left. The asleep. Wet a towel, and gently slap his cheeks ; 

surgeon, of course, must be sent for at once. The you will suddenly see the pupils enlarge: This 

person' mUst be kept warm, and be given some hot shows he is now awake, though possibly still 

drink. insensible. If they dilate very much, and there are 

Scalds require the same treatment, except that as general signs of drink, he is probably drunk ; if one 

much of the scalding liquid should be washed off pupil remains small, and the other large, it is pro- 
as soon as possible. naoly an injury to the brain. If both remain small 

Boms from strong acids or alkalies, such as and cannot be altered, he is probably drugged, 
vitriol, spirits of siuts, or caustic soda, iiotash Of course, these rules do not always bdd good, 

or lime, should be first drenched with water, and Your duty is clear — send for a doctor in all cases 

then, if from an acid, bathed with soda and water ; at once. 

if an alkali, with vinegar and water. In an apoplectic fit, the person falls down suddenly. 

Bums of the face are best treated by painting and is always more or less paralysed. Send for the 

with olive oil on a feather or brush. doctor at once. Give the person fresh air ; let him 

Poisoning. In cases of poisoning, at once lie quietly with his head a little raised ; loosen all 

send for the doctor ; but as he is sometimes a long tight clothing, put hot bottles to his feet, keep 

time coming, and promptness of action is often a the room quiet, and give him nothing by the 

matter of life or death, a few very definite instruc- mouth. 

tions are absolutely necessary. Fainting. Fainting is a common and an 

Find out at once (if possible) what has been taken, ‘alarming occurrence. If you see a person turning 

If it is a strong acid, as vitriol, spirits of salts, etc., deadly pale, and about to “ go off,** you may prevent 

etc., give soapsuds, piaster from the wall or ceiling, his doing so by steadily pressing his head down 

(halk, or soda in water. If it is a strong alkali, between liis knees till his face is quite red. If he 

soap lees, caustic soda, lime, or potash, give a glass has fainted, let him lie flat on the floor. On no 

of vinegar and water. Afterwards give, in either account allow him to be raised. Loosen everything 

case, a tablespoonful of olive oil. round the neck, and let him have plenty of fresh air, 

If it is any other form of poison, give two tea- a little cold water in the face, and smelling salts. 

s|KKinfuls of mustard in n cup of worm water, or A teaspoonful of brandy and water may be given 

any other emetic that may be handy ; or get half if the lace is very pale. 

a teaspoonful of sulphate of zinc and give it in Drowning. In drowning, the action must be 

water. Carefully preserve all bottles and all very prompt, and you must have a clear idea of 

vomited matter, as the case may be one for legal what to do at once. First turn the body over on the 

investigation. and let any water escaiie by the mouth. 

AVlien anyone is stung, apply ammonia (sal Then wipe the mouth and nose dry; apply 

volatile) to the part, and extract the sting if left in, ammonia to the nose, or put a feather down the 

Uncontaciousnasa. The chief causes of loss throat; rub the chest with hot cloths, or beat 

of consciousness are : (1) inidries to the brain, with it well with the end of a wet towel. If in a short 

or without fracture of the skull ; (2) diseases of the time breathing does not begin, adopt immediately 

brain, aix»p1exy, epilepsy, etc. ; (3) poisoning by this method : 

narcotics, opium, morphia, alcohol, ether, and Place the patient on his back with a firm cushion 
chloroform ; and ^ retention of urine, the result under the shoulders. Draw the tongue out of the 

of kidney disease ; (1) fainting, paralysis of the heart mouth and fix it with an elastic band over it and 

through fright, pain, exhaustion, loss of blood, etc. under the chin, or a piece of tape. Take off the 

As it is often very difficult for the beet medical braces and all tight clothing ; kneel or stand behind 

man to determine at once with what form of uncon- the person, grasp his arms above the elbow, and 
sciousuess he has to deal, it would be useless to draw both arms well back over the head, and 

attempt to tell how to distinguish between and keep them at full stretch so as to expand the 

recognise these oonditions. What should be done, chest while you count ten rapidly; then bring 

however, in all cases, is this : the arms forward and downwards, and press the 

1. Remove all tight clothing from about the nock elbows well into the sides of the chest, and hold 

-neck-tie, collar, shirt-studs, etc. — as these interfere them there, counting ten again. Then repeat this 

with the flow of blood from the head. slowly about 15 times a minute, until a natural 

2. Give free access to fresh air roimd the patient, brea^ is drawn, when you at once proceed to warm 

and send all useless bystanders away. the patient, and rub his legs and arms up towards 

3. Place the body on the back with the head low, his heart. Put him in blioSkets, if possible, during 

if the face is pale, as in faintness after great loss of this treatment When he can breathe, give him a 

blood. If the face, however, is red, the head must little brandy. 

be raised. If sickness sets in, the head should at . Be sure the tongue is well stretched out during 

once be turned on one side, so that the vomited your efforts, and that people do not crowd round, 

matter should not be drawn into the lungs. As in every other serious case, this only until the 

4. If the patient no longer breathes, which can be doctor comes.*' 

ascertained oy holding a looking-glass or flat piece If a person is choking, seize his nose at onoe with 
of metal, or a feather, before the mouth and nose, one hand, and push the finger of the other hand right 

then we should at once have recourse to artificial down the throat, and try to hook up or push down 

respiration. t^c obstruction. If unsuccessful, slap tbe book 

5. Bend as quickly as possible for medical aid, or vigorously, or tickle the throat and try to bring on 
transport the patient witnotit delay to the hospital, vomiting. 

Concluded 
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F will be well at the outset of this article to 
indicate in some degree its scope, and the 
meaning which we propose to assign to the term 
scholastic professions. 

Strictly, the term should include all those con- 
cerned in imparting to others the education which 
they have themselves received, whether by writing, 
preaching, or personal instruction. It is not our 
intention to deal in this article with the literary 
professions ; it is with the teacher proper that 
we are concerned — with the man or woman who 
gives direct oral instruction, or supervises the 
work of the pupil in school, gymnasium, or work- 
shop. We shall endeavour to indicate briefly the 
course of training and the prospects to be enjoyed 
by the academic, the technical, or the physical 
teacher in every grade. 

To the academic teachers three great careers 
are open — those of elementary, secondary, and 
imiversity instruction, as well as the less satis- 
factory* one of private coaching. Of these, by far 
the most important — at least, considering the 
number of persons engaged in it — is the profession 
of elementary school teaching. 

Elementary School Teachere. In the 
past this profession has been divided by a marked 
line of cleavage between the teachers in Denomina- 
tional and in Board schools, of whom the latter 
had — financially, at least — much the better posi- 
tion. Elementary school teachers are drawn almost 
entirely from elementaiy schools, and the supply 
is at present considerably less than the demand^. 
Very few of these teachers have private means, 
and the local authorities have, therefore, foimd it 
necessary to take char^ of their education from 
the earliest stage, setting them apart for their 
profession from youth up like the Catholic priests 
of the Middle Ages. 

Pupil-teachers. In the old days the 
future teacher became a pupil-teacher at the age 
of thirteen or fourteen, when the compulsory 
school period ceased. In return for a hara day^ 
work tne child received a small wage and the 
privilege of being taught by the headmaster after 
school hours. This went on until the age of seven- 
teen or eighteen, when the pupil-teacher took the 
King's Scholarship examination, and, if successful, 
entered a training colleg^. 

The Board of Education have now very properly 
decided that no teaching is to be done by children 
under sixteen. The local authorities have, there- 
fore. to provide by scholarships for the education 
of children up to that age. Generally these scholar- 
shi(w are awarded on examination at the age of 
twelve [see Ladder of Learning, page 481], and 
carry free education at a seconclary school up to 
the age of sixteen. In London the examination 
is taken at the age of eleven, and about 2,000 junior 
scholarships are awarded every year. Of the 
successful candidates, rather more than hajf 
become teachers. These scholamships include, in 
addition to free secondary education, a grant of 
£5 a year for the first throe years, and a year 
lor the remaining two. 


The London elementary school child has a 
second chance of becoming; a teacher by winning 
a “ probationer " scholarship at the age of fourteen. 
These are open to future teachers only, and admit 
them to the ranks of the junior scholars. 

At the aTO of sixteen the child definitely takes 
up his or her profession, and becomes a pupil- 
teacher, remaining at the secondary school, or 
entering a pupil-teachers' centre, but teaching at 
the same time in a public elementary school. The 
salaries of pupil -teachers are given in the following 
table. The salaries in the great provincial mimi- 
cipalities are intermediate between the two. 

PUPIL TEACHERS' SALARIES 

First Year. Second Year. 

London. Country. London. | Country. 

Boys .. £32 lOs. £17 10s. £30 j £20 

Girls .. £20 16s. £17 10s. £26 | £20 

The King** Scholarehipe. The most 
critical moment in the life of our future teacher 
comes at Easter, after he has been a pupil-teacher 
for a year and a half. At this stage lie enters for 
the preliminary certificate examination, which 
entitles him, if successful, to a King's Scholarship. 
This scholarship is paid only to the student who 
gets into a training college. The ijn^ant is £53 a 
year to a man, and £38 to a woman, in a residential 
college ; or £13 a year to a student of either sex 
in a day training college. As this grant is not 
quite sufficient to cover the cost of training, most 
residential colleges charge an '' entrance fee " 
not exceeding £25. This fee is paid for London 
students by the County Council, who also pay 
a special grant of £20 to students in day training 
colleges. A full list of recomiised training colleges, 
with fees, etc., is contained in the regulations for 
training published by the Board of Education. 

The number of teachers required annually to 
supply all the elementary schools in England is 
about 10,000, of whom something like three quarters 
must be women. Unfortunately, the whole avail- 
able accommodation in training colleges is for 
1,677 resident men, 3,537 resident women, and 
3.751 day students. It follows that only about 
5,000 students can be received in one year, and a 
number of people otherwise quaUfled must be 
rejected. 

The great majority of these training colleges 
belong to the Church of England, though, of course, 
it does not follow that they are open only to C'huroh- 
men. The Board of Education are putting pressure 
on local authorities to increase the number of 
colleges provided by them ; but it is not sur- 
{viBing the local authorities contend that the 
teachers they train may not remain in their service, 
and they urge, with reason, that the whole cost of 
training should be borne by the State. 

The Utktrminad Tracher. The lack of 
accommodation has excluded, and still excludes, 
nmny future teachers from the training colleges, 





and it is cmljr natural that some preference has 
been shown to Chiurchmbn in thO Cnuroh oollera. 
This has in the past been a very serions hardi&p 
to Nonoonforodst teachers, though the Education 
Acts of J902-3 did a great deal to improve their 
position in this respect. 

The teacher shut out from the training college 
has 'j^aotically no alternative but to begin work 
at eighteen as an untrained teacher, and to en* 
deavour by private study to quahfv for the Board 
of Education certificate. These untrained, un- 
certificated *’ teachers are paid in licmdon a fixed 
salary of £70 for men and £60 for women. The 
salaries paid in the pixrt^cee are about the same. 

Normally the tomning college student takes 
the final certificate exammation after a two years* 
course, and immediately begins teaching in a 
public elementary schooL The student who takes 
the final examination after a one- 3 rear *8 course com- 
mands usually a rather lower sdary at first. A 
few of the most brilliant students are frequently 
kept on at the training college, or sent abroad for 
a ^ird year, with a Government grant, and these 
become teachers either at a secondary school or in 
the training college itself. 

Salaries and ProspMts. The accom- 
panying table shows the starting salaries of certifi- 
cate teachers with the vanous qualifications 
referred to. The maximiim to which salaries rise 
is also shown. In London, men’s salaries in 
elementary schools rise to £200, by increments of 
£5 a year during the first two years, and £7 lOs. a 
year thereafter. Women’s salaries rise by incre- 
ments of £4 a year to £160. 


SALARIES OF CERTIFICATED ELEMENTARY 
SCHOOL TEACHERS 

— 


TnOiied IWhen. 

Unttalned Tcmchon. j 

Ist or 2it(l 

or puMi 

in 1808. 

SrdCloM 

Cert. 

liter 

:ind 

CIMI 

Cert, 

3k1 

Ct«M 

Cert. 

PMMd 

In 

1906. 

Men 

Women 

/London 

{ Bund 

ICountiee 

/London 

{Rural 

l^Oountiee 

£100 

80-180 

88 

76-110 

£90 

80-120 

80 

70-100 

£86 

70-00 

70 

00-76 

£76 

70-00 

70 

00-76 

£80 

76 


Head Teachere in Elementary 
Schools. Nearly all elementary school head 
teachers are drawn from the ranks of the assistants. 
A period of some years’ service is commonly re- 
quired, and the salaries offered to head teachers 
in the smaller schools are from £10 to £20 a year 
better than those paid to assistant teachers of 
the same standing. In the lanp schools which 
are found in London and the JVudland towns the 
head teacher occupies a very good position. We 
give the London scale of salaries for head teachers. 


SALARIES OF LONDON ELEMENTARY 
HEAD TEACHERS 

Aooonimodation 
In School. 

Men. 

Women. 

1-200 1 

201-400 1 

401 and / 
upwards \ 

£10 more than sail 
assis 

£200-£800 
(Inoreased by £10) 
£800-£400 
(Increased by £10) 

try under scale for 
bants. 

£160-£226 
(Increased by £8) 
£226-£W0 
(Inoreased by £8) 


Head teachers in higher grade schools receive 
£16 a year above soiJe. Tne maximum salary 
paid to head teachers in most country districts 
k from £200 to £260. 
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Adwantagea of Elementary School 
Tdaching. An elementary school teacher 
has the advantage of beginning remunerative 
work at a very early age as compared With those 
who follow the other liberal professions. Further, 
his training costs him practically nothing, and his 
salary increases very quickly, so that at the age of 
thirty-five or so, when he may expect to be bur- 
dened with an expensive family, his earnings 
have already touched the top limit. 

The demand for teachers, as wo have already 
pointed -out, exceeds the supply, so that there 
are practically no unemploy^ in the profession. 
Retirement at sixty-five is compulsory, but the 
superannuation fund, if the teacher is wise enough 
to subscribe to it, provides a liberal pension. The 
work is not heavy, as it is confined strictly to school 
hours — that is, from twenty-five to thirty hours per 
week. 

The prospects of promotion, too, are good. 
Every year some seven per cent, of the teachers 
employed in elementary schools are promoted 
to headships. A certain number migrate to 
secondaiy schools, and the establishment of such 
schools % the municipalities has opened a new 
and wide door of transition ; while the recommenda- 
tion of the consultative committee, that higher 
elementary schools should be staff^ principally 
with elementary school teachers, has offered a new 
prospect of advancement. 

On the whole the career offers more attractions to 
women than to men. The woman teacher receives, 
it is true, a smaller salary than the man; but, as 
compared with their respective earnings in other 
professions, the scale of pay is more liberal. Partly 
lor this reason quite a number of girls from 
secondary schools and colleges become riementary 
school teachers without going through the normal 
course of pupil-teachership ana the training college. 
Male teachers, on the other hand, are nearly all 
supplied by the pupil-teacher system. 

Secondmry Schools. Secondary schools 
differ widely in the prospects which they offer to 
the teacher. Their classification is somewhat 
difficult, as it is impossible to draw a hard and fast 
line at any point between Eton College and the 
small country grammar school. At the same time, 
it is necessary to recognise the distinction, and we 
shall designate the latter, together with the majority 
of London secondary schools as schools of the second 
grade, reserving the term ** first grade secondary 
schools ” for those of public school standing. 

The term “ first grade secondary schom ” will, 
of course, include the girls’ high schools, and such 
well-known boarding schools as St. Andrews and 
Wickham Abbey. 

Second Grade Secondary Schools. 

In all secondary schools the majority of the teaching 
posts are filled by men with university degrees, or 
women with equivalent qualifications. In the' 
second grade schools there are generally quite as 
many graduates from the new universities as from 
Oxford and Cambridge. Trained teachers are in 
a minority, but a few will be found — these have 
usually spent a third year either at the training 
college or abroad, but some have risen from elemen- 

^^^snerally speald^, the position of an assistant 
teacher in su^ a s^ool offers little scope for^the 
man of ambition. He may, it is true, secure a b^th 
in a fitst grade school, but this is unlikely : he may, 
if emploj^ in a municipal school, be promoted to 
the headship, but this can happen only to one man 
in fifteen or twenty. For promotion to the head- 
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ahip of any other school a uniTersity degree is 
pracUoally a sine qua non, and in the bo^* schools 
the chances of any but an Oxford or Cambridge 
man are small These heads are largely drawn 
from among puldio school masters, so that the 
secondary school master has a small chance of 
promotion as compared with the secondary school 
mistress, but his salary compares with hers more 
favourably than in the elementary schools. 

Secondary School Teachera* Salaries. 
For the expenses and difficulties that must be 
faced in the course of training by the intending 
secondary school teacher, and for the helps by 
the way in the shape of scholarships and free 
places, the reader is referred to the articles on 
the Ladder of Learning [page 481 ]. 

The demand for such teachers at the present 
time is great, emplo^ent is certain, and the 
salary and social position of the teacher are rising. 
The salaries offered vary very much, but a qualifi^ 
male assistant teacher may expect to earn from 
£120 to £250, and a uoman teacher from £100 to 
£200 a year. 

The Girls’ Public Day School Company offer 
salaries starting at amounts varying from £70 to 
£135, and rising to £200 a year. Secondary schools 
in London and the large municipalities are rapidly 
approaching the standard of pay set up by the 
London County Council, who offer to assistant 
masters a salary rising from £150 by £10 increments 
to £300, or in special cases to £350, and to assistant 
mistresses a salary rising from £120 to £220 by 
£10 increments. 

The salaries paid to secondary school teachers 
by the provincial municipalities may be gathered 
from the following instances of starting and 
maximum salaries of trained certificated teachers. 


District. 

Men. 1 

Women. 

London . 

£100-200 

£88-150 

Edinburgh 

85-160 

65-110 

Hom^ 

East Mam 

05-200 

00-175 

85-160 

76-130 

Binalagbaai 

86-160 

70-100 

Lancashire 

80-140 

70-110 

Leeds 

66-160 

76-100 

Manchester 

85-140 

65-110 

West Riding 

90-135 

80-105 


It need hardly be mentioned that the work of 
secondary school teachers, including correction 
of exercises out of school hours, and in some cases 
presence in the playing-fields, is very much harder 
than that demanded of an elementary school 
teacher. 

Subjects Taught. It must be remembered 
Iw the intending teacher in this class of school 
that by far the greater number of his pupils will 
be destined for a commercial or industrial life. 
Consequently, he may as well spend his time on 
Greek verbs as on Hebrew paradigms. The studv 
of elementary mathematics, science, and above all, 
of modem languages, bulks larger in the second 
grade secondary schools than in cither the public 
school or the elementary school A special training 
in either science or modem languages is very 
valuable to the would-be teacher. A man or 
woman who has spent a year abroad can ffenerally 
command additional pay on the strength of it; 
and many of the larger boys’ schools employ a 
“ head science master,^’ at a salary of some £400 
per *annum. Such a ^Kist is witlun the reach d 
the non-graduate, and is a stepping-stone to the 
headmastership. 

The salaries offered by the London County 
Council to head teachers, and recommended to au 


secondary schools aided by them, depend on the 
aooomm^ation in the schools. The scale is given 
below. 

HSAB TEACHERS* SALARIES IN SECONDARY 
SCHOOLS 


Accommoda- 

tlon. 


Head 

Masters. 


Head 

Mistresses. 


>uu j (Increasing by £20) (Increasing by £10) 
ofti inn J £400^600 £800-£4(M) 

XU1-4UU I (Increasing by £20) (Increasing by £16) 
AM i £600-£800 £400-£600 

u\er 4UU -s (Increasing by £20) (Increasing by £20) 

In secondary schools other than the municipal 
ones pavment by a capitation fee is common. 
The Girl Is* Public Day ^hool Company offer in 
some cases a nucleus salary of £250, together with a 
capitation fee of £1 10s. to £2 on the pupils in the 
school For the most part the salaries offered 
are rather lower than those on the scale set out 
above. 

First Grade Secondary Schools. The 

public schools demand rather different qualifica- 
tions in their masters than the secondary schools 
of the second grade. In the first place an Oxford 
or Cambridge degree is almost essential ; in the 
second pla<^, a professional training is hardly 
considered, and a imowlodge of modem languages 
or of any scientific subject is required only of 
perhaps one master in twenty. Masters are fre- 
quently appointed at the conclusion of their 
university course, though in some cases the heads 
will advise a few terms’ experience elsewhere. 

The distinction between schools of the first and 
second grade is largely social Partly for this 
reason the public schools are inclined to insist that 
the masters appointed should themselves be public 
school boys. Naturally, old boys of the school 
itself have a great aavanta^ in eom]:)eting for 
posts — at Eton, probably half the masters are old 
Etonians. 

Local traditions are much less strong in girls’ 
schools, and social distinctions are loss felt. The 
teacher requires much the same qualifications as for 
secemdary school work, but a university degree is 
very commonly reqtiired. 

The Athletic Schoolmaster. Some 
attenti<m is naturally paid to the athletic prowess 
of an applicant for a post, though less than in a 
private school &nd certainly less than is commonly 
oelieved ; still it is quite sufficient to turn the 
scale as between a football or cricket blue and a 
** mere man ” of similar intelleotual attainments. 
This is largely due to a sense of the disciplinary 
effect which such a distinction will have on the 
somewhat turbulent lower boys of a public school 

Whatever the reason, athletic qualifications are 
of value to the future schoolmaster, and, naturally, 
prowess in cricket or football, which can be dis- 
played in the playground, is more to be desired than 
Wtinotion in rowing or other sports. Many a good 
oar at Cambridge has been spoiled to make a 
cricketer, because the tindergraduate in question 
contemplated teaching as a career. 

The important quiuifioations, then, for a public 
school master are—and the first is almost essential-— 
an honours degree, a public school education, and 
athletic prowess. 

The Fubllc School Master's Sslsry 

sad Prospects. The rewards offered va^ 
neatly. Probably the best assistant mastership 
Si the world is that held hy a olassipal master 
at Eton. His salary starts at £300 . a year, but )ie 
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ha« the right hud the leisure to take forty private 
pupils at tiventy (piineas a head. Coupled to that 
the prospect of a House forty boys attor thirteen 
years’ service, and you have a post which few men 
would exohan|(e for the headship of any but a 
first-lass public school. 

The salaries in most public schools are from £250 
to £400 a' year for non-resident masters, and about 
£100 a year less for residents ; usually, however, 
onlv junior masters are appointed to ret^ent posts, 
with the exception of those masters who have 
houses of their own. 

School Boarding • houooo. In many 
boarding-schools there is a schoolhouse, which is 
cither an appanage of the headship or belongs to 
the school itself ; but in almost every school the 
majority of the boarders are distribute to private 
masters^ houses, over which a certain amount of 
supervision is exercised by the school authorities. 

Whether this is a desirable arrangement or no is 
a question much debated. It is ur^d, on the one 
liand, that it is essential that all the details of 
boarding-house administration should be supervised 
by a master. This may be granted, but it is at 
I^t open to question whether the supervising 
master ought to be financially interested in the 
housekeeping, and it is very strongly contended by 
many masters — who have not houses— that the 
business of an unlicensed victualler is beneath the 
dignity of the scholastic profession. 

However that may be, the prospect of having 
a house is one of the princ^l oaits which attract 
the public schoolmaster. The annual profits to be 
made out of* such an establishment may be fairly 
accurately assessed as fr^m £10 to £25 per boy, 
according to the wealth and standard ot luxury 
prevailiim among the parents who patronise the 
school. Naturally, the whole profit aepends upon 
the house being full ; it is the last fow or five hoys 
who pay, and the expenses of running the house 
are heavy, so that a Ix^rding-house can hardly ever 
promise a sale or steady income. 

Public School Headships. The prospect 
most cherished of the average assistant master or 
mistress is that of becoming the head of a first- 
grade school. The headmistresses for the most 
part receive salaries of from £500 to £800 a year, 
but those of the large boarding-schools probably 
make a total income considerably larger tnan this. 

Headmasterships of public schools, on the other 
hand, are worth altogether from £1,200 to £5,000 
a year. In the modem schools a great part of the 
headmaster’s income consists of capitation fees on 
the number of pupils in the school, but the older and 
more venerable public schools, admission to which 
is sought by many more bovs than can praibly 
be aocommoi^ted, naturally despise the capitation 
fee, and pay for the most part a fixed salary. 

Many schools demand that the headi^ter 
should be in orders, and in the case of boarding- 
schods with chapels attached this requirement is 
almost universal. The great day scnools, how- 
ever, have of late shown considerable disposition to 
appoint lajrmen, and in practically no case does it 
help an assistant master to be in orders, though he 
may find it useful to enter the Church before 
apmying foor a headship. 

ImTate Schoola. It is difficult to gene- 
ralise as to the private schools dotted about the 
oountiy. Comparatively few are open to inspection, 
and the avafialue data are scanty. The owner, like 
every other capitalist, seeks as a rule to buy his 
commodity — tcsgshing — in the cheapest market and 
to sell in the dearest 


Of late years these schools have been, to some 
extent, opuied to inspection by the much abused 
Column B of the teachers* register. University 
graduates and others seeking recognition as second^ 
ary school teachers are often wiUing to accept a 
smaller salary in a recognised seoon£uy school in 
which they can qualify, than they might demand 
in a school not so recognised. This is a strong, 
inducement to o^ers to seek recognition, and to 
^n their schoolis to inspection by the Board of 
Bdubation. 

Sb far as the assistant teacher is concerned, the 
position offered by a private secondary school 
differs little from that in other second-grade schools. 
Salaries are for the most part low, and the work is 
apt to be heavy, although this is by no means the 
universal rule. Private preparatory schools for the 
great public schools— particularly “ scholarship 
huntii^ ” schools — pay very well indeed, besides 
affording the masters excellent opportunities of 
promotion into the schools for which they prepare 
pupils, as such masters, being well known to the 
authorities, are frequently sent for to supply 
temporary vacancies on the staff of the public 
school 

In these schools a good degree is naturally looked 
for in the assistant master, and in all boys^ private 
schools athletic attainments are very highly tnought 
of, since the reputation of a private school depends 
in no small degree on the subsequent achievements 
of its pupils in the public school playing-fields. 

Starting a Private School. The head- 
master of a private secondary school is v^ com- 
monly the owner. Prom his point of view it is 
largely a commercial undertaking, and its success 
depends on many other things tWi his academic 
qualifications. The would-be headmaster must 
have command of capital, and, as a general rule, it 
may be taken that the minimum capital cost of 
providing a secondary school with }voper accom- 
modation and fixtures is £30 a hei^ in London, 
and rather over £20 a head in the countiy. The 
cost of providing a boarding-school will be rather 
more than twice as great. 

Private schools for girls are in a peculiar 
position, since they usually lay stress upon their 
exclusiveness. The mistresses in such schools are 
chosen as much for their “accomplishments” 
as for their intellectual attainments, and in 
many oases the staff is practically synonymous 
with the family circle. The principal qualifica- 
tion for an assistant mistress is a knowledge of 
modem languages. It is naturally impossible to 
give any account of the very diverse rates of 
pay prevailing in these establishments. They 
probably compare very unfavourably with those 
offered, to secondary teachers by the municipal 
authorities. 

The Universitiee. Unquestionably the 
molt desirable of all academic posts are those at the 
old univmiticB, carrying, as do the best of them, a 
very fair salary, great dignity, and demanding, it 
must be confes^, very little work. 

The teaching staff of every university consists 
of professors, Teoturer]9> and demonstrators. Lec- 
turers in Boientifio subjects are commonly demon- 
strators at the same time, and the teaching work 
which they do in many oases ooouines only a pari 
of the week, so that it is combined with study. This 
is more pariioularly the case in the Amerioan and 
Colonial universities, where such poets o£for an 
excellent oppcwtunity to British graduates to con- 
tinue the study of special subjects under other 
auspices. 
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0emoMtrat<»r« and Lecturera. The 

demonstrators and lecturers at a university are in 
almost every case chosen from amonp the mm 
brilliant students at the close of their university 
course, so that the able student with no definite 
ambitions outside the imiversity finds himself 
transformed almost imperceptibly into a lecturer on 
a salary of £150 to £200 a year. At Oxford or Cam- 
bridge the lecturers are nearly all Fellows of their 
colksges, and do private coaching as well, so that 
their total earnings not infrequently amount to 
£000 or £700. As a class, however, demonstratore 
and lecturers are — for the best men of their academic 
year — veiy poorly paid. Probably they have the 
best brains in the county. 

Professors. The lecturer, after a few years’ 
service, not infrequentlv mifpites to some sister 
university in Great Britain or the Colonies, 
to fill a professorial chair, or else becomes head 
of a department in a technical institute. Most 
British professors are trained at Oxford or Cam- 
bridge, and probably a very large number of the 
present ones have served at the old universities as 
lecturers of the colleges or of the university. Such 
professors not infrequently return in the end to the 
university at which they were trained. 

The emoluments attached to the various chairs 
at the new universities vaiy from £500 to £800 per 
annum. A few special chairs are still more liberally 
endowed. The professors at such universities are 
the actual teaching heads of the faculty, and have 
a great deal of real work to do, though most have 
leisure for literary work or for a certain amount of 
outside practice as scientific experts. The executive 
heads of the various universities are paid rather 
more highly than the professors, and the princhml 
of London* University draws a salary of £2,000 a 
year. 

Professors at Oxford and Cambridge draw from 
£700 to £1,200 a year, and have very little actual 
teaching to do. They are no doubt in a large 
measure responsible for the educational policy of 
their respective faculties, but personally they do 
not as a rule give more than one or two courses of ’ 
lectures in the year. The intention of the univer- 
sities in filling these chairs is rather that their 
occupants should be free to engage in scientific 
or literary research, to the glory of their alma 
mater. 

It is unnecessary to go into detail as to the 
infinity of college appointments from the mastership 
downwards. The first step to all of these is the 
college fellowship, which is given to the able student 
either with or without examination. The fellowship 
is the natural goal of the academic career, and 
comes, with its attendant appointments, almost 
automatically upon the brilliant scholar. 

Colonial Uniweraitiea. Salaries at Colonial 
universities range between much the same limits as 
nt the English provincial ones, the professors 
receiving from £500 to £1,000 per annum. The 
assistants, however—demonstratm and so on — 
work usually only for half their time at these 
occupations, and have considerable leisure and 
opportnnit ies for study. Salanes range from a small 
sum up to £15() or so. 

Since the ablest students at these universities are 
commonly desirous of proceeding to Oxford or 
Cambridge, and since the inducements offered to 
young university men to take up an imlustrial 
career are greater in the United States and in the 
Colonies — where education is highly valued-— than 
in Ei^land, it is not always easy to fUl the inferior 
teaching posts in the Colonial universities. The 


result is that there is a considerable opening for 
Ei^lish university men in Canadian and other 
universities, and an Oxford or Cambridge graduate 
is warmly welcomed. 

These opportunities should be much more used 
than they are by Englishmen. Not only do they 
form an excellent ** lumding place ” in the Colonies 
for men anxious to take up an industrial or scientific 
career there, but they afford an excellent training 
for mat^ professions at home. A year or two at 
McGill University, in Montreal, for instance, is nt 
once an invaluaUe experience to a British college- 
trained engineer, and at the same time opens to 
him the doors of all the great workshops in America. 

Unfortunately there is no adequate system of 
communication between British and Colonial 
universities, by means of which these posts may bt‘ 
brought to the notice of students at home. 

Technical Inetitutee. Nearly all that we 
have said of the universities applies to technical 
institutes, except that the scale of salaries is, on the 
average, about 40 per cent, lower than at the 
universities ; a few, however, of the princijial 
institutions, such as the Mimicipal School of Tecdi- 
nology at Manchester, deserve rather to be classed 
with the universities in this and in other re8]>ectR. 

The demonstrators at the polytechnics are 
picked out,- as in the universities, from among the 
day or evening students of those institutions. The 
salaries offered are from £50 to £100 a year, quite 
sufficient to tempt a boy without capital who 
realises that the most brilliant career in the institute 
is not an absolute guarantee of success in the outside 
world. The work involves both day and evening 
teaching, and is therefore by no means light ; but 
the prospects are good, as the lecturer may well 
rise to be the head of his department. 

Heads of departments at tne London |>olytechnicH 
are commonly paid from £200 to £500 a year. They 
are in many cases university men, and occasionally 
return to the new universities as |>rofessorH, or 
go out to the Colonies in the same capacity. 

The principals of the technical institutes receive 
salaries of from £500 to £700 in the provinces, an<l 
from £600 to £800 in London ; except in the cas? 
where heads of departments are appointed to these 
posts, it is generally required of a candidate that he 
should have had previous experience in the conduct 
of an educational institution. Headmasters of 
secondary schools are not infrequently appointed. 

Training Colleges, The training colleges 
are in a sense technical institutes. They teach a 
profession, and they draw their teachers from the 
ranks of their own students like the polytechnics. 
They are, however, mostly residential colWes, and 
the staff is resident in nearly every case. Tlie scale 
of salaries in municipal training colleges is generally 
about the same as in the larger secondary schools, 
deducting the cost of maintenance of the teacher. 

Generidly it may be said that the assistant 
teachers in training colleges draw from £100 to £200 
a year if men, from £70 to £150 if women, in addition 
to their board and lodging. These teachers very 
generally move into secondary schools after a few 
years, with a view to freedom from the necessity 
of residence. 

The pay of head teachers is about the same as 
in technical institutes, £450 to £700 a year. Those 
head teachers are nearly always graduates, some- 
times of Oxford or Cambridge. 

Privmte Ttsltlon, We have spoken of the 
highest scholastic posts as falling to tne most suc- 
cessful scholars who have reached their degree with 
no definite aim in life. Unfortunately there are 



many aiiol^ into whose mouths the academic plums 
do not dropL Having no definite professional train- 
ing and no settled mppose, their obvious means of 
livelihood is that of imparting the knowledge they 
have acquired. 

Of these men some become masters in public 
or private schools, but the majority drift into 
private ooaohing outside the University. The 
usual fee for a naduate coach at Oxford or Cam- 
bridge is 78. 6£ an hour. In Ixmdcm and else- 
where the usual fees are 5 b. and ^wards for men, 
and 48. and upwards for women. The non-ap^uate 
must take what he can get, and many of his com- 
petitors are working for 2s. an hour. 

Private coaching is not to be recommended as a 
serious profession. When fresh from the university 
a man is able to make an income by this means, 
which compares very favourably with that which 
he commands in a secondary schod, and he may well 
spend a few years in coaclmig while looking out for 
an opening into some more substantial profession. 
On the other hand, he must remember that there 
is no certainty of employment. Methods of teach- 
ing change, and the coach of forty years of age, 
instead of bettering his position, is alreMy beginning 
to suffer by the competition of younger men ; 
whereas a regular teacher is nowhere superannuated 
before the age of fifty-five, while university appoint- 
ments are nearly all for life. 

Special Subject Teachers. Outside the 
ranks of academic teachers are those who teach 
crafts, whether industrial, commercial, or domestic. 
Most of these teachers are employed by the local 
authorities in day or evening classes, and since 
their services must be secured by the councils in 
the open market and in competition with private 
employers, the soale of fees paid by the London 
County Council for this class of work may be taken 
as very fairly indicative of those which the teacher 
may expect to command. It need hardly be men- 
tioned that the demand for this class of teaching 
exists only in the lari^ towns, where the conditions 
are much the same throughout Great Britain. 

The special subjects — ^mnastics. swimming, 
needlework, etc. — taught in elem^tary sebo^s 
are usually tauf^t by members of the regular staff ; 
but, for the secondary schools, instructors are 
engaged at substantially the same rates as for the 
evenmg classes. 

The Teechinc of Crafte. The craft 
school has risen on the ruins of the apprenticeship 
system. A oentui^ ago the boy learnt his trade 
in the workshop from the man whose bench he 
shared. ^ Now the value of floor space has killed 
apprenticeship in the large towns, and the boy goes 
to a trade sonool or tedmical class instead ; but 
the man who teaches him in the school workshop 
must have the same qualifications as the man who 
taught a hundred years ago. In fact, Ike teacher 
of a riqlled trade is, and must be, an artisan of 
practical experience, though as a veiy highly- 
skilled artisan he may command wages of & or 
28. 6d. an hour. It is a valuable aualifioation for 
n trade teacher of this class to have taken an 
svening course in the the<^ of the subject of whioh 
be teachee the practical side. 

In the same wi^ the teachers of other technical 
subjects are onsfUmen. The teacher of book- 
keeping is frequmitly a praotising aooountant, and 
the teacher d ** first aid** a praotisi]^ surgeon, 
rhe Dossihility of objtainiim wdk of this character 
shonld be bo^ in mind % men starting in the 
skilled nroleasions with a good college record 
behind them. 
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The teachers of gymnastics are' drawn frOhi a 
number of different classes. The great majority 
of the male teao iers are retired Army instructors 
or non-commissioned officers. The best posts go 
commcmly to men and women trained in Cfermany, 
or in some of the London schools. The South- 
Westwn Polyteohnio has trained a number of very 
suooessful teachers, and Madame Osterberg*s College 
at Hartford has an equally high reputation. 

Special Womaa*e Work. The special 
subjects for which instructresses are required are 
art, swimming, nursing, needlework, and domestic 
economy, which includes cookery, laundi^ork, 
and housewifery. The art work and the swimming 
are largely day subjects, but almost all the other 
special teachis^ is done principally at night. 

Art telphers are usualfy, and domestic economy 
teachers invariably, required to have had special 
training as teachers. [For the training colleges 
available see Ladder of Learning, pa^ 481.] 
The London County Council require domestic 
economy teachers to possess a diploma, and art 
teachers the art masters* certificate. The sidary 
.of domestic economy and needlework teachers in 
London rises from £80 to £120 a year by £6 incre- 
ments. The salary of art masters rises in the same 
way from £175 to £200, and of mistresses from 
£1& to £150 a year. 

The following is the scale of pay of special subject 
teachers in London evening schools. 


BATE OF PAY IN LONDON EVENING SCHOOLS 
FOE MEN TEACHERS 

Subject. 

Evening 

SOHOOIS. 

(For evening of 

2 hours.) 

COXXEKCUL 

Centres. 

(For evening of 

S home.) 

Regular teaching 

78., or £13 fle. 8d. 

15b., or £25 

Assistant teaching 

per ann. 

56., 4s. 

per ann. 

Science and Art 
and Commerce 

6b. 

7s. 6d. 

Special Commer- 
cial subjects . . 


lOs. 6d. 

Manual training 
and Crafts 

58. 

78. 6d. 

Gymnastics 

7b. 6d., 56., 4s. 


Swimming . . . . 

6s., 5b. 


Literature . . . . 

108. 6d. 

— 

Nursing, etc., by 
doctors . . . . 

£1 Is. 

i 

FOR 

WOMEN TEACHERS | 

Swimming . . . . 

5b. 



Cookery and 
Laundry . . . . 

5b., 4e. 

■ 

Housewifery 

66., 56. 

— 

Nursing (trained) 

106. 6d. 

— 


IiriHiectoni. There are two educational 
inspecting authorit'es — besides the Treasury, which 
employs a very small staff — the Board of Education 
and the Local Authorities. The inspeotorate under* 
the Board of Education is a branch of the Ciiril 
Service outside the scope of this article. We may 
mention that the qualification is a first-class degree 
at Oxford or Cambridge, and the salaries rise &om 
£200 to £800. 

InspeotorshipB under the Local Authorities are 
generally giv^ to teachers — ^usually those in the 
employ of the authority. A certain amount of 
teaching exp^nenoe is essentiaL 

The position and salary of an inspeotor is about 
on a par with that of a seoondai^ aohool head 
teacher. Inspeotors under the uGLCL receive 
from £250 to £800 a year. School attendance 
officers. £80 a vear. 




•OMOLMnO raOTBMIOm 


Two scholastic movements in particular stand 
out very clearly before the observer of the present 
day. One is the improving social position and 
increasing salary of teachers in every grade ; the 
other is &e growing popularitv among teachers of a 
traini^ ooll^ course, and the increasix^ number 
of trained teachers in the profession. It is im- 
possible to resist the conclusion that there is some 
connection between the two tendencies. 

Future Prospects. In the past, the school- 
master has been commonly looked upon as a failure. 
He has received the miserable wage of a man 
who has failed in life ; and this attitude of the 
public was too often justified by the facts. The 
scholastic profession has suffen^ in the past, 
and still swers in a less degree from being the 
diunping ground of able men with no definite aim 
or purpose in life. The existence of these men, 
unfitted by special training for any serious pro- 
fession, has b^n dangerous and detrimental to the 
teacher who took his work seriously, no less than 
to the pupil whose education was imperilled 
through the incompetence of such men — good 
scholm though they might be— oither to tea^ or 
to maintain discipline. 

It is at last being recognised by the public that 
a teacher's vocation is a high one ; that he is a 
labourer worthy, not only of better hire than he 
has generally received, but of the respect of aU his 
fellow workers in whatever field. But the teacher 
must remember that the maintenance of this respect 
depends on himself. The public take a man, and 
his work, at his ovm valuation, and the teacher 
can claim the respect of this generation only so 
long as he does his duty to the next, entering the 
scholastic profession not merely to earn a living, 
but with a full sense of his high calling and a set 
purpose to raise and educate mankind in the pupils 
committed to his charge. 

SECRETARIES 

Private Secretariee. The profession of 
a private secretary may be classed as scholastic, 
not so much because his duties are educative — 
though more private secretaries than one are 
engaged, either tacitly or overtly, in the education 
of their chiefs — as bwause no particular technical 
training is required for the secretarial life. There 
is no one branch of knowledge in which the private 
secretary must excel, yet he should be in some 
sense acquainted with them all. The berth is pre- 
eminently one for a man with good general ednea- 
ti<m and some knowledge of the world. It is one 
into which some men (kift almost by accident, to 
remain there all their lives ; while others use it 
as a stepping stone towards a more satisfactory 
position. 

The Amanuensis. Broadlv speaking, there 
are two classes of secretaries. The first is essen- 
tially a letter writer, a very necessary adjunct to 
every wealthy man much occupied with affairs ; 
the second is an incidental luxury in literary and 
political life. The duties of a secretary of the 
first class are in many cases heavy, and the pay, 
except for rare and fortunate individuals, low. 
Such a secretary is, in fact, a clerk of more or less 
skill and responsibility ; he has a clerk's duties, 
a clerk's jiosition, and rather less than most 
clerks' prosj>eot of promotion. 


Still, if a man can ’be^iatisfied, for a time at least, 
with an income of £100 to £150 a 3 rear, he may do 
worse than become a clerical private seoretaiy. 
There is always a chance of impressing his chief 
with his ability and character, and so securing 
transfer to a more responsible post. 

Qiialiftcatlous and Position. The quali- 
fications required by a secretary of this class are 
substantially those of a clerk in a City office. He 
must have some knowledge of typewriting and 
shorthand, a printable appearance, and sufficient 
acquaintance with the English language to be able 
to write a good letter. Above all, he must be able 
to produce evidence of high character, and must 
show himself possessed of common-sense. His 
employer wishes to be relieved of responsibility 
in the smaller matters of everyday life; and a 
secretary who can he trusted to look after things 
intelligently on his own accoimt becomes indispens. 
able to a busy man. He can make his own terms 

On the other hand, a secretary of this class must 
be at the beck and call of his master. Not in- 
frequently he lives in the house, and is hardly fret* 
from duties, morning, noon, or night ; no Factory 
Act applies to his employment, and no code 
defines his social )>08ition. Altogether it is a 
strenuous life, and a poorly paid one. * 

The Political Secretary. But the posi 
tion of a secretary of the second class is very 
different, and far more satisfactory. To liegin 
with, he is a luxury, and the market for luxuries 
is somewhat inflated at present. If he be wise, 
he knows himself a luxury ; but if he be skilful, 
his master thinks him a necessary. 

The salary of such a secretaiy is from £200 to 
£500 a year, and his social position is not so far off 
his chiefs. Many parliamentary private secre- 
taries are less the servants of their immediate 
employers than apprentices to the game of politics, 
just as the editor's private secretary' is an apprentice 
to journalism. 

Posts of this class, however, are not so easily 
found as the ones before described. A luxury is 
expected to be a highly-finished article, (renerally 
a parliamentary secretary is an Oxford or Cambridge 
man, though some of the most successful ones have 
not been through the university. But whatever 
his training, the qualifications of such a secretary 
are varied and peculiar. 

Lord Brougham said once that the King knows 
as much law as his chancellor, but the chancellor 
knows where to find it. Even so the secretary — 
facts and figures, books and blotting-paper, he 
must know where to lay his finger on them all. 
Beyond this, unless he uTites letters, which many 
do not, he holds something of a sinecure, and that 
not ill-paid. 

To tne avera^ educated man, no training could 
be more valuable than a year or two as private 
secretary to some prominent M.P. He meets many 
important people ; he appears occasionally on \m 
chief's platform, and learns to face an audience 
without quailing. When duties press heavily on 
the Memter, the secretary may be charged to make 
notes for a speech in the House, and so tftke a turn 
himself at the helm of the vessel of State. 

And the field is an open one. Some posts, of 
course, go through influence, but the central party 
agent can always find a berth for a man who 
impresses him fayourably. 


Scholastic Pbof£Ssio5S conclude ; followed by The Chubch 
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'T'HE term “ Photo-en^aving ” comprises all 
* methods of reproduction for printing in which 
photography takes the part of the artist in the 
older and more costly processes, such as engraving 
on wood and steel, or drawing on stone. The 
various methods us^ for the production of news- 
papers, books, picture postcards, etc., can be 
classified as follows : (1) Line process ; (2) half-tone 
process ; (3) photo-lithography ; (4) three-colour 
Iirocess ; (5) collotype ; (6) photogravure. 

MaKing Line BlocKa. The first of these 
is the most simple. It is used for the reproduction 
of pen and ink sketches, and such prints or drawings 
as contain only black and white, with no inter- 
mediate half-tones. The original print is put on 
a copying board in front of a camera, and a negative 
is made in the ordinary way [gee Photography]. 
In making a line negative, it is necessary that the 
lines should be perfectly transparent, and the 
background as dense as possible. For this puryiose, 
the old-fashioned collodion, or wet plate process is 
recommended, as it gives crisjier and sharper 
lines than dry plates do, owing to the thickness of 
the gelatin in tne latter. CkiU^ion is prepared by 
dissolving pyroxylin (guncotton) in a mixtm-e of 
ether and alcohol, the proportion of which is 
governed by the weather (about 200 grammes of 
pyroxylin, ^ grammes of ether, and ^ grammes 
of alcohol). In summer, for instance, more other 
will have to be used, as it evaporates very quickly. 
To this solution is added a quantity of iodide and 
bromide salts (about 70 grammes ammonium iodide, 
2«5 grammes of cadmium bromide and about 
20 grammes calcium chloride). The collodion thus 
prepared should be allowed to ripen for a few days, 
it can be obtained ready mixed. 

Sensitising and Developing Collo- 
dion. A glass plate is then carefully cleaned by 
immersing in weak nitric acid, and polishing after 
drying with a chamois leather and a paste of 
prepared chalk and methylated spirit. The edges 
are coated with indiarubber dissolved in benzol, 
to prevent the film peeling off. The collodion is 
then poured on to the plate, drained off at one 
corner, and gently moved about to allow the ether 
and alcohol to evaporate [1]. Whilst still slightly 
moist, the plate is immersed in what is called the 
silver bath, a solution of nitrate of silver in water, 
to which a few grains of nitric acid and iodide of 
potash have been added. As this makes the 
collodion sensitive to light, it is essential that this 
operation should be carried on in the dark-room. 
Tjie silver bath should also be kept covered. 

The exposure is regulated by the nature of the 
original ; thus, under-exposure will cause the lines 
to spread, whilst over-exposure will cover them up, 
BO that it will be impossible to get a clear print 
of the negative. After exposure, the plate is 
developed with a protosulphate of iron solution in 
water, of wliich the following is a formula : 64 oz. 
water, 4 oz. iron sulphate, 4 oz. acetic acid, 1 oz. 
to 4 oz. alcohol. Methylated spirit has been added 
to make the developer flow over the plate, as the 
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latter is rather greasy and rei>els W'ater. Acetic 
acid is also contained in the developer ; it clears 
the image and prevents scum forming on the surface. 
After washing, the plate is fixed with cyanide of 
potash or hyposulphite of soda. 

InteoiBifying and Printing. To make 
the background denser, the negative is intensified 
by immersing it in ]>erehloride of mercury solution, 
and blackening it afterw.lrds with ammonia if the 
lines are delicate. If they are fairly coarse, a 
solution of equal parts of bromide of potash and 
sulphate of copper in water can be used, and after 
washing, nitrate of silver solution. This inten- 
sjfier is more powerful than the previous one, and 
gives the operator a better chance of rectifying 
mistakes. A solution of iodine and iodide of 
potash is now poured over the plate, which is 
washed and then cleared with weak cyanide of 
potash. This is the time to remedy slight imperfec- 
tions, cither in the preparation of the plate, or in 
the exposure. The plate is then blackened with 
hyposulphite of ammonia or sulphide of sodium. 

The negative taken in this way is printed on a 
metal plate wliioh has been carefully cleaned with 
pumice powder. Before this is done, another point 
has to be considered. The print on the metal 
itself w’ould be exactly like the original drawing, 
consequently a print off this plate would be reversed 
on the paper, like an image seen in a mirror. To 
avoid this, the film either has to be stripped off 
the glass plate, reversed, and put on to another 
glass [this is described under Collotype], or the 
picture has to be j)hotographed in the first insiivnce 
through a prism, or by means of a silver mirror, 
which can be attached to the camera in front of 
the lens at an angle of 45® to it. It may also hero 
be added that, though daylight can be used in 
exiKising the negatives, or printing on metal, 
electric light is used by all the photo-engraving 
houses, as it is less subject to variation. 

Printing on the Block Plate. We now 

come back to the metal plate, which is sensitised by 
a solution of iwtassium or ammonium bichromate 
in water, to which white of egg has been added 
(1 egg to 5 oz. of water, 10 grammes potassium 
biclu-omate, and a few dro{>s of liquid ammonia). 
The plate is fixed on to a whirler, coated twice, 
and dried over a gas stove [2J. It is then exposed 
behind the negative in a printing frame, just as a 
piece of silver pa|)er would bo in ordinary photo 
graphy. A few minutes are sufficient to make the 
albumen and bichromate on the exposed parts 
insoluble in water. The plate is then rolled up 
w'ith a stiff, fatty ink which has been thinned by 
means of a volatile oil, such ns oil of lavender. 
After letting the oil evaporate, the metal is put 
into cold water, and the surface gently rubbed 


with cotton -wool. This takes off the unexpoaed 
bichromate and also the ink adhering to it, and 
only leaves the coating and ink on t^ expos^ 
parts — that is, the lines of the picture. The plate is 
now dried and covered with powdered bitumen, 
which sticks to the greasy ink and is dusted off 
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the plain pants ^ith a camel hair brush. It is 
heated until the bitumen melts’ and forms a 
protection for the picture against acid. 

Etchin;; and Finishing the Line 
BlocK- The plate is now ready for etching, 
but before it is }mt into the acid trough, the margin, 
back, and large o|)cn spaces in the picture should 
be covered up with shellac dissolved in methylated 
spirit, so that no acid need be wasted in etching 
metal which can bo cut away quickly enough by 
machinery afterwards. For etching, the plate is put 
into an earthenware trough containing weak nitric 
acid, and gently rocked. After a little while it is 
taken out, and the acid-resisting surfju'e strengthened 
by means of soft litho ink, with which it is rolled up; 
a soft nap roller is best used for this pur}X)se. The 
plate is then duste<l in with dragon's blood or bitu 
men and carefully brushed in four directions. 

Rinsing under the tap will remove any particles 
of dust on the plain zinc, leaving only those 
that have stuck to the soft ink. The latter spreads 
.slightly over the edges in the subsequent heating 
over a gas stove, and thus prevents the acid under- 
biting the lines. Care should be taken not to 
overheat the plate, as it will make the ink run too 
much. This process is repeated until the plate 
is etched deep enough — that is to say, till the lines 
stand out sufficiently from the ground to print well 
on the letterpress machine. All ink is then washed 
off with hot potash or turpentine and the plate 
rolled up again, this time with a very stiff ink and a 
glazed roller. This is done to get rid of the shoulder 
which has formed in getting the depth. One or 
two of these finishing baths are generally siifficient 
if the plate has been etched well, When all the 
shoulder has disappeared, ^he plate is cleaned 
again, the shellac scraped off the back, and the 
block is ready to be mounted. For this pur|>ose all 
metal forming the margin or open 8]iace8 in the 
picture itself is cut away either by n fret saw or a 
routing machine, and the plate is tacked on to a 
piece of oak or mahogany which is afterwards ])laned 
down to the exact height of tvfie — that is, nearly j {;th 
of an inch. The block is now tmished. Ground tints 
are laid on line blocks by mei-hanical means before 
etch ng to give shading to them jSj. 

Half-tone BlocKs. The next process, 
called half-tone, is much more complicated. It is 
used for yiictures which have no shar]i and black-and- 
white outlines, hut ;i variety of tones more or less 
gradually blended intc» one another, M'hich cannot, 
therefore, be reproduced by line. As the machine 
will only print a level surface, it is necessary to 
produce a block, the surface of which, whilst j)cr- 
fectly level, must Ik* regulaUHl so that light and 
shade are expre,ssed by a kind of grain in relief, which 
is very close in the sh^idows, and oj)ens up as it 
gets lighter in tone. 'J he simplest way to produce 
such a grain is tojihotograph it at the same time 
as the picture. For this purj»ose there are on the 
market so-called “ screens,” which are produced 
by ruling lines diagonally on glass plates, then filling 
these lines up with lampblack, and placing two such 
plates together, to forma net. When photographexl 
a short distance behind this screen, the negative 
will show the picture itself, cut up all over by a net 
which varies in strength, according to the nature 
of the image. Thus, on the negative the darkest 
parts will sliow a strong transparent net with tiny 
solid dots in the centre. This net gets thinner as 
the tones go lighter, till in the highest lights only 
transparent dots will remain in a solid net. The 
fineness of the grain itself is varied according to the 
nature of the work. For poster work, for instance. 


the screen will contain about 25 lines to the inch ; for 
newspaper ad vertis’ng a 6') s^ireenis ccmnionly used; 
most of the Self* Educator illustrations are printed 
from blo;ik8 with 110 lipes to the inch; w'hilst for 
finest bookwork 400 can be used. A photograph of 
aerat/Cd-w.»t3r sy.up tanks is reproduced in 4 in 
four different s. Teens. 

Exposure Through the Screen. Great 
care has to be taken to give the plate exactly the 
right exposure to light. It is best to use square 
diaplu-agms, or others with extended corners, as 
these give a Rf|uare dot in the tones, which etches 
better on the nmtal than a round dot. It is also 
advisable to flash a while card in front of the 
picture for a few seconds, to give more body to the 
dots in the dark parts. It is not advisable to have 
the latter too black, as too much detail is lost that 
w'ay. The negative is then developed, fixed, and 
intensified, in the same manner as a line negative. 
After intensification, M'hen the negative is cleared 
with weak cyanide of potash, a good photbgru f >her 
can even improve on the original, especially if it be 
dull and flat, by forcing the shadows a little, or by 
etching those parts of the negative which lack 
brilliancy. A good negative should contain fine pin- 
|K)int dots in the shadows, a square dot, with ex- 
tended corners that join on to the next, in the middle 
tones, and fairly fine, transparent dots in the high 
lights. If no prism or mirror has been used, the 
j)late is stripped and reversed in the same way as a 
line negative, and the surface can afterwards be 
protect^ by albumen, gum, or thin gelatin solu- 
tion poured over it; then it is drained and dried. 

Sensitising and Etching the Half- 
tone Plate. The sensitising solution for the 
metal plate consists of fish glue, ammonium bi- 
chromate, and water ; sometimes ammonia or 
white of egg is added. (Formula : 1 oz. clarified 
fish glue, 2 oz. water, ffO gr. ammonium bichromate.) 
The cop|)er or zinc is cleaned very carefully with 
pumice powder or charcoal, coated, and put on a 
whirler. It is then turned slowly over a covered 
gas flame till the coating is ]>crfectly dry, and 
exjK).sed behind the negative for a few minuU^s. 
Then it is tiiken out and put into cold water, which 
dissolves the fish glue and bichromate where not 
ex]W8ed to the light. To show more clearly what the 
result is like, the plate is put into a solution of some 
aniline dye, which shows ii]» the picture. Under- 
ex]> 08 ure makes the film come off the metal, whilst 
over-exposure fills uj) the dots in the dark parts. If 
rightly exj>osed, the ])latc is rinstnl and dried. After 
this it is held over a gas flame and ” burnt in.” 
The image will at first vanish altogether, but gradu- 
ally reajqiear, till it has reached a rich reddish 
brown colour in the darker parts and a silvery bluish 
tone in the high lights. It is then cooled off, and is 
ready for caching. If a black line is wanted round the 
picture, it can now he drawn with thin litho ink. 

For etching, the plate is shellacked at the back 
for protection. Copper plates are etched with 
perchloride of iron at about 40"* Beaum^;; zinc 
plates in a weak bath of nitric acid, with some 
pyroligneous a^^id and sal ammoniac added (For- 
mula : 5 oz. water, fi oz. nitric acid, 1 oz. sal 
ammoniac, 1 oz, pyroligneous acid), to counteract 
the action of salts formed by the lead, etc., always 
contained in commercial zinc. The plate is left in 
this bath till a sufficient depth is reached, and the 
darker parts liegin to open up. It is then taken out* 
and proved on a hand press. If it is found that some 
parts require more etching, those that have hod 
sufficient are covered up with litho ink, and the 
process repeated until no more etching ie necessary. 
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Any spot or faults are then engraved by hand, and 
the plate is ready for mounting as described above. 

Photo-lithography. Photo-lithography is 
really a part of the half-tone process. In the 
ordinary way a print from a half-tone block can 
be made on a special transfer paper with litho 
ink, and then transferred on to the stone It is, 
however, quicker and less 
costly to make a print direct 
from the line or half-tone 
negative. The half-tone nega- 
tive made for this purpose 
must be stronger in contrast 
than the negative for half-tone 
process on metal, as no sub- 
sequent etching is possible on 
the stone. The line negative 
need not be altered. Neither 
must be reversed, as they are 
not printed on the stone 
direct, but on paper first, 
which reverses them on to 
the atone. The transfer paper, 
which has a gelatin or 
;dbumen surface, is immersed in 
bicliromate of ammonia, and then dried. It is 
exposed behind the negative in the usual way, and 
then rolled up and developed exactly like a line 
]>Iate. When dry it is ready for transferring to the 
stone. 

The Physical Basis of Three-colour 
WorK. The next process, called three-colour work, 
is also a half-tone process, 
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These three colours are, therefore, called the 
fundamental cdlours. If all the three nerves are 
acted on simultaneously by light rays, we see 
white. 

Pigments absorb colour rays. Now we must dis- 
tinguish from light-emitting substances those which 
only reflect or absorb certain rays. Some absorb 
parts only, and reflect others, 
which combine together in a 
colour mixture, and thus give 
us the impression of colour. 
Substances, either in a solu- 
tion or a powder, that ab^rb 
certain rays in a high degree 
are called pigments or dyes. 
To distinguish them it is 
necessary to keep in mind 
that a colour ray emits light, 
whilst a dyestuff only reflects 
borrowed rays. 

The Principlea of the 
Process. For commercial 
purposes it is essential that a 
colour reproduction should be 
made with as few printings as possible to avoid 
expense ; and it has been found that by mixing 
three pigments nearly all colours can be repro- 
duced.* These printing inks must be very i3ure and 
also fairly permanent if ex]>osed to light. It will 
suffice here to say that the inks adopted are a 
yellow, red, and blue, which are a compromise 
between the various conditions 
The 


but, as the name indi- 
cates, has for its object 
reproduction in colours 
instead of in black and 
white only. Before going 
into the process itself, it 
will be necessary to ex- 
plain a few things about 
light and colours in 
general t**©© PiiYstcs, 

]nige 243 IJ. According 
to the now universally 
accepted theory, light is 
the vibration of the 
ether. A luminous body 
sends out waves of light 
in all directions, waves of 
different length striking 
the eye as differently 
coloured light. By being 
struck simultaneously by 
waves of different length, 
the retina receives the 
impression of white light, 
which is no single colour, 
but a mixture of colours. 

In the same way, if one 
series of rays be re- 
moved, the rest will 
strike us as one colour 
only. 

All the spectral rays 
need not, however, bo 
contained in the white 
light, as a suitable choice of two will give the 
same impression. These are called complemintary 
colotu's — as, for instance, red and blue-green, orange - 
and cyan- blue, etc. According to Y’oung’s theory 
there are only three kinds of nerve fibres in our 
eyes sensitive to light, and these communicate to 
us the primary sensations of red, green, and violet. 
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next thing is to 
produce negatives to 
correspond with these 
inks. They must show no 
action of light in those 
parts where the colour of 
the original corresponds 
with the ink, and the 
shades arrived at by 
blending this colour with 
the other two primary 
colours must be repre- 
sented by gradations in 
the negative governed 
by this first colour. We 
must, therefore, excludi^ 
light rays of the par- 
ticular colour which must 
be transparent in the 
negative, and only let 
those rays act on the 
plate which are absent 
in the reflected light of 
the pigment. Thus, for 
the red negative the plate 
must be sensitive to 
green, and equally for 
the yellow and blue 
negatives the plates 
must be sensitive to their 
respective complemen- 
tary rays. To exclude 
light not wanted we have 
to employ so-called light 
filters. These consist of 


tanks from in. to | in. wide, which ere filled with 
aniline dyes in solution. The correctness of these 
dyes is tested with the spectrum. They have to 
correspond with the light-sensitive qualities of the 
plates used. 

Dry and Emulsion Negatives. The nega- 
tives can be made with dry plates or emulsion. 
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For the former there are various brands of plates 
on the market 8[)eoially pre])ared for th^ purpose. 
For the latter. Dr. Albert's emulsion is now generally 
used. It may be added here that though the latter 
gives much letter results it requires great cleanli- 
ness, and cannot be worked in the same room, or dark 
slide and camera, as the collodion process, as any 
free nitrate of silver iq^scts the emulsion. There 
are days when the emulsion cannot be worked at 
all, and as its com|X)sition is a secret, it is almost 
impossible to find a remedy for an unknown 
cause. 

The first negative to be made is the one for the 
yellow print. Any ordinary dry plate will do for this, 
as it is not sensitive to yellow, while the lack of 
red sensitiveness is partly compensated by the 
ultra-violet .sensitive qualities of the j>late. For this 
reason no filter is neces.sary to exclude yellow rays. 
A tank containing Hiichstcr new blue 1 : 5.000, or a 
dry gelatin filter can, however, be used if the 
expostire is very long ; otherwise the filter is merely 
filled with ordinary water. 

A set of dry filters can be procured at any house 
supplying materials for photo-engraving ; but 
liquid filters are preferable, as they can be regulated 
very easily if they are not quite true. The best 
jK>sition for them is directly behind the lens. As they 
deflect light it is l)e8t to focus the original after 
they have been inserted. Plain emulsion, with a 
standard glycin developer (IJ minutes’ develop- 
m(;nl), or ordinary collodion, can also be used for 
the yellow plate. The emulsion process corresponds 
with w’ct plate in every detail, except that the silver 
bath is left out, the plate being sensitive to light 
M'ithout it. The coating has to be done in the dark, 
where the emulsion, itself must also be kept. 

The Negatives for the Red Printing. 

For the second negative, for red printing, a plate is 
coated with emulsion, ns before, but afterwards 
sensitised with sensitiser “ A ” (diluted 1 : 10), by 
floating it over the plate twice ; or it can be mixed 
with the emulsion (1 : 10). For this purfwse it is 
gradually added in small quantities, and shaken 
vigorously after each addition. Sensitised emulsion 
must be kept cool, and well shaken before coating. 
It must, however, be used up quickly, as it will not 
keep long, and increases in speed as it gets older. 
As the plate is very sensitive to light, only dark- 
red light may l>e used in the dark-room. Before 
developing, the plate must be well washed under 
the tap. The filter used is picric acid, about 1 : 1,0(X), 
or a corresponding dry filter. For gelatin plates, 
cither orthochroinatic or panchromatic plates can 
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be used. Acid green and bichromate of potash 
solution serve as filter, or a dry filter can be used. 

The Negative for the Blue. For the third 
negative, for blue printing, emulsion is used, mixed 
with “ C ” sensitiser in proportion I : 40. This is best 
worked in complete darkness, or with ver^’^ dark 
green light. The plate must be w'ashcd before 
exposure. This emulsion will kee)> in the sensitised 
state. A mixture of 6 parts Biebrich’s scarlet 
(1 : 1,000) and 10 parts aurnntia (1 : 1,000), serves 
as filter. The same filter will do for red-sensitive 
or jmnchromatic dry plates. It is possible to get 
plates highly sensitive to colour by taking ordinary 
dry plates, and sensitising them with essine, silver 
cyanine, etc. ; but the beginner will have sufficient 
difficulties with ordinary plates, or with emulsion 
without experimenting any further. 

Another point which lias to lie taken into con- 
sideration is that if the angle of the half-tone screen 
is the same in each negative, a very peculiar effect 
will be given to the finished block, for the three grains 
will form what is called a Scotch plaid pattCTn. This 
difficulty is overcome by using two screens— one 
ruled al 45®, the other at 105®. For the third 
plate, the second screen is reversed, giving the 
angle of 30®. As the cost of screens is consider- 
able, a circular screen has Ixjcn constructed, which 
can be turned to any angle required, and thus the 
exjiense of a second screen is obviated. 

T’he ratio of the ex]>osure for the three plates is 
alKuit 1:2:8, but varies considerably according to 
the original. The etching, etc., is exactly as in 
ordinary half-tone process, but, of course, after the 
first etch, a rough proof in three colours has to lie 
made, to judge whether, and how much, further etch- 
ing is necessary. With emulsion it is necessary to 
fia?h white card for the dark parts, as in half-tone 
process. This is not done with dry plates. 

Collotvpe Reproduction, This is a purely 
photographic process, based on the fact that bi- 
chromated gelatin not only becomes insoluble 
when exposed to light, but also retains greasy ink 
which it otherwise repels. The grain neoiissary for 
the gradations of the tones is caused by the reticula- 
tion of the film itself. 

In the first place a negative is procured either 
by dry plate or collodion process. If not taken 
through a prism or from a mirror, itmustlK? reversed. 
This is very simple with collodion. The film is cut 
round, the negative put in water, and a piece of 
paper squeegeed on. The film comes off the 
glass easily, and is transferred to another sheet, 
and then back to a clean glass. Should the film be 
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too weak to stand this operation, it is first coated 
with a solution of Para rubber in benzol ; then, after 
drying, with ordinary fairly thick collodion. Dry 
plates give more trouble to reverse, as the film does 
not come off the glass easily, and stretches con- 
siderably. To avoid this, the gelatin must be 
hardened with alum or formic acid. To make it 
leave the glass, it is soaked in a mixture of hydro- 
fluoric, acetic, and citric acids, to which glycerin 
has been added. Instead of glass, the film can be 
reversed on to celluloid sheets, which, besides other 
advantages, are lighter, and take up less room. 

Preparing the Collotype Negative. The 
negative is then marked off with strips of very thin 
tinfoil about an inch wide. This is best done on a 
retouching desk, where the picture is carefully 
squared up with pencil on the film side, and the 
tinfoil stuck on. The latter must be the very 
thinnest to ensure contact when printing. That 
the edges must be absolutely square and sharp is 
obvious. The negative itself must be full of detail 
and very soft. 

The next thing is to get a suitable support for the 
gelatin, from which the negative is to be printed 
on the machine. For this purpose, either glass or- 
metal plates can be used. If glass is taken, one side 
of it must be carefully grained to give the film suffi- 
cient grip. This is done by putting emery paste 
between two glasses and moving them about gently 
till an even grain is arrived at. It should be neither 
too fine nor too coarse. The plate itself must be about 
J in. thick, to avoid broaka^s, and the edges should 
Be bevelled, as they might otherwise cut the inking 
rollers in the machine. Copper, zinc, or aluminium 
Ciin also be used. Zinc is cleaned with emery powder 
and a brush, and then passed in a weak nitric acid 
and alum bath. (Formula : GO minims nitric acid, 
1 quart water, and 1 oz. alum.) Copper is ground like 
a glass plate, and aluminium is treated with weak 
sulphuric acid (1 : 31) or with a strong potash bath. 

Glass, before being coated, has to have a 
substratum of albumen and potassium silicate. 
(Formula ; 7i parts albumen, 3J parts of potas- 
sium silicate, and 9 parts of water.) Instead of the 
albumen, stale beer may be used. The mixture is well 
beaten up and filtered, and after dusting the plate, 
is poured on, drained off, and dried. The plate is 
then washed to remove superfluous silicate, and dried 
again. Before coating, the plates are evenly heated 
to about 120°, great care ueing taken to prevent 
them from sweating. This is beat done in a drying 
oven on a levelling tripod, where the plates are also 
dried after coating. 


Coating the Plate. ' The solution consists 
of gelatin or isinglass, some bichromate salt, 
ammonia, chromic alum and water. The gelatin 
should bo fairly hard, os this gives the plate a longer 
life on the machine, though it gives more trouble 
in etching. Both bichromate of potash and 
ammonia are used. The proportion of the two is. 
ruled by the fact that the former is slower than 
the latter. A plate coated with the two gives 
more detail in the dark parts, and more definition 
than if one salt only is used. The proportion 
of the bichromate to the gelatin is defined by 
the salts crystallising out, if in excess. The pro- 
portion of gelatin to water is about 1:10, and 
a little chromic alum is added to avoid excessive 
relief. The gelatin is first swelled in cold water, 
and the salts used are dissolved in another vessel. 
The gelatin is then heated, but not more than from 
120° F.to 14(j® F., and the salts are gradually poured 
in and stirred. The solution is then filtered through 
chamois leather, if possible by a filter pump. 
The solution must be kept warm during the 
filtering and coating. The plate is fixed on a 
tripod and warmed, as previously described, and 
the liquid poured on. It may be guided a little 
with a clean glass rod to spre^ it evenly over the 
plate, and the utmost precaution must be taken 
that no bubbles or particles of dust remain. 

Drying and Exposing. After coating, 
the plate is dried at about 120°. This takes 
about two hours. During and after this time it 
must be kept in the dark, as, once exposed, the 
action of the light continues and spoils the plate. 
When dry, the plate should be perfectly even and 
matt. If glossy, it shows that the gelatin was 
too cold. Any vibration or cold draught during 
drying will be shown by wavy or streaky marks. 
The plate is exposed to light in frames, exactly as 
ill half-tone process, and if several negatives 
have been stripped on to one plate, they can all be 
printed at the same time. All waste space between 
pictures has, of course, to be masked with tinfoil. 
For exposure, it is b^t to use an actinometer. 
If glass plates are used, an additional short ex- 
posure to the plate from the back is advisable, 
ns this gives the film more hold on the glass and 
prevents excessive relief of the picture. 

The plate is then washed in cold water, till all 
unexposed bichromate is removed. This takes 
about two hours. The subsequent drying also 
takes a few hours, but at least a day should be 
allowed to pass before the plate is put on the 
machine, to give the gelatin time to harden. 
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The So-called •‘JEtch/’ The plate is then 
put into a bath of water, glycerin, and salt, ammonia 
Deing sometimes rsed instead of the latter. The 
object is to make the plate absorb moisture. This 
is called an “ etch ” (though it is nothing of the 
kind). It is done to enable those parts which have 
been exposed least, and which, therefore, absorb 
more water, to retain the smallest quantity of 
fatty ink in the printing, whilst the fully exposed 
parts hardly absorb any water, and therefore retain 
nearly all the ink. After about half-an-hour, the 
plate is taken out and wi]3ed with a sponge and 
dabbed with a clean rag to dry it. The inK used 
must be very stiff, only thinned down with a little 
varnish. It is rolled up very carefully with a map 
roller till the plate, which will not take imy ink at 
first, looks black all over. It is then rolled with a 
composition roller, which cleans it up, and is now 
put into the press. An albion, lithog aphic, or even 
a letter-copying press will do. It is best to put a 
few sheets of paper under the plate to prevent 
breaking, and to back the proof sheet with blotting 
paper. If on the proof the shadows are filled up, 
and the high lights are dirty, the plate is clean^ 
with tur[)entine, and re-etched. This is rc|ieated 
several times until a satisfactory result is obtained. 

Skies or dirty margins are cleaned up by etching 
the plate with a weak cyanide of potash, or a strong 
hyi'o solution, on a brush. If the plate is wanting 
in contrast, an etch is given without cleaning the ink 
off. For a short run, the plate margins can be masked 
with oiled paper instead of being etched with cyanide. 
When a proof shows a satisfactory result, the plate 
is ready to be put on the machine. 

The Art of Photo^avure. Photogravure 
is an intaglio process — mat is to say, the surface 
of the plate does not re]>reMent the ])icture, 
as in all the other processes, but when the ])late 
is inked in, the surface itself is wijied clean, and 
the picture is produced by the paper l>eing pressed 
into the crevices to pick uj) the ink. Tlie ]»roce8s 
of producing the plate is not complicated, but 
requires great skill in the final stages, and a good 
deal of artistic sense and judgment. 

In the first place an ordinary negative is made 
from the original, and from this a transparency 
either on a dry plate by contact (and if another 
size is wanted, in the camera), or on a pigment 
paj)er. For the latter pur]xise, a so-called nutogravure 
ti.ssue is procured. Of the two kinds, it is better 
to procure the one not sensitive to light, as the 
other docs not keep. Hefore use, it is sensitised 
in a bath of bichromate of imtash and water with 
a little ammonia added, for about three minutes. 
A piece of ])late glass is then carefully cleaned, 
nibbe<l over with French chalk, coated with ydain 
collodion, and the tissue squeegeed on to it. This 
must be dried in the dark, for, wlien tissue is once 
exposed to light, the process of making the gelatin 
insoluble continues. The negative is then safe- 
edged — that is, all the edges of the picture are 
covered with strips of black pay»er or black varnish. 

Another glass plate is then cleaned, coated with 
bichromated gelatin, and, after drying, exfiosed to 
light, to make the gelatin insoluble in hot water. 
This is to serve as support to the tissue during and 
after development. The tissue is then exposed to 
light behind the negative, and as this carbon 
process cannot lie watched, an actinometer must 
be U8^ with a piece of P.O.P. Fir-st the speed of 
the tissue (which varies according to the make) 
will have to be tested by comparing it with 
silver paper which is exi)osed simult meously. 


After exposure, the paper is put into cold 
water till it loses all tendency to curl. It is then 
squeegeed on to the gelatinised plate, and after 
standing for a few minutes, is developed in water 
at about 120' F. The backing paywr will then 
come off easily. The water is now renewed, nnd 
the picture can be dried as soon as it has been well 
developed and all soluble matter removed. Under 
or over-exposed plates will bo useless, as all the 
detail must be clearly defined both in the high 
lights and shadows. 

The copper jfiate is now dnsUni in with finely 
powdered oitumen. This is done in a so-called 
“ dusting box ” containing a fan, which violently 
whirls up the dust. The copper plate, carefully 
cleaned with whiting and ammonia, is introduced 
in the centre on a large board, and the dust is 
allowed to settle. The longer the plate is left in 
the box, the finer and closer the grain will )m‘. 
The time is from live to ten minutes. The })lHte is 
now heated, and the bitumen melted on. If the 
graining is not sufficient, the plate can l>e }>ut 
back into the box again, and the process repeated. 

Finishing and Etching the Plate. For 
the next stage, a 8|>ecial aiitogravure carbon 
tissue is pre]>arod ns the one before, excey^t that 
the glass plate must not be collodionised. It is 
exymsed behind the transparency, the latter having 
been safe-edged y)rcviously. After exymsure, it is 
taken out, immersed in water, and rubl)ed gently 
with a syx>ngc to let the water soak in evenly. 
The copy)er y>late is also symnged nnd the tissue 
scpieege^ on to it, and then weighted, after backing 
it witn blotting y>ayw. It is develo]>ed as btdore 
and is ready for etching, the margins having 
y)revioii8ly been dried and varnished. 

The Bofntion for etching consists of pcrchloride of 
iron in water, the y^erchlonde having been neutralised 
with ferries oxide while hot. There should be live 
baths, varying in strength from 45° to 32° Beauine. 
These baths can be used over and over again, as 
they irny)rove with use. They will have to Ik* test(?d 
occasionally for strength. The ])late is first ])ut 
into the weakest solution (45° Beaunu^), where it 
remains till the copper under the shiulows discolours 
(about one minute). The next two solutions, which 
attack the half-tones, take about one and a half 
iiiiiiutes, while the final batlis take from two to 
three minutes resyjectively. The ydate should Ik* 
etched one minute after the highest lights have 
l)een attacked. Finally the plate is cleaned with 
carbonate of soda, the film rubbed off, and the 
margins cleaned with benzol, and brightened uy) 
with weak caustic potash and very weak sulyihuric 
acid. When the plate is quite finished, defects can 
l)e remedied by rouletting and burnishing. After 
this, the y)late is gtecl-faeed and is ready for y)roving. 

Classes and EooKs. Cl asses in the above 
processes arc held at the Polytechnic, Ilegent 
Rtreet, and the Holt Court School of Engraving, 
Bolt Court, Fleet Street, London, as well as in 
similar institutes all over the country. Useful 
books on these subjects are : “ Half-tone Process,” 
by .1. Verfasser ; “ Collotyy)e Process,” by AV. 

Fithian ; “Three-colour Process,” by A. v. HubI; 
” Photogravure,” by W. T. Wilkinson; “Manual of 
Photo -engraving,” by H. Jenkins, 1952 (Inland 
Printer Co., Chicago); “Photo-mechmical Pro- 
cesses,” by W. T. Wilkinson (Hampton & Co.); 
“Collotyy)e and. Photo- lithography,'‘ by Dr. J. 
Schraus’s translated by E. C. Middleton (lliffe & 
Son); “Photo-lithography,” by G. Fritz, translated 
by E. J. Wall, 1895 (Duwbarnand Word). 
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to say that the efforts of most growers have been 
directed more to producing isolated blooms of gigan- 
tic siz *, than to growing the plant for general effect 
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<■ »lunr of rtiiwer. 

Auratnni 

About 6 ft. 

White with yellow' 
band 

bulbifenim 

2 ft. to 3 ft 

Orange red, black 
spots 

Madonna 

tall, varies 

White 

Raster . . 

2 ft. 

White 

Tiger . . 

3 ft. , 

Red, purple spots 

Speciosum ru- 

2 ft. to 3 ft 

White, pink spots. 

i>n]m . . . . ! 

1 

crimson markings 

Orange . . 

6 ft. 

Orange, black 8|»ots 

Scarlet Martagou 

3 ft. i 

Bright red 

Elegaus 

1 ft. to 2 ft. I 

Oroiige 


It is a perfectly hardy flower, and may l>e grown 
in the garden border with the same facility as the 
dahlia. Chrysanthemums are apt, certainly, to 
be damaged by rains and frosts in the late autumn, 
but they may be protected from this by an awning 
of some light material, such as waterp oof calico. 
1 f grown in pots, they are generally transported at 
the first sign of frost into a cold greenhouse, and 
left to finish blooming there. This is the method 
attendant with least risk, and is generally adopted. 

Chrysanthemums are divided into three classes : 
Incurved, Japanese, and Pompon. The incurved 
variety, as its name implies, has all the petals 
curving inward, and overlapping, so that it some- 
what resembles a flattened ball in shape. In the 
Japanese variety of chrysanthemum the petals 
throw themselv<» about in every direction, so that 
the flower looks like the head of a mop, earning for 
it thecolloiiuial name of “ ragged chrysanthemum.” 
The Pompon is a dwarf with small, closely petalled 
flowers, rarely more than two inches in diameter. 

Growing Chrysanthemums for Cut- 
ting and Exhibition. The best soil in which 
to grow chrysanthemums is equal parts of loam, leaf 
mould, sand, and rotten manure. The young plants 
should be put in about March or April, according 
to the weather, about three feet apart every m ay. If 
they are simply to be grown for the purpose of cut- 
ting, there is no need to tamj^er with them again, 
except to give them an occasional dose of liquid 
manure, but if they are destined for show or decor- 
ative purposes in pots it is usual to remove many 
of the buds so that the whole strength of the plant 
can be con entrated upon two or three blooms, 
which will necessarily be of gigantic .size. Chrysan- 
tnemums grow’n for this purpose, however, are 
usually cultivated in pots, commencing with a small 
thumb pot, and rc potting each time into a larger 
size, until they are finally placed in nine inch |K)ts, 
which should contain the best loam, with a little 
finely powdered charcoal. It is necessary to tie 
chrysanthemums grown for large blooms to sticks, 
otherwise they will be topheavy, and fall over. 

Like so many other flowers which the nurseryman 
has taken in hand, the chrysanthemum has in- 
numerable varieties. A few of the best for general 
culture are Sole ild’Octobre (golden yellow), Madame 
I>esgrange (white), Montague (purple crimson), 
Ryecroft Glory (ycllow-shaded bronze), Vivian 
Morel (pale pink), Madame E. Roger (green). The 
last-inentiomid variety is somewhat of a freak, and 
would be grown more as a curiosity than for any 
ornamental value ; it is, however, very hardy, as 
it do€» well in many parts of Loudon. 

The “ Butto&hole ** Flower. If the car- 
nation were grown for no other purpose, it would 
always be sure of a prominent place in gardens by 


reason of its value as a “ buttonhole *’ flower. To 
be seen at its best in the open garden, however, 
it should be grown in beds or clumps. A good plan 
is to grow the bold, self-coloured sorts in beds, and 
have little clumps here and there, dotted about the 
borders, of picoteos, flakes, and bizarres. These 
last three terms are the names by which the striped 
and marked varieties of carnation are known. 

Eayeriag Carnations. A rich, loamy soil is 
necessary for the carnation. This soil must be well 
drained, and just a little sand mixed with it. The 
richer the soil the more vigorous J-he carnation, 
but on a light soil the plant will never do well. 
The chief methods of propagation are from seed, and 
by the operation known as layering [22]. Layering is 
carried out in July or August, when the plant is in 
full vigour. Select a good strong shoot near the 
ba.se of the jjant, and clean off all the leaves on 
that shoot with a sharp knife, e.vce)>t half a dozen 
at the top. Cut half way through the shoot from 
below in an almost horizontal direction, for a distance 
of about 2 in., taking care to cut through a joint in 
the stem on the way. Push the wounded part of 
the shoot into the ground, which has l)ecn jireviously 
prepared by having sand mixed with it, and keep 
it in that position by pegging it down. Special 
pegs may be procured for this purpose, but a common 
haiiq^in answers the pur|X)8e admirably. 

Carnation seed must be sown in May, in pots or 
boxes of rich loamy soil. They must be stood in a 
sheltered spot, and, when the plants show a few 
leaves, they can be put out in beds of the same 
material, and left till late autumn. If they have the 
protection of a frame during winter, many of the 
young plants will bloom the following season. 

Among the best carnations for the open garden 
are: White: Geor^ Macquay, Trojan [20 j, Alice; 
Pink: Duchess of York, Asphodel, Kndymion, Raby 
Castle, Ketton Rose ; Yellow : Miss Audrey 
Campbell: Ruff: Mrs. Reynolds Hole, Prince of 
Orange. Scarlet : The Cadi, Isinglass, King Arthur ; 
and iVimson artd Dark Red: the old Clove Carna- 
tion, Uriah Pike, Mephisto, Boadicea. 

The picotee and other fancy varieties of carnation 
are more numerous oven in variety than the good 
self colours. Six good ones are Cardinal Wolsey, 
Ladas, Perseus, Dervish, Mrs. Robert Sydenham, 
and the Czar. 

The Sweet Pea. There is probably no more 
•popular annual flower in the garden than the sweet 
pea, and certainly none which yields a more bounti- 
ful supply of bloom for cutting. It ma}’^ he had in 
practically every colour from white to what may, 
oy a very slight stretch of imagination, be called a 
black, and is of the easiest culture. The sweet jiea 
thrives in any ordinary garden soil, and may bo 
sown either in autumn or spring. Seed should l)o 
put in the ground 2 in. or 3 in. apart, and at a similar 
depth. It is customary to attribute failure with 
sweet peas to the ravages of birds, and certainly 
they do a great deal of damage. This may Im? 
guarded against to a great extent, however, by 
rolling the seed in red lead before )>utting it into 
the ground. When the young plants show them- 
selves, and are likely to be nipp^ off, the surface 
soil should be liberally dusted with soot. 

Sweet |)ea8 are usually seen in gardens trained up 
bean sticks placed against walls o * fences, or in 
clumps. A method which has recently been put 
into practice with good effect, is to sow them in 
rows, a bean stick being driven firmly into the 
ground at each end of the row. At a1x>ut 3 in. 
above the ground, a string is stretched from pole 
to pole, and the young plants lifted up, so that 
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their heads rest on the siring. As they grow higher 
and need more support, other strings can be stretched 
across and so on, until they reach their full height. 
Practically, the only support to be seen is the pole at 
each end of the row, and even this may be hidden in 
a simple way by letting a fast-growing climber, such 
as the nasturtium, Japanese hop, or canary creeper, 
run up it. Unless it is desired to save seed of any 
particular plant for future use, the flowei-s should 
never bo left on sweet peas until the seed pods form, 
os this weakens the supply of 
bloom. On the contrary, the 
blossoms should be cut almost 
before they are fully expanded, 
and then the plants will go 
on yielding a prolific supply 
of bloom right through the 
summer montlis. As regards 
sorts, all of those named 
“ Eckford ” are good, and there 
are several of these christened 
after different members of this 
famous grower’s family. Apart 
from these, a few of the best 
are Blanche Burpee (white), 

Ca])tain of the Blues, Venus 
(pink). Countess of Radnor (heliotrope). Cardinal 
(red), and Primrose (pale yellow). 

The Bulbs of Spring. It is impossible to 
overestimate the value of bulbs in the garden, no 
matter whether they be the spring or autumn 
flowering kind. At present, the former are much 
more gtuierally cultivated than the latter. This 
has bwii particularly the case during recent years, 
now that the custom of naturalising such things as 
daffodils, crocuses, snowdro]>H, and anemones, in 
the grtiss has arisen. 

Hyacinths are grown in ]>ots or glasses. For pot 
culture, a mixture of ordinary garden soil with sand 
and a little leaf-mould answers well, or the leaf- 
mould may lye dispensed with if it is not readily 
available. October is the best month to plant the 
bulbs, and they should be barely covered with soil. 
A leading firm of growers 
says : “ After ]x)tting, give 
one good watering, and 
then phice the jmjIs out- 
doors on a bed of ashes, 
cover with (1 in. of cocoa 
fibre, and letive them 
exposed to all weathers. 

When the bulbs have well 
rooted, and made about 
I in. of top growth, they 
may Ije removed indoors, 
first into a subdued light, 
until the foliage has at- 
tainod its full green colour, 
and then in the sunniest 
situation at command in 
the greenhouse or con- 
servatory. It is a good plan to place an inverted 
flower-pot over the young growths for a few days 
after being removed from the plunging bed, as by 
BO doing they are protected from possible draught. 
Abundance of air, a moderately moist atmosphere, 
and plenty of water at the roots, are then necessary 
for early well-developed flower spikes.” 

In quite small suburban houses, hyacinths 
in glasses are the rule rather than the exception. 
During the winter it is best to fill the glasses 
with rain-water to such an extent that the 
bottom of the bulb just touches the water. At first, 
keep the glasses in a dark place, filling them up with 
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water as it evaporates ; by this means, healthy root 
growth is promoted. By the time the glasses are 
nearly full of roots, they mi^ be gradually exposed 
to the sun in a window. This treatment ensures 
large and healthy trusses of bloom. Hyacinths 
which have flowered in j)ots one year, will flower in 
a border for several years in succession afterwards, 
but the resulting flowers will not be so large. 

The Narcissus (Daffodil). The daffodil 
[21] is undoubtedly the most valuable spring-flower- 
ing bulb wc have in our gar- 
dens, and there is no capacity 
in which it cannot be used. It 
may be grown by thousands on 
banks, lawns, and in meadows, 
incieasng enormously, or it 
will flourish bravely on the 
sooty window-sill of a city 
slum. The best way to grow 
it in )X)ts is to use three bulbs 
to a five-inch i>ot. The soil it 
likt^s is just ordinary garden 
soil, with a mixture of sharp 
sand. As daffodil bulbs vary 
so much in size a good general 
))lan is to plant the bulb at one 
and a half times its own depth. After flowering, the 
bulb should not l>e lifted out of the ground until 
the. foliage has quite died down ; but w'here this 
cannot be nvoide<i, owing to the ground being 
required for other purposes, they should be^ care- 
fully lifted, and re-planted in some spare corner 
until the foliage has quite withered. 

The narcissus family is divided into several 
imi>ortant groups, including the Trumpet section, the 
Star daffodils, and the Poet's daffodils. They number 
several hundred varieties, ranging in price from a 
few shillings ])er hundred to fifty guineas a bulb. 

The Brilliant Tulip. What the daffodil 
gives us in delicacy of colour the tulip supplies 
in brilliancy, and it is entitled to rank among 
the best early flow'ering bulbs. It is not, how- 
ever, adapted for culture in the grass, but does 
well in beds of soil as 
recommended for the 
daffodil. The genus is 
divided into thi*ee sec- 
tions : Early flow’ering, 
May flowering (Gesner- 
iana) and late flowering 
(Darwin). There is also 
a curious distinct breed 
called the Parrot Tulip, 
80 named for its i)eculiar 
8ha])e and colour. One 
tulip above all others 
suitable for towm culture 
is Kaiser’s Kroon, a bril- 
liant scarlet tulip with 
yellow edges; while other 
good sorts, arranged in 
of time of ^lowering, are ; the Due Van 


BEGONIAS FROM LEAVES 
A PAN 


Ophir tl’Or, Proserpine, White Swan, 


order 

Thol grou}>, U_ 

Bouton d’Or, Gesneriana Spathulata, Golden 
Grown, Royal White, May Queen, Salmon King, 
the Bride, and the Sultan, the latter approaching 
nearest to the much sought after black tulip. 

The Iris* Gladiolus, and Lesser Bulbs. 
Although different varieties of iris may be made to 
mve flowers from the beginning of the year on into 
August, the great majority of them are spring 
flowering bulbs. These are what are known as the 
Spanish and English sections. September is the 
best month for planting the bulbs, which should be 
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put in deeply in any ordinary garden soil. There 
is a lone list of sorts of all colours from white to 
nearly hlack, and splashed and marked with 
every conceivable hue. Some choice species of 
the iris include : Alata (Scorpion iris), Atropurpuroa, 
Iberica, Reticulata, and Unj^icularis. 

The spring flowering section of gladiolus bulbs 
is not a lar^ one, only one or two varieties blooming 
ns early as May. As, however, those which do not 
come into flower until June and July are planted at 
the same time as the ordinary spring flowering bulbs 
thev are best included here. Gladioluses require 
shelter from the wind, and also shade from the full 
heat of the sun. October is the best month to 


centre. It needs deep, fairly rich soil, and if the 
bulbs are planted in autumn, which is the best time 
to ensure a display of bloom the following year, 
they should be protected with a laver of fibre 
during the winter. They soon establish themselves 
and will bloom freely every year. 

The tiger flower {tigridxa) should, as far as 
culture is concerned, be treated the same way as 
the gladiolus. The flowers are six inches wide, 
brif^t red in colour with crimson spots, and the 
lant attains to a height of 2 ft. or more. Each 
ower only lasts a day, it is true, but a succession 
of flowers lasting in all nearly two months are borne 
on the same stem. 


K ' , though good results have been obtained with 
planted as late as Christmas. A layer of 
bracken or straw should be spread over them to 
protect them during the winter, while deep planting, 
say at a depth of six inches, also effects an insurance 
against damage by frost. The Bride (pure white) 
and Byzantinus (light crimson) are the Wst of this 
early flowering section. 

Citx^uses, snowdrops, anemones, .^cillas, alliums, 
dog*s-tootb violets, chionodoxa, and muscari are 
the most important of the dwarfer jprowing spring 
flowering bulbs. Their culture w exc^ingly 
simple. In fact they merely require putting in 
the garden or woodland, or wherever it is proposed 

to grow them, at any time _ . .. . 

during the months of October " 
or November when the ground 
is dry. The rule of planting m'] 

at the depth of a bulo and a M ) 

half holds good in this case. wj 1 

Autumn Flowering 
Bulbs. Just as the spring Mli 

flowering bulbs are plant^ in 
autumn, so should the autumn jRA 

flowering bulbs be planted in 
spring. With the exception 
of the gladiolus, however, the 
culture of autumn flowering T 

bulbs has been somewhat neg* ) ^ 

lected, though their presence 
would be a great help at a 19 a method OF 
time when gaitleners are apt 
to rely greatly upon the dahlia and chrysanthemum. 
It is |) 08 sible to get exactly the same effect »%ith 


19 A METHOD OF GRAFTING ROSES. 


Other autumn flowering bulbs include Crooosmas ; 
Stembergias (the best authorities say that this is 
the lily mentioned in the Bible) ; Leucojum ; the 
autumn flowering Scilla. 

The Dwarfer Flowers of the Garden. 

The proper place for dwarf flowers in the garden is 
obviously in front. Many of them are of great 
value for edgings, while others help to form a 
carpet at the foot of taller growing tilings. 

Although the violet is frequently found wild in 
the hedgerows and cojises of the country, the prac- 
tice of cultivating it, either for private use or for 
market purposes, is not a general one. The French 
grower thinks nothing of having two or even thrc>c 
^ acres of ground covered with 
violets, while the English 

( grower is content with a few 
square yards. As violets like 
shade, they are essentially 
suitable for carpet plants, and 
they thrive in any moderately 
good soil. It is well not to 
leave them for more than two 
years in the same spot, how- 
ever, as they deteriorate in 
quality after that time. They 
are beat planted in May for 
the following season's display, 
a little manure from the hotb^l 

being forked in when planting. 

rafting roses. The most popular sorts arc 
Neapolitan, Marie Louise, La 
France, the Tsar, and iVincess of Wales. Belle 
de Chatenay is one of the best white sorts. 


the crocus in autumn as it is in 8])ring. As a 
writer in the “ County Gentleman ” says ^ “ Ilioir 

culture is simplicity itself. They should be planted 
in any ordinary garden soil, and just covered with 
earth, or, if in pots as specimens, in ordinary 
potting mould. . . . The best autumn flowering 
crocuses are the Asturicus varieties, which represent 
the mauves and purples in all shades : Sativus, 
the purple saffron crocus ; Hadriaticus, pure white ; 
Zonatus, rose and orange ; and iSpeciosus, bright 
blue, recalling, when planted out in the grass, the 
l)eaiiti€s of the grape hyacinth in the spring.'’ 

The autumn floweriim gladioluses are varieties of 
the species known as Gandavensis, and they may 
be relied upon to provide those brilliant maWies of 
scarlet so often needed but so rarely seen in the 
autumn garden. It is merely necessary to plant 
them out in March in decent soil, and leave them 
to take care of themselves. They are somewhat 
shy of frost. 

The belladonna lily {AmaryUut hdladonna) is the 
most beautiful of all the autumn flowering bulbs, 
but it should only be planted on the south side of 
a house or wall, as it is not quite hardy in other 
situations. It grows nearly a yard high, wHh large 
lily-like white flowers, ting^ with piric towards the 


PannieEt Lily of the Valley, and 
Ldbelia. The pansy [17j is a sister of the viole t, ;is 
both belong to the same genus (Viola). They are 
one of the easiest garden flowers to grow, and may 
be used as edgings or to cover the surface of a 
bed of roses, or other flower. Pansies may be 
planted either in autumn or spring, the former for 
early flowering. They should be put in about 9 in. 
apart. To obtain plants from s<^ in the open air 
it should be sown in the middle of summer (say, 
July), and the little plants transferred to the 
flowering beds in the ordinary way in the autumn, 
when they will bloom the following spring, Hoth 
the violet and the pansy are subject to attacks 
from green fly, and, occasionally, r^ spider. 

The lily of the valley is so frequently seen forced 
in pots in company with other exotics in florists’ 
shops in the middle of winter that the fact that it is 
a perfectly hardy garden flower is apt to be over- 
looked. It can he grown almost anywhere, and 
suburbs near to the smoke of London appear to suit 
it well. The corpis should be planted m October, 
just at the time when the spring flowering bulb 
planting is going on, and the hed in which it is pro- 
posed to plant them should have a liberal dose of 
leaf-mould mixed with the surface soiL The oorms 
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should be placed about 3 in. apart, and just covered 
with soil, and they will start into growth in early 
spring. It is a good plan to change the position of 
lily of the valley beds, or, at all events, re-make 
them, every five years. 

The dwarf section of the lobelia familv is known 
technically as Lobelia Erinus. It is the familiar 
little blue flower so often seen as an edging plant 
in gardens, and also as a 

E rominent feature in window- 
oxes, for both of whicsh uses 
it is admirably adapted. The 
lobelia is only half-hardy, and 
requires the protection of a 
greenhouse in winter. The 
plants can be raised from seed 
sown in boxes of light soil at 
Christmas-time, or thereabouts, 
and given a gentle heat. If 
the common mistake of sowing 
the seed too thickly has not 
been made, they will bo ready 
for putting out in May with- 
out further transplantiition. 

Emperor William is one of the 
best sorts, and White Ladie is 
a beautiful white kind. 

Virginian Stock, and 
Other Dwarfa. The 
Virginian stock is one of the very hardiest of 
dwarf growing annual flowers, adapted for an 
edging, and its culture is simplicity itself. It is 
only necessary to take a stick and go out into 
the garden on a bright day during April or May, 
and drag the stick along the edge of a bed or 
border, so that it leaves a furrow behind it. Into 
this furrow sprinkle the Virginian stock seed gently, 
and just cover it with the earth which has lieen 
disturbed. In a very few weeks, 
a substantial edging, from 4 in. 
to l> in. in height, will make its 
ap|iearance covered with thousands 
of tiny flowers — red, white, or 
mixed, according to the variety 
used. One sowing of Virginian stock 
will bloom for many weeks, and 
it may bo renewed by successive 
sowings. 

The most useful variety of the 
Alyssum family of dwarf-growing 
plants is the sweet alyssum, a white, 
fragrant little flower, useful as an 
edging, or charming in efiFect if 
sown to form a broad sheet, and 
flowering all through the summer 
and well on into the autumn. It is 
best sown in the open air in spring, 
and if the precaution of sowing 
thinly is taken there is no need for 
transplanting. 

Nemophila is another of the dwarf 
hardy annuals, and should bo treated 
in the manner already described for this class 
of flower, with one difference. In addition to 
sowing in the spring for summer flowering, a 
sowing should be made in the autumn, where 

S and other of the taller flowering spring 
are being planted. The nemophila will then 
bloom with them in the springtime as a carpet of 
delicate pale blue or white as the case may be. 
Nemophilas will flourish in any soil, and so are 
eminently adapted alike for culture in town or 
oountry. The plant should never be used, however, 
where oats are likely to cause any trouble. For some 
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21 . “EMPEROR" DAFFODIL 
For bed, jJot, or window-box 


mysterious reason, cats are particularly fond of this 
plant, and have been known to travel a long way to 
get at a garden in which there was a bed of it. As 
their appreciation takes the form of lying down 
and rolling over and over in it this naturally means 
the destruction of everything in the bed. 

The garden forget-me-not {Myosotis diasitillora) is 
probably the most useful of all the dwarfer flowers 
of the garden, inasmuch as it 
blooms in spring, and so forms 
a carpet for the bulbs. Seed 
may be sown in the autumn at 
the same time, and in the 
same beds, as the spring- 
flowering bulbs are put in, and 
they will all come up and 
flower together. The plants are 
easily projwgated by digging 
them up and dividing the roots 
during the flowering season, or 
if they are allowed to remain 
where they are the seed will 
ripen, drop off, and sow itself 
during the late summer 
months. This is not the forget- 
me-not of the stream side, 
about which i)oets talk so 
much, the latter being known 
as Myosotis palustria. 

Other dwarf flowers of spring are Arabia alpina, 
LimnantJiea Douglaai, Saponaria calabrica roaea, 
and tSilene pendtila, while the stonecrojw are at all 
times useful, apart from their place in the rock 
garden, in covering up odd corners. The dowel's just 
mentioned are all hardy annuals, and merely require 
the treatment already set forth for such things. 

Carpets of Flowers. Upon few subjects 
has more wordy warfare been waged than that 
of carjiet bedding. The extreme 
school of *’ w ild gardeners ” execrate 
it, and there is no doubt that, if 
carried out to excess, these flat 
beds made up into carpet-like 
designs are both dull and un- 
interesting. Tlie rational gardener, 
however, will be (piick to recognise 
that there is a phu^e for them in 
every garden that has any pre- 
tensions to size. Carpet beds may 
be of any shape the designer 
^leases, but this is usually regulated 


►y the size and shape of the place 
in which the bed is to be put (see 
Frontispiece opposite page 0529 J. A 
very good plan is for the gardene * 
to work out designs on paper, 
drawing them to scale, during thD 
long winter evenings. A good idea 
of w'hat the general effect will be 
like may be obtained by colouring 
these plans as near as possible to 
the hue of the plants it is intended 
Before proceeding to cut out the bed it 


to employ. 

is best to mark an outline of it in whitewash. 

The majority of carpet- bedding plants are raised 
from seed, sown in boxes in March, and subjected 
to a bottom heat of about 80’. One of the most 
important plants for carpet bedding is the altcrnan- 
thera, of which several varieties are useful. They 
range in colour from yellow to brownish-red, the 
variety aurea being a brilliant yellow. The pyre- 
thrums, or golden feathers, are another mainstay of 
the carpet b^der, and the different varieties give him 
grey, pale green, and gold for his beds. Antennaria 
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is the plant generally employed to get the delicate 
silvery white effect so often seen in the best carpet 
beds, while for very deep red effects the beet is occa- 
sionally emplo3red with advantage. The deep blue 
and wUte varieties of lobelia are also valuable aids 
to carpet- bedding. No carpet bed would be complete 
unless it contained some of those curious flat rosette- 
like plants called Echeveria sccmda. They are raised 
from seeds sown on fine soil in gentle heat, and 
merely require protection from frost in winter. 

Where a centrepiece is desired for a carpet bed, 
and such a thing is often an improvement, it is 
best to employ me fishbone thistle {Chamapeuce 
cassaboncB), a graceful plant, with shining dark- 
green leaves marked with white and brown. 

The following are in general use as carpet bedding 
plants, but they require no special treatment : 
Alysmtm tnaritimvm, Mentha jmlegium, Iresine 
lindeni, and Sedum glaucum. 

Summer and Autumn Bedding Plants. 
Among gardeners the term “ summer bedding 
plants” is understood to comprise those plants 
which, although invaluable for giving us a display 
of bloom, say, from May until September, are too 
delicate to withst.ind the rigours of our winters, 
and need the protection of a frame or greenhouse, 
or at lest a shed, if they are to be kept alive. 
Until comparatively a few years ago, summer bed- 
ding was confined to the laying down of strips of 
blue lobelia, scarlet geraniums, and yellow calceo- 
larias, wdiich occurred in garden after garden with 
never varying monotony ; but things have now 
happily alter^ for the better, and a wider range of 
effect is ix)S8ible. In the genial climate of the south 
and west of England some of the plants described 
hereafter as ne^ing protection during the winter 
may remain in the o|^n ground all the year round 
with impunity, but this favoured area is of such 
small extent that for practical purposes it is neces- 
sary to treat summer bedding plants as being only 
half hardy. The flowers enumerated hereunder are 
those most generally in use for the purpose, and 
may l>e supplemented, where space and opportunity 
affords, by any of those mentioned in ether sections. 

The Geranium, Fuchsiat and Begonia. 
The geranium, as most people know it, is not a 
geranium at all, but a pelargonium; it originally 
sprang from the wild geranium, but has been crossed 
with various species in order to obtain fresh varieties. 
It is the most popular of all summer and autumn 
l>edding plants, and one of the easiest to cultivate 
well. It will grow in any ordinary garden soil, and 
is increased by taking cuttings, or slips, when the 
flowering season is practically over — say, in Sep- 
tember. These slips should m cut off the parent 
]>lant at a very acute angle with a sharp knife, and 
should be put into little |K)ts containing some fairly 
good soil, and with a pinch of sand at the bottom 
of the hole where the cutting is stuck in. As soon os 
there is any fear of frost they should be got in under 
glass, and they will quickly root and 1^ ready for 
planting out the following May. Cuttings may also 

struck in the spring, m slight heat, and will be 
ready for planting out at practically the same time, 
but they will not make such sturdy plants. Very 
little water should be given during the winter. 

Fuchsias thrive in soil similar to that suitable 
for geraniums. They are, however, propagated in a 
somewhat different manner. It is customary to take 
old ])lant8 which have be.cn stored in a cellar or 
somewhere else away from frost during the winter, 
and start them into growth in the heatea greenhouse. 
When the young shoots np{>ear, and are al>out two 
or throe inches in length, they should be taken off 
6492 


and wtted up as directed for geraniums. They should 
be thoroughly hardened off by exposme to light 
and air before being planted out. In some gardens, 
especially near towns, the buds of the fuchsia have 
a provoking habit of dropping off instead of oi^ning 
into flower. The general cause of this is insufficient 
water, or, if the fuchsias happen to be growing in 
pots instead of in beds, it will probably be found that 
they are “ pot bound — that is to say, the pot is not 
large enough to contain the roots which have been 
formed. When this is discovered to be the case 
the plant should be re-potted at once. 

The begonia of so much value for summer and 
autumn lading is what is known as the tuberous- 
rooted begonia. It is best raised from seed or leaves 
sown in early spring in pans [18j or boxes in stmdy 
soil and brought on in a temperature of not less than 
In three weeks or a month’s time the plants will 
he ready to be put into pots, after which they should 
be gradually hardened off for planting out in June. 
Great care should be exercised in the sowing, as the 
seed is so very minute. In a rich, light soil begonias 
w'ill continue to flower until cut down by frost. 
When this happens it is usual to lift them up, and 
store the tubers which will be found to have formed 
at the roots, in silver sand in a dry place. These 
tubers can be started into growth again in the spring. 
There are many sorts, in all shades of white, yellow, 
salmon, and red, and some double ones. 

DahliaSf Calceolaria*, and Other 
Beddinf Plante. When the summer begins 
to wano^iere is probably no more important bed- 
ding plant in the garden tiian the dahlia, as it forms 
stout bushes three or four feet in height, giving 
a generous supply of bloom for cutting, right into 
the very late autumn. There ore four principal 
kinds : the double dahlia, which is the old-fashioned 
almost spherical-shaped flower so often found in 
cottage gardens ; the pom-pom, which is a smaller 
edition of the double dahlia ; the cactus, dis- 
tinguished by its almost claw-like petals; and the 
single dahlia. The dahlias are generally propagated 
from cuttings, which are obtained by starting a tuber 
into growth in a heated greenhouse in January or 
February, and taking off the cuttings as the young 
shoots apiKjar. These are then treated in the manner 
described for seedling begonias. When the dahlias 
are thoroughly hardened off, and ready for planting 
out, a stick some four feet in height should be pushed 
into the ground at the side of the hole dug to receive 
ouch plant, and to this stick the young dahlia 
should be tied sufficiently tightly to prevent it being 
swayed about by the wind. After flowering, the 
bullm should be lifted and stored in a box of soil in 
a frost-proof place during the winter. 

The yellow calceolarias are a familiar sight in the 
summer bed. They are propagated by cuttings 
taken in the autumn in sandy soil, and placed in a 
cold frame, where they will root during the winter, 
and so be ready for planting out with the rest of 
the bedding stuff. 

The canna is as effective in the summer garden 
for its foliage as for its flowers, most of the varieties 
having rich brown loaves. A p;roup of cannas 
in the centre of a large bed is particularly effective, 
reaching, as the plant often does, to a height of six 
feet. They are propagated by spring cuttings, in 
the manner describe for fuchsias, or by dividing 
the old roots, and potting them up. They need a 
sunny position, or they tail to develop. The best 
sorts are Antonin Crozy (crimson), Antoine Chantin 
(salmon colour), and Paul Bert (yellowish redl. 

The heliotrope is best known under its old- 
fashioned name of “cherry pie,*’ and the little 
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Howor i« a great favourite because of its delicious 
iwrfnme. It is propagated in the same way as the 
fuchsia, or forced from seed and hardened off. It 
is generally a failure in moist soil, and, when 
desired there, should be kept in the greenhouse. 

Petunias and Tobacco Plants. The 

petunia is a hardy annual, raised from seed sown 
in heat in February, arul planted out in May. 
Particular care must be taken in planting out as 
the roots of the plants are very brittle, and liable to 
da mage if they are at all carelessly handled. Seedling 
plants often yield bloom with very curious markings, 
and if it be desired to perjietuatc these it must be 
done by cuttings taken in August, and placed in pots 
or a frame in soil which is well mixed with rotten 
manure and kept moist. They must be wintered in 
a cold frame, and care taken that the frost doc^s 
not gel at them, (food bedding sorts are CoiiiitesH 
of Ellesmere (crimson with ])aler throat), Delicata 
(white with purple stripes), and Doctor Hogg 
(purple wnth white throat). 

No garden is complete without its tobacco plants, 
ns the varieties of nicotiana are popularly called. 
They should be treated ns half-hardy annuals, and 
raised from st»ed sown in heat in February, w'hen 
they will he resuly for planting out with the rest 
of 111 '" summer and autumn 
bedding stuff. The one most fre- 
<|uently met with is Nicotiana 
a/Ji nis. particularly sweet 
scented in the evening, and 
reaching a height of about two 
feet. A taller variety is called 
Syl vestris — three feet in height, 
the flowers of which do not 
shut when exposeil to the full 
glare of the sun. as is the case 
with Aflinis. A very interest- 
ing variety is called Snndera*, 
having red flowers. 

The HardT Ferns. In 
order to grow nardy ferns to 
the best jidvantage they must 
have a shady iwsition in the 
garden. It is not, of course, im- 
jK)ssihle to grow ferns in the 
sun, but it is hopeless to 
ex]>ect them to do w'ell there, 
as they soon get scorched up. Ferns dislike being 
moved ; hence, to get the best results, the fernery 
should Ik? established at some spot in the garden 
where it is likely to remain for a number of years. 
A sloping bank makes an ideal spot for a fernery; 
but, no matter where it may be, it is essential that 
the ground slioidd be well drained. PVnis w'ill not 
flourish when they have a lot of stagnant moisture 
about their roots, though, at the same time, the 
majority of them thrive admirably in the neigh- 
bourhood of a running brook or stream. The 
ideal soil for the fernery is a mixture of good loam 
and |X5at, the former predominating. 

Ferns are usually propagated by taking the seotls, 
or 8|)oros, which are found uiKin the bucks of the 
fronds, and spreiuling them carofully upon the sur- 
facre of a lump of }H?at, keeping the jK?at thoro\ighly 
moiijt, when the majority of the seeds will suceess- 
fully germinate. Those ferns which have running 
roots, however, may be divided in the usual manner. 
In order to ensure that fresh bright green appearance 
HO much to be desired in foms it is necessary that 
the foliage should have plenty of water. In small 
indoor ferneries this moisture is often supplied by the 
introduction of n small fountain. Out of doors the 


best substitute is frequent soaking with the hose, 
the rose of which has holes of the smallest size. 

There are several varieties of spleenwort 
(aspleniuni) ranging from one to two feet high 
resj)ectively. The most im|)ortant is the black 
spleenwort {Adiantum nigrum) which, in addition 
to being grown among other ferns, may be planted 
with sucesK at the foot of such shrubs as azaleas 
to act as a carpet. Its fronds are also useful when 
bouquets have to be made up, or to mingle with cut 
flowers for general decorative purposes. 

Royal and other Popular Ferns. The 

Royal fern [Osmutidu regalis) is rightly named, 
as "it is the largest and most imposing of all 
our native ferns. It has been known to attain a 
height of eight feet, though its average altitude is 
not so much as this. It wants damp }K3aty soil, and 
may, in fact, be planted with its roots in water 
in a shady spot. There are several varieties, natives 
of North America, useful wdiere large collections are 
being made, hut otherwise not of great importance. 

One of the most popular ferns is Hart’s Tongue 
fern {Scolopendrinm vulgar e), deriving its name 
from the sba|)e of the fronds. Like most other ferns 
it likes shade and moisture, but has the charac- 
teristic of thriving particularly well in a soil con- 
taining lime. It is attractive 
wlien grown in pots for the 
table. 

The Lady ieTn(Athyriuw) is 
another family of ferns much 
overladen with valueless varie- 
ties, but the type is worthy ot 
cultivation under orthodox 
conditions in the fernery, or 
among evergreen herbaceous 
plants. It dies down during 
the winter, and, therefore, 
requires no water then. 

A very useful hardy little 
fern is Polypody {Polypodimn), 
the tronds of which are green 
all the year round, and which 
may be grovm on walls pr in 
rock work. It is one of the 
easiest of ferns to propagate, 
being easily increased by divid- 
ing the roots — an operation 
best carried out in the springtime. It prefers a liberal 
admixture of sand in tlie soil in which it is grown. 

The Shield fern {Aspidium. and PolyMtichum) is 
one eminently suited for culture in toum gardens, 
as it will thrive in a comparatively ]K)or soil pro- 
vided it has plenty of water during the hot months. 
The Shield ferns are particularly useful for planting 
under trees, where there are often bare spots upon 
which grass refuses to grow. The well known Holly 
fern 'w a variety of this family, of which consider- 
ably over IflO members are found in cattilogues. 

There are several other families of ferns, indi- 
vidual meml>ers of which are worthy of a place in 
our gardens, where a siieciality is being made of 
the fernery. The system of nomenclature by 
which they are distinguished is a very confusing 
one, and the young gardener who hojx?s to jjet on in 
the world oaii occupy his time far better in doing 
more useful things than, for instance, trying to 
identify Aihyrium fUir-jeemina (lore plena 
suf^rbum perisrristatiim^ which is a rather insig- 
iiifleant variety of the Lady fern. In any case too 
many ferns in a garden arc a mistake, and unless 
the place is of any considerable extent it is perhaps 
a mistake to lay down a fernery at all 
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preliminary consideration for a dock is the 
^ choice of a site. Low-lying lands along tidal 
portions of rivers and estuaries are generally utilised, 
and thereby the amount of excavation is much 
reduced, and what is required to be dug out can 
be employed in making up the backing of the 
quays, ^l^nds in the rivers fiu*nish very suitable 
sites for docks, the surfaces being low. In sharp 
bends the dock is carried right across the bend, with 
an entrance at each end. The bends of the River 
Thames at London, also of the River Medway at 
L hat ham, have thus served as sites for docks. 

There are various types of docks, and their 
design depends upon the condition of the site, the 
nature of the traffic, and possible future extension. 
The length given to a dock depends upon the site, 
and the width is regulated by the size of the vessels 
using the dock. The depth depends upon the water- 
level at neap tides, depth of the approach, river, or 
channel, and the draught of the vessels that will 
frequent the dock. The deepening of a dock is a 
very expensive process, involving the consideration 
of the underpinning of all adjacent walls where 
their foundations are shallow. Hence the depth of 
a dock at the outset of its construction is of primary 
importance. 

DcksR Walls. Dock and quay walls form a 
very important feature in the construction of docks, 
as upon their design, the foundation, and the 
materials used, the total expenditure of a dock 
mainly depends. The object of dock and quay walls 
is not only to utilise the area of the dock, but also 
to enable vessels to He alongside for loading and 
discharging, which they cannot do against a smping 
bank unless it is piled out Fender piles are 
introduced, and a coping that will bear the run of 
loose chains surmounting the quay wall. The 
foundations adopted for dock walls depend upon the 
nature of the soil to be built upon. In firm ground, 
the walls are generally built upon it direct, the 
excavations being increased in depth accordingly. 
If the ground is soft for some- considerable depth 
below toe intended level of foundation, other means 
have to be resorted to — ^namely, bearing piles, driven 
until they reach a hard stratum, the tops of the 
piles being connected by walings, and upon this 
staging the wall is built If the ground is soft, a 
layer of concrete is put in between the piles and 
walings, and the wall is then built upon this con- 
tinuous layer of concrete, which must be thick 
enough to distribute the pressure. 

Pressure upon DocR Walls. Quay walls 
act as retaining walls, since they retain the earth 
at the back. The presence of the earth tends to 
overturn the wall by causing it to slide forward, 
or to turn on its outer edge. The pressure 
dej^nds ujk)!! the nature of the soil and its con- 
dition, and is always increased by the presence 
of water at the back of the wall ; also by the weight 
of cranes ; and the effect of goods traffic on rails, if 
provided, must be duly considered. 

The pressure varies with the depth, and may be 
provide for by increasing the width by means of 
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stC'ps from the top towards the bottom, the face of 
the wall being generally built on a batter. The 
width at the base is generally from one-third to half 
the height, according to circumstances. Counter- 
forts are also built at certain intervals. A straight 
batter to a dock wall is preferable to a curved one, 
as it enables vessels to approach close to the wall. 
Its foundation is also easier to construct when a firm 
stratum is obtained. The ground is excavated 
vertically to a depth sufficient to secure the wall 
from being pushed forward, and the foundation, 
generally of concrete, is then put into position. 
The foundations are generally put in in short 
lengths, to reduce the cost of pumping and to avoid 
}>ossible slips. The remaining concrete forming the 
wall is then carried up in layers, with proper 
precautions as regards the laying of one course over 
ar other. 

Failures in dock walls are caused chiefly by slips 
of the ground at the back of the wall and by the 
pressure of the water behind at low water tending 
to push the wall forward. A concrete toe is gener- 
ally built at the foot of a wall to add to the stability 
of the wall and to obviate the effect of scour. The 
coping of a dock wall is generaUy of granite, but 
special concrete is used in some of the new walls 
at Liverpool. Coping-stones arc dowelled together, 
so that tWy may not be displaced by blows. 

Foundations. While ro<^k is the best mate- 
rial for foundations, it is sometimes treacherous, 
and beset with difficulties unless properly dealt 
with. In t-ome cases the surface of the rock is 
irregular, but is easily dressed to the required level 
when the rock is not too hard to admit of this treat- 
ment; but when such a course cannot be adopted 
the rock may be roughly dressed and levelled to 
receive a course of face stones bedded in cement 
mortar. In the case of extreme unevenness of 
surface of the rock, mtss concrete may be deposited 
from skips or bags, confined in position by board- 
ing or bags of sand. Bags of concrete are sometimes 
usra instead of mass concrete, but do not make such 
a satisfactory job. 

It is often found expedient to bench the rock if 
it is incHned, and light charges of dynamite or 
other explosives are used to attain this result. 
Prior to building u})on rock, all sand, gravel, or mud, 
together with all weed and other sea growth, must 
be removed to provide a clean su^ace for the 
adhesion of the superstructure. A small grab is 
suitable for such work, but if the surface of rook is 
too irregular, the work must be executed by divers. 

Sand is an excellent foundation, being practically 
incompressible, but must on no account be allowed 
to escape from its natural position. In building 
breakwaters upon a sand foundation, rubble stone 
is deposited over the site and extended well sea- 
ward, forming a wide apron to protect the sand 
from scour. Sand may be found by boring to 
overlie some stable ground, when it can be removed 
by a sand pump and the firmer rock bed laid ^re. 
^zes filled with sand have been known to retain 
heavy weight resting on the sand without depression 
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until the sides of the boxes have received a shock, 
with the result that the sand has immediately sunk. 

Mud foundations, if not of great thickness, should 
be removed to the more solid ground underneath. 
If depth of water permits, piles may be driven 
over the entire area to be occupied by the super- 
structure with proper cills and layers of planking. 
The mud should then be removed for a depth of 
4 ft. or 6 ft. below the pile heads, and good concrete 
put in. Sheet piling along each side will increase 
the security against scour and imder mining. 

Gravel may bo similarly treated, but is not so 
liable to sinkage as sand described above, while 
clay depends upon its character, whether hard and 
compact or soft and treacherous, like mud. Clay 
must be protected from scour. 

In the case of foundations upon rubble, after 
a deposit of rubble a lime l>ed for the reception of 
blocks may be formeil of small broken stone, which 
divers can jiack and arrange to the required level. 
Sometimes the surface may be sealed by a layer 
of soft concrete in small bags. 

Cylinder Foundations. Cylinder founda- 
tions are not economical if several cylinders have 
to be sunk together, hence it is better to make one 
cylinder sufficient for one girder of a bridge than 
to use two or four cylinders to support a plat- 
form suitable for a pier. They are usually adopted 
for foundations in de*p water, required to be 
sunk to a considerable depth in the ground. 
Where rock has to be dealt with, cylinders can 
bo used provided the rock is first levelled off by 
divers or other means to ensure a level bed being 
obtained for the cylinder. The cylindrical form 
is preferable to an oblong, square, or flat elliptical 
section in plan, as it best resists internal pressure 
and colla|)se, and is suitable for soils such as clay, 
which is likely to swell. Cylinders should not lie 
Bimk nearer togetlier than 3 ft., and for considerable 
depths in sand not nearer than one-foui th to one-fifth 
of their diameter. One or two large cylinders used in 
preference to a nuiiilier of smaller ones are liable to 
get out of the vertical in sinking. The thickness 
of metal generally used for cylinders ranges from 1 in. 
to 1 J in. The cylinders should be cast in such length 
that vertical joint flanges arc not required. The 
rings are usually cast in lengths of 9 ft. It is 
almost im|X)8sible to sink cylinders so that their tops 
are level, their subsidence under a load not being 
uniform or the strata }>erfectly horizontal. The 
top or rnaking-iip ring should not be cast until 
the teat load has l)een removed from the cylinder. 
The cutting ring should have a chisel- ])oin ted cutting 
edge, and its form should be suited to the material 
it has to jjenetrate. The cutting ring is best made 
of wrought iron because of its not being so liable to 
fractiut) from blows, and its more uniform strength. 
It should be well strutted and stayed to ])revent 
deformation. The upper rings are best of cast iron, 
being cheaper, and they are more easily and quicklv 
bolted together. If the cylinders have to be Hunk 
to a considerable depth, the diameters should be suffi- 
ciently large to allow for any unavoidable deviation 
in sinking which may occur. The joints of cylinders 
may be caulked with iron-rust cement for half of the 
outer thickness of the rings, and the remaining space 
filled in with Portland cement. Cylinders are some- 
times lined with tarred felt to allow for the expansion 
of the concrete in the hearting or filling, the freezing 
of water or unequal contraction, and ex]mnsion of 
iron and material used for filling in the cylinders. 

Sinking Cylinders. A cylinder foimdation 
should be weighted with a lotvd equivalent to that 
which it will be called upon to sustain, and the 


equally distributed load on the hearting of the 
cylinder should remain for some days to ensure no 
future settleipent. 

Rocks arc usually not loaded with more than 8 
to 10 tons per sq. ft., according to the description 
of the rock ; sandstone rock, if soft, 11 to 1} tons [>er 
sq. ft. ; soft cla'*^, J ton per 8(j. ft. ; damp clay, IJ 
to 2 tons per b> ft.; loose sand, 2^ to 3 tons 
l^er sq. ft. ; solid clay and firm sand, 4 tons per 
sq. ft. ; blue clay, 5 to 8 tons per sq. ft. ; soft 
chalk, 1 to IJ tons per sq. ft. ; hard chalk, 2J to 
4 tons ])er sr|. ft. 

The sinking ot cylinders can also be executed by 
the Plenum, or compressed air method, though 
usually the cylinders are forctMi down by weight, the 
material in the interior being excavated by dredgers, 
grabs, or excavators, or the exterior may be exca- 
vated by divers, or the interior dredged till rock 
is reached, the bed Ixjing levelled by divers if 
necessary, and sufficient concrete deposited to keep 
b»Lck the water, and then the water j)umpcd out 
of the cylinder. Cylinders can be sunk in loose soil, 
mud, silt, sand, and gravel, overlying impermeable 
stratum at a moderate depth, by the aid of pile 
staging erected around the site. 

Cylinder Rings. A number of rings to reach, 
when sunk, a little above the water-level, being bolted 
together and caulked, are lowered into ])osition by a 
travelling crane working on a stage. The louse soil 
being taken out by a grab dredger, fresh rings are 
ndd«d as the cylinder sinks until impermeable soil 
is reached. The water is then pumj^d out, and the 
excavation continued. Great care must be taken that 
the cylinder is perfectly vertical at the beginning of 
the sinking. The excavation should be carried out 
uniformly over the whole surface to ensure the 
cylinder sinking equally. Should two cylinders 
have to be sunk close to each other, or less than a 
diameter of a cylinder apart, they should be sunk 
alternately, not simultaneously, otherwise there 
i.s a tendency to draw towards one another. In 
lowering the water in a cylinder by pumping, 
blows frequently occur — that is, the soil will rush 
up from btdow, and possibly fill the cylinder. 

Such blows also otreur in sinking cylinders from the 
compressed air escayfing under the cutting edpj. 
They generally take place in loose, porous soils by 
changes in the water-level owing to great range of 
tide or wave action, but may be arrested by carefully 
lowering the air y^ressure so as not to endanger 
the lives of the men. In sinking cylinders, boulders 
varying in size? are frequently encountered and often 
tilt the cylinder. They are often difficult to lemove, 
requiring to be drawn into the cylinder, pushed 
outwards, syfiit or drilled. As regards the kentledge 
required for sinking a cylinder, balks of timber are 
ydaced across the top of the cylinder and medium- 
sized stones packed uyion them, or pig iron is usually 
employed. The weight must be adjusted so as to 
be distributed equally to ensure uniform sinking. 
Placing the kentledge on the top of the cylinder 
raises the centre of gravity, and the kentledge is 
often laid uywn stages placed within the cylinder, 
thus reducing the tendency of the cylinder to tilt. 
The quantity of kentledge req^uired depends uy)on 
the nature of the soil through wnioh the cylinder has 
to b<* sunk, its size and depth in the ground. In 
calculating the kentledge required, when the com- 
pressed air system is employed the lifting ysower 
of the air y)re88ure must be added. The hearting 
usually consists of Portland cement, concrete, 
brickwork or masonry. 

In the compressed-air s^tom of sinking cylinders 
the chief points to be oonsidered are sufficient supyfiy 
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of air for the expulsion of the water, and for the men 
in the working chamber, together with the provision 
of ready entrance and exit ror the men, introduction 
of plant and materials, and discharge of material 
excavated. 

Well Foundations. Upon the suitability 
of well foundations as an alternative to the use of 
cylinders, the following points have to bo con- 
sidered. The soil should be loose strata, not firmer 
than sand. The probability of debris and boulders 
and other obstructions, such as hard stratum, 
would render the employment of cylinders pre- 
ferable, while in compact soil the sinking of a brick 
or concrete cylinder, on a curb, would to difficult, 
and an iron cylinder with a fine cutting edge would be 
preferable. The w'ell system is economical in sand 
and silt, if the water is of moderate depth. Suitable 
plant and excavating apparatus must be used, if 
the depth is too great, by the employment of com- 
pressetl air. Well foundations may consist of masonry, 
concrete, or brickwork, and the remarks on cylinder 
sinking are generally applicable to well sinking. 

Borings. Borings should bo taken to ascertain 
the nature of the soil to l)e excavated, and also the 
strata to be built ux>on. Ample borings should be 
taken upon the site, as the depth and thickness of 
the different strata vary considers blj\ Care should 
Ije taken in examining the materials taken from 
the boring tool and allowance made for the altera- 
tion in their consistency due to the action of boring. 
Trial pits are preferable, and afford more reliable 
information than borings, and should bo used in 
preference to borings, when the question of water 
permits of their use. In a trial pit, the inclination 
or dip of a .<»trata may be taken with the aid of a 
clinometer. 

Cofferdams. A cofferdam is ^nerally com- 
prised of two rows of timber piles driven into the 
ground to a sufficient depth, the distance between 
the rows being 3 ft. to 5 ft., the intervening space 
i)eing filled in with clay puddle. The clay should 
1)0 carried down to as impermeable a stratum as 
])Ossible. Horizontal walings are attached to the 
piles to prevent them yielding to the pressure of 
the clay puddle inside. Further supixjrt can be 
given by means of struts inside, and by a bank of 
aiqxroved earthwork or chalk against the inner fall. 
Cofferdams are used to keep back the water from 
tlic site of a proiK>8ed dock, to permit of the build- 
ing of the walls. Temporary earthenwork dams, 
though cheaper in the first case, become costly in 
their removal owing to the large amount of 
material used, so that a cofferdam is deemed 
preferable [sei* also page 14021. 

Pumping. The levels of the foundations of 
docks, w'alls, etc., are generally considerably lower 
than the ordinary water-level found in the ground, 
hence pumping is necessary when diving is not 
introduced to enable the excavation to be carried 
down to the required depth. Pumps should be 
sunk at the lowest point, and be in duplicate so as 
to meet all contingencies. As the lift frequently 
<*xcmls 30 ft., chain pumps and centrifugal pum|)S 
are (uiifiloycd. An ex{)erienced contractor can 
generally suggest to the engineer a reliable mode 
of procedure in such a case. 

pocK Gates. A dock gate, when closed, is 
subjected to the direct water pressure on the gate 
itself, which increa.scs with the depth and varies 
with the length, and produces a strain on the gate 
similar to that on a uniformly loaded girder. It 
also has to resist the pressure transmitted to the 
meeting- ix)8t by the other gate. This compressive 
strain acts in the direction of the length of the gate, 
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and may be regarded as equal to half the water 
ressure on the gate multiplied by the tangent of 
alf the angle at which the two gates are inclined 
when properly closed. The angle depends on the 
inclination of the faces of the sill, or the pro- 
jection of the sill in proportion to the span, commonly 
called the rise of the gates. Gates are usually curved 
so as to form, when closed, a continuous circular 
arc, and acting as an arch sustaining hocizontal 
normal pressui*e8, the transverse strain disappears 
and the whole strain becomes converted into a 
compressive strain acting in the direction of the 
length of the gate, is the same on each horizontal 
section, and increases with the depth owing to 
the increased increment of water pressure. This 
strain is evidently equal to the pressure on a 
circuit of surface multiplied by the radius of curva- 
ture. The rise given to a gate affects considerably 
the compressive strain on the gates, the strain 
varying inversely as the rise. A small rise increases 
the strain on the gates, and the length of the gate 
is at the same time reduced. With a large rise, the 
reverse is the case. 

Materials for Dock Gates. Dock gates 
are constructed of wood and iron, wooden gates 
being l)etter able to resist shocks and possessing 
more ohvsticity. Wooden gates are composed of 
heelpost and meeting-post at each end, connected to 
a framework of horizontal ribs to which a sheeting 
of planks is fastened, forming the skin to the gate 
to retain the water. All joints are caulked to 
ensure the skin being watertight. Groenheart is 
the best wood for gates exposed to salt water. 

Iron is better suited for large gates, but to resist 
corrosion it should be thoroughly painted at water- 
level and covered with black varnish l.)elow water- 
level. Iron gates are built w'ith a double skin of 
plates connected to a framework of vertical and 
horizontal ribs made up of plates and angles and 
tees, with manholes to admit of access inside the 
gate. The exposed edges of all plates should be 
kept clean and free from mud deposit, as the mud 
aids corrosion. The heelpost, meeting- post and 
sill -piece are made of groenheart. 

Forms of Dock Gates. There are various 
forms of dock gates — straight dock gates, meeting 
at an angle ; curved gates, meeting at an angle, 
and, when closed, taking the form of a Gothic 
arch ; and segmental gat^, forming a circular arch 
when closed. The sill is generally made straight 
f T any design : a straight proprietary sill-pieoe 
is fastened to the bottom of the curved gate. 
Sluices are made near to the bottom of the gates, 
and closed by sliding doors, raised or lowered 
by rods worked by a screw on the top of the gate. 
The heelpost is supported at the bottom on a steel 
pivot let into the heelpost stone, and turning uix>n 
it. At the top it is held by anchor bars built 
into the wall and also long tie-rods anchored in the 
back of the wall, thus allowing the gate to revolve. 
An additional support is given to the gates in the 
form of n roller near its outer end, the centre of the 
roller being fixed in the same vertical line as the 
intersection of the centre of gravity of the gate and 
the centre of the heelpost ; in curved gates it falls 
outside the gate. The roller is made slightly conical 
for rolling along its curved path, and adjusted by 
means of a rod attached to the top of the gate to 
eusure its always bearing upon its path. KoUers are 
not necessary for small gat^, and in iron gates are 
often dispensed with, a counterbalance weight of 
water ballast being placed in the gate near the heel- 
t to reduce the strain on the anchor straps, 
very large and wide gates two roller paths 
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eonoentrio with one another are provided to each 
gate. Gates may be opened and closed by chains 
attached to the gates and passing round drums 
turned by capstans or by hydraulic engines. Four 
separate chains are required, and they are attached 
more than halfway down the gate near the lower 
support of the roller to avoid straining the gate 
and to facilitate motion. Chain passages are con- 
structed in the walls of the dock, with guide rollers 
for the chains. Hydraulic rams are also used, but 
when introduced are attached at a higher level, so 
that their actuating machinery may be above 
water-level. 

Single skin gates are not much used now. As 
gates are seldom opened except at or near high 
water, double-skin gates arc more buoyant, and 
adapt themselves better to the usual requirements. 
In case of a fracture by a vessel running into a gate, 
there are two skins to break through instead of one, 
and the water in the dock is less liable to be lost in 
consequence. Double-skin gates are in themselves 
heavier than single skin gates, and double-skin gates 
are liable to leakage and difficult to repair conse- 
quent upon the deposit of mud within them, besides 
their buoyancy under the influence of a d ifference of 
level between high and low water. 4 

For greenheart gates, the difficulty (f 

is to obtain the material. At Liver- 
j>ool they have the pick rjf all the best 
timber ; but even there there is diffi- 
culty in obtaining enough for a large 
pair of gates. 

Caissons. There are two types ~ ^ | 

of caissons — sliding and floating. The ^ 

advantage of their adoption is to •• BUOY, 
shorten the length of the entrance. PAT 

They dispense with the hollow quoins. 

They facilitate maintenance and repairs, nsSfeSB 
and when made to be capable of carry- 
ing a road or railway along their top 
they obviate the cost and inconvenience V 
of a swing bridge across the entrance. A 

Sliding caissons are usually con- 1 

structed rectangular in section, and are 
drawn backwards and forwards by 
hauling gear fixed at the inner end of the • ^ 

caisson chamber, the weight of the g jjQyji 
caisson on the sliding ways or rollers 
being adjusted by the amount of water admitted to the 
water chambers. The |)ower applied may be steam, 
compressed air, electricity, or hydraulic power. A 
sliding caisson is found to effect a saving of time in 
adjustment and removal. Rolling caissons are of 
similar construction, and have rollers to the bottom 
of the caisson, or slide on rollers attached to the dock 
floor. A chamber is provided on one side of the M'alls 
of the dock to receive the caisson when not in use. 

Floating caissons^ termed “ ship caissons,” are 
built of plate-iron sides, with angles and tee stiffeners 
and diagonal braces. They are divided into several 
water-tight comnartments and air chambers by 
means of the bulxlieids. Flotation is provided by 
the air chamber, v hile others are ballasted, and so 
can be floated in and out of position. The width 
on the top depends on the nature of the road or 
footpath to be carried over. A recess is formed in 
the lx)ttom of the dock to receive the keel of the 
caisson, and the projections on each side of the dock 
walls at the entrance for the caisson to press against. 
The caisson being required to close the dock 
entrance, is floated into its place against the side 
wall projections, and water is then admitted into 
the air chambers, causing the caisson to sink into 
the recess in the dock floor. 
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Graving Docks. An ordinary graving dock 
is a chamber of sufficient size and depth to receive 
the vessel that is required to be clean^ or repaired. 
For this purpose the vessel must, be placed hi^ and 
dry, and adequately supjK)rted. Graving doc^ are 
also called “ dry docks.” They communicate with 
a wet dock, or have access to deep water outside, and 
the entrance is closed by a pair of dock gates or by a 
caisson. The side walls are formed to the outline of 
a vessel, with steps or altars to receive the timber 
props supporting the vessel in an upright position. 
The keel of the snip to be examined or repaired rests 
upon keel blocks. Upon a vessel entering a graving 
dock at or near high water, the entrance is closed, 
and the water is allowed to run out by means of the 
sluices to the level of low water ; the sluices are then 
closed, and the remaining water in the dock it* 
pumped out. As the water lowers in the dock, ^he 
vessel is gradually propped up by timbers. The 
dimensions of graving docks vary according to the 
class of vessel to provided for. Portsmouth 
graving dock has a length of 491 J ft., and is 110 ft. 
wide at the top, with a maximum depth of 42^ ft. 
Graving docks, being fixed structures, are lined with 
brickwork, concrete, or masonry ; the facing to the 
walls being liable to rough usage, 
^ caused by the props used in support- 

ing a vessel, are, where possible, 
])rotected by special recesses to receive 
such props. 

1 _ ; Slipways. Slipways require a 

large 8]>ace, but are less costly in con- 
1 struction and pumping than a graving 

* dock. Vessels are liable to strains if 

ORDINARY settlement in the foimdations 

occurs. The vessel is deposited upon 
P a cradle and hauled up the slipway by 

hydraulic or other power. The centre 
n of the cradle sustains the weight, the 
"**tP*® bilge blocks merely serving to steady 
£ the vessel at the sides. A slipway 
I provides better ventilation and light 

y than a graving dock, but the craJdle 

? has to be specially adjusted to provide 

W an even keel. 

Floating Docks. The use of 
G BUOY floating docks depends on the physical 
conditions of the site. In the United 
Kingdom there are comparatively few floating 
docl^, because, owing to the rise and fall of the 
tide, graving docks are preferred when a site is 
free from springs. In non-tidal or only slightly tidal 
waters, such as those of the Baltic and the Mediter- 
ranean, floating docks are chiefly used. 

The One-sided Depositing Dock. This 
has only one side wall, arranged to regulate the 
descent of the dock under water and to give stability 
fore and aft. Transverse stability is afforded by a 
floating outrigTOr attached to the dock by several 
pairs of hinged l>oam8. So long as the outrigger 
keeps an even keel, the dock keeps a similar position. 
This type of dock is also capable of depositing 


vessels upon fixed stagings erected along the fore- 
shore ; the pontoon, instead of being continuous in 
construction, is composed of a number of short 
pontoons, with a space between them like a rake, 
wiiich fits into another rake, formed by a stage. 
The shore stagings are thus construotea with the 
projections arran so as to bo capable of occupying 
the spaces left between the pontoons. 

The One-sided ** Off-shore ** Dock. 
Instead of being controlled by means of a floating 
outrigger, this type of dock is provided with columns 
which are sunk in the foreshore, and the booms are 
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attached to them. In a combination of the “ de- 
positing *’ and “ off-shore ” types the pontoon is a 
continuous structure, and the booms are attached 
to the floating outrigger. The outrig^r is used not 
only for stability, but to carry the boilers of the 
dock and small workshops. 

It must not be forgotten that considerable depth of 
water is required for the installation of the floating 
dock. Dredging is often resorted to in obtaining a 
hole deep enough to receive the dock, but such a 
hole is apt to silt up and needs i)eriodical re-dredging. 
A floating dock is further dependent upon the dis- 

S laoement of the vessel to be lifted not exceeding the 
ock’s lifting capacitv, whereas a vessel that can 
enter a graving dock can be docked irrespective 
of its weight. A sheltered position is also 
essential. 

Groynes and Sea Walla. Groynes are 
used for the purpose of gathering the shingle 
and raising the beach of a fore bore. They 
stay the littoral driftimr action. Groynes them- 
selves cannot be regarded as a protection, but 
are servicable in the effect they produce on the 
beach. They do not create fresh material, but 
rely on wasting cliffs, etc., to contribute fresh 
supplies, which they collect. Their formation has 
been discussed at length in the artic’.e beginning 


Capstans [9J are indispensable upon every com- 
mercial quay. Ibey are sometimes worked by 
hand levers, sometimes by hydraulic power, and 
sometimes by electricity, which is now preferred to 
steam power for U‘>e upon a quay. 

Lighthouses. Lighthouses serve to mark 
the sites of projecting headlands, entrances of har- 
bours, and outlying rocks, also to indicate to a 
mariner the position of his course. Lighthouses 
are generally Duilt conical in form, and constructed 
of stone or iron, with a lantern at the top. Stone is 
preferable to iron, as the former is not subject to 
corrosion. Lighthouses built on an isolated rock 
in the sea have the following serious difficulties 
to combat. The foundation of a lighthouse being 
below high-water level, or very little above low- 
water level, can be put in only during calm 
weather by the aid of divers, or executed as tide 
work. There is no shelter for workmen, and 
materials can l>e landed on the rock only us required. 
The a]>proach to the roc*k is uncertain and at times 
dangerous. The distance of the depict from the 
site is often considerable. The preparation of the 
foundations presents the greatest difficulties. Un- 
sound rock must be removed and level henchings 
formed to receive the foundation courses, which are 
holtwl or otherwise seciiretl to the rock. The hard- 


on page 5577, where also the construc- 
tion of sea walls is considered. ^ 

Buoys. Buoys [7 and 8] are used ^ 

for denoting |K>sitions in navigable M 

channels. Their location is rendered / 

serviceable by night as well as by day U 

by charging them with compressed gas 
of a sj^ial kind which, as it issues forth, 
bums in a suitable apparatus, and cannot j 

be extinguished by the waves. They [ 
are constmeted of wrought iron and 

are of sufficient capacity for six weeks' I 

illumination (burning night and day), 9 , 

and cost from £300 to iSoO each, ex- 
clusive of moorings. The shore apjmratus for making 
and compressing the gas costs £500 to £1,000, and 
storage tanks and buildings £500. Solid wooden 
buoys are liable to get waterlogged. Cask buoys are 
often used for mooring of vessels. Can buoys are 
used to locate the fairway of a channel. Bell buoys, 
or buoys with a hanging bell attached at the top, are 
useful at night or in foggy weather, the ringing of 
the bell being caused by the oscillation of the buoy; 
but light-giving buoys are the most satisfactory, 
the bell buoys having the disadvantage of limit^ 
range of soimd in W'indy weather and absence of 
sound during calm weather. 

Beacons. A wooden beacon may be formed 
with a wood pole well secured at its base in the 
ground or in a mound of stone, with a hall at the 
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provided. 


ness of a rock u]>on which a light- 
house stands is of paramount import- 
ance in securing sufficient stability to 
tlie structure to lx* erec-ted ujion it. In 
.stone towers the courses art* dove- 
tailed together both horizontally and 
verti(tally. The rate of progress de- 
pends ui)on the level of the rock and 
the exjwsure of the site, and is 
necessarily very slow at the beginning 
of the w'ork. In lighthousc<« con- 
structed sufficiently high to be out of 
the reach of the waves, store-rooms and 
dwellings for the lighthouse keeqierB are 
Constant care and supervision is 


needed to maintain the efficiency of a light 
house and its lantern. Oil, gas, and the 
electric light are used as ilium inants, hut of 
these thre^ the first-named is preferred. Elec- 
tric light ijossesses great intensity, hut is 
reckoned to be inferior to the other lights in 
foggy weather. The distinction in character 
of the re8|)Octive lights is made by a definite 
number of flashes in quick succession, follow- 
ing a certain jieriod of obscuration, which enables 
the mariners to recognise any particular light. 

In foggy weather signals are made by ringing a 
Ixill, or blowing a horn or trum)iet and steam 
syrens. A similar arrangeuicnt of combinations 
of sounds can be made as above, worked from a 


top. These beacons are used to indicate tides of 
a channel or estuary, and maintain their TKisition 
during the rise and fall of the tide. In this way 
they are preferable to buoys, but buoys can he 
anchored where a beacon would not be available. 

Iron beacons arc usually constructed of iron tubes 
or of wrought-iron bars sunk into the ground or 
lock, rigidly braced together at the top of the 
b^on, and surmounted with a painted ball having 
distinguishing marks thereon in hold colours. 


lighthouse. 

Screw Pile Light houses. This form of 
construction is adopted on sandbanks where the 
foundation is unsuitable for a more solid base. 
Such construction presents little obstruction to the 
waves, but requires protection from drifting ice. 

LighUhipft are moored in different positions to 
serve as a warning to vessels of dangerous shoals, 
w'here lighthouses would either be impossible to build 
or too costly for the reqiured purpose. 


Harbouiw and Docks concluded ; followed hj Civil Bngikbsring Abroad 
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COMPOUND ANGLES 

Group 21 

MATHEMATICS 

Ratios of Z5° and 75 °. Formulae for Sum and Difference 

45 

of Two Sines or Cosines. Multiple Angeles. Logarithms 

TIllOOSOHJCTRr 

continued from page 6374 


By HERBERT J. ALLPORT, M.A. 


22. Continued. To prove that 
sin ( A - B) = sin A . cos B - cos A . sin B 
and 

cos (A - B) = cos A . cos B + 8in A . sin B. 



meter passes through IV 
is the supplement of L 
Z.MON {Prop. 41), i.e.y 


Let ROL be the 
angle A, and LOK 
the angle B. Then 
ROK is the angle 
(A - B). Making the 
same construction as 
before, we have L. s 
PMC), PNO right L». 

a O on OP as dia- 
and N. Hence L YPN 
NPM, and .*. is equal to 
to Lk. Then 


sin (A - B) 

MP_ XN-PY_ XN_:^ 

== OP OP OP OP 
_XN ON PY PN 
~ OF * OP PN * OP 
= sin ROL , cos LOK - cos YPN . sin LOK 
= sin A . cos B - cos A . sin B. 


Again, cos (A - B) 

_ 0M_ OX+JNY^ OX NY 
OP OP OP OP 
^ OX ON PN 

ON ‘ OP PN * OP 

= cos ROL . cos LOK + sin YPN . sin LOK 
= cos A . cos B 4- sin A . sin B. 

In the above proofs we have only considered 
the cases in which the s A, B and (A + B) are 
each less than a right angle. It is left as an 
exercise to the student to draw the figures and 
modify the proofs for other values of the angles. 


23. Ratios of 1 S° and 7 5^. The results 
of the last article enable us to find the ratios of 
15° and 75°. 

Example. Find the value of tan 75°. 


tan 75° = tan (45° -f 30°) == 


sin ( 45° 
cos (46° + 30°) 


si n 4 5° cos 30° 4- cos 46° . sin 3t)° 
cos 45° cos 30° - sin 45° sin 30° 


cos 30° 4* sin 30° 
cos 30° - sin 30° 

[Cancelling numerator and de- 


nominator by — which is the 
value of both sin 46° and cos 45°] 

2 ^ V34-l^(Vi^4-l)'*^4 + 2x/3 
~ 3-1 “ 2 

2 

« 24-^3. 


The other ratios of 75° can be found in a 
similar way. In the case of 15°, we use the 
fact tliat 15° = 45° - 30°. 


24. Formulae for tan (A±B). We have 
tan (A4-B) 

= si n (A4-B) _ si n A cos B + cos A sin B 
cos ( A 4- B) cos A cos B — sin A sin B 
sin A . cos B cos A . sin B 
cos A . COR B cos A . cos B 


cos A . cos B 


cos A . cos B 
^ tan A 4- tan B 
“ 1 - tan A . tan B’ 
Similarly, we get 

tan (A-B) = — 


sin A . sin B 
cos A . cos B 


4...^ T> 
^ fun 


Bj^ the same method the student can prove 
that 


and 


cot (A 4- B) = 


cot (A - B) = 


cot A . c(»t B - 1 
cot A 4- cot B ’ 
cot A . cot B 4- 1 
cot B - cot A 


26. The “S, T” Formulae, We have 
already proved that 

sin ( A 4- B) = sin A . cos B 4- cos A . sin B, 
sin (A - B) = sin A . cos B - cos A . sin B, 
cos (A 4- B) = cos A . cos B - sin A . sin B, 
cos ( A - B) = cos A . cos B + sin A . sin B. 

By adding and subtracting the first pair of 
results w'e get 

sin (A + B) + 8in (A-B) = 2 sin A . cosB\ .. . 

sin (A-f B)-sin (A- B) = 2 cos A . sin B ' 

Similarly, from the second pair W'e get 
cos ( A + B) 4* cos (A - B) = 2 cos A . cos B \ 
cos(A“ B)-cos(A-f B)= 2 sin A . sin B) * ' 

Let A + B = S, and A - B = T. By solving 
these equations we find A — ~ and B — 


Substitute these values of A and B in (1) and 
(2). Then 

• Oi T’ O* S-hT S — T 

sin S 4- sin 1 = 2 sin — . cos — - — , 

2 2 

1 S — T 

sin S - sin T = 2 cos — ^ — . sin , 

t:» rn_o S4*T S — T 

2 2 — ♦ 

cos T - cos S = 2 sin . sin 

2 2 

These results should be remembered in wordsy 
thus 

(i. ) The sum of the sines of ttoo angles equals 
f to ice the sine of half their sum, times 
the cosine of half their difference. 
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(ii.) The differ etKe of the sines of two angles 
equals twice the cosine of half their smn^ 
times the sine of half their difference, 

(iii. ) Ihe sum of the cosines of two angles equals 
twice the cosine of half their «um, times 
the cosine of half their difference, 

(iv. ) The difference of the cosines of two angles 
[the cosine of the lesSf minus the cosine 
of the greater'] equals twice the sine of 
half their sum, times the sine of half 
their difference. 

The student must also be able to make a 
ready use of the results (1) and (2) ; he 
must remember that the j>roduct of a sine and 
cosine can be expressed as the sum of two sines, 
and so on. 

Example. 

3A A 
cos - . cos y 


1 /3A ^ A 

= .L {cos 2A + cos A}. 


t-)— e^4)} 


26. Trigonometrical Ratios of Multi* 
pie Angles. 

By putting B = A in the formula 
sin (A -f B) = sin A . cos B + cos A . sin B, 
we get 

sin (A + A) = sin A . cos A 4- cos A . sin A ; 

t.«,, sin 2A = 2 sin A . cos A. . . . • (1) 

Again, from 

cos (A -h B) = cos A . cos B ~ sin A . sin B, 
we get 

cos (A + A) — cos A . cos A - sin A . sin A ; 

i.e., cos 2 A = co.s'-A - sin* A (2) 

►Since 1 = cos-^A + sin-A, 

it follows that 

14-cos 2A = 2 cos-A 
and 1 - cos 2A = 2 sin-A, 
or cos 2A = 2 cos^A - 1 \ 

co 8 2A= 1-2 sin^A/ ^ 

Also, from 

i. / A I -D\ taw A 4- tan B 
' ^ 1 - tan A . tan B 

we get 

Un(A.A)=i‘_-4+_^; 

These four formula; are important, and must 
be remembered. They are, of course, true for 
idl values of A, so that it is just as useful to 
know the results obtained ))y putting A instead 

A A 

(if 2A. Thus we have sin A = 2 sin — . cos 
and so on. 

27. Sin 3A in terms of ain A. 

Sin 3A 

= sin (2A-i- A) 

= sin 2A . cos A-f cos 2A . sin A 
= (2 sin A . cos A) . cos A 4- (1 - 2 sin^A) . sin A 
= 2 sin A . cos'-^A -I- sin A - 2 sin^A 
= 2 sin A . (1 - 8in'^A)-l-8in A - 2 sin^A 
= 2 sin A - 2 sin'A 4- sin A - 2 sin^A 
= 3 sin A - 4 sin^A. 


In a similar way we obtain 

cos 3A = 4 cos^’A - 3 cos A. 

LOGARITHMS 

28. By algebra we know that 

(i.) The index of the product of two powers 
of the same quantity is obtained by 
adding the indices of the powers. 

(ii.) The index of a quotient is obtained by 
subtracting the indices of the powers, 
(iii.) The index of a power or a root is obtained 
by multiplying or dividing the indices. 
These facts are made use of to shorten arith- 
metical calculations. A power of the number 10 
•jan be found which is practically equal to any 
given number. For example, 2 is approximately 
Jq ioios number 10 thus used is called the 

Itare ; the index *30103 is called the logarithm 
of 2 to the base 10. Hence, 

Definition. The Imjarithm of a number to 
a given l)ase is the index of the power of the 
hune which is equal to the given number. 

Logarithms to the base 10 are, in general, 
iiKommensurable numbers. They have been 
calculated to seven signiiicant ligurcs, for all 
numbers from 1 to 100,000. 

Log,,, 2 = *30103, and 10 = 2, are difterent 

ways of stating the same fact. 

29. From the index laws of Algebra w*c have 
(i.) The logarithm of the product of two 

numbers is equal to the sum of the 
logarithms of the numbers. 

(ii.) The logarithm of the qxwtieni of two 
numbers is the logarithm of the 
dividend minus the logarithm of the 
divisor. 

(iii.) The logarithm of a number raised to the 
power p is p times the logarithm of the 
number. 

80. Since 10^= 1; the logarithm of 1 w 0. 
Also, since 10= 10* and 100 = 10^, the logarithm 
of a number between 1 and 10 lies between 

0 and 1, and that of a number between 10 and 
KX) lies between 1 and 2, and so on. Thus, 
the logarithm of a number greater than 1 is 
posit ice. 

Again. ^ " Ki ~ 

and so on, so that the logarithm of a positive 
number less than 1 is negative. 

It is clear that the logarithm of a number 
between 1 and 10 is a positive decimal fraction ; 
the logarithm of a number between 10 and 100 
is eoual to 1 4- a decimal fraction, and so on. 
Also, the logarithm of a number between 

1 and *1, t.6., between and 10"*, lies 
between 0 and - 1, and is therefore a negative 
decimal fraction. This is equivalent to - 1 4- a 
positive decimal fraction. Similarly, we see that 
the logarithm of a number between *1 and *01 
can be written in the form — 2 4- a positive 
decimal. 


Continued 
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DYEING MIXTURES 

How Wool, Silk and Cotton are Dyed Together. 
Wonderful Colour Effect! by Simple Method! 


Group 28 

DYEING 

7 

Coiitiniui from 
page 6372 


By HERBERT ROBSON 


W7HEN the dyer has to deal with a mixture of 
^ animal and vegetable fibres in a fabric it is 
obvious that ho has a more difficult problem to face 
than when he has simply to dye cloth woven solely 
of wool, cotton, or silk. In the days when the 
natural colours reigned alone it was necessary, 
geifbrally speaking, even when a mixed fabric, 
•say, of wool and cotton, was to be dyed a self- 
colour, to dye the weft and the warp separately 
before weaving. The general employment of the 
artificial dyestuffs, and especially tne advent of 
the direct cotton colours, has changed all this. 
The dyer can dye a mixed fabric a single colour in 
one or more baths, or he can dye one fibre alone 
in the fabric, leaving the other white, or even, 
treating the cloth in a single bath, he can make the 
different fibres take up different colours. In 
short, he can ring the changes in a variety of ways, 
producing a vast variety of effects, the most im- 
portant of which will be touched upon. This 
facility has naturally had a strong influence upon 
the manufacture of mixed fabrics ; they are now 
woven in infinite variety and in ever-increasing 
quantities. 

Mixed Effecte. It is evident also that by 
taking advantage of the varied properties of the 
different dyestuffs, and of the action of certain 
chemicals upon the textile fibres, the dyer can pro- 
duce mixed effects u2>on a fabric composed of whole 
wool, cotton, or silk. What lies in his power in this 
way would, in itself, furnish matter for a long treatise, 
but a few examples must suffice. It is obvious that 
if, say, the warp is mordanted before weaving and 
the weft is left unmordanted, then, on dyeing with a 
mordant colour, the warp alone will Uike up colour. 
If a suitable direct colour be added to the bath the 
fibres will be dyed in different shades. If, in the 
case of wool, part of the cloth is chlorinated, that 
part will ttike a darker shade than the rest, and the 
same effect is obtained on cotton by taking ad- 
vantage of the effect of caustic soda upon the 
fibre. For instance, if the fabric is “ slop-padded ” 
— that is, treated on one side only with lye — that 
side will take up more colour out bf the bkth than 
the other. The intelligent student of this course 
will readily gather the infinite possibilities of 
variety in the light of these examples. 

Again, in dyeing with yarn or cloth, merely 
mechanical contrivances can be brought into use 
to the same end. Portions of the yarn can be 
protected mechanically against the action of the 
dye-bath ; to take a simple example, the hank or 
warp can be tied in tight knots at determined in- 
tervals. Cloth may be dyed in a tilted bath or 
passed unevenly through the dye liquor, or may 
be raised slowly out of a dye-batn, the composition 
of which is gradually changed. 

Chemical resists and discharges are also em- 
ployed to obtain a variety of effects, but these are 
used mainly by the textile printer. 

Preparation for Dyeing. Union goods 
must be well scoured before dyeing and thoroughly 
wetted out. For dark shades they ore sometimes 
entered dry into the dye-bath. In the case of thin 


cloths especially, they must be crabbed [sec page 
611)8] and steamed to prevent cockling ” — that 
is to say, a shrivelled-up appearance of the cloth 
caused by the woollen shrinking in the dye-bath. 
Crabbing machines are sometimes provided with a 
hollow, perforated roller through which steam can 
be admitted, but the decatising machine, used also 
in finishing, is often employed. After thorough 
crabbing and steaming, the cloth is “ set ” and it is 
scoured in the usual manner. The simplest way 
seems to give the best results, and that is to add 
the scouring agent to the water in the crabbing 
machine, and to follow this by steaming the 
cloth. 

Dyeing Mixed Goode. Broadly speaking, 
the dyeing of wool and cotton mixture cloths is 
simple. The goods may be treated in a bath of an 
acid colour and this goes on the wool only. If the 
cotton is slightly tinted, all that is necessary is to rinse 
well before dyeing the cotton. A simpler way still is 
to dye in a single bath with a direct cotton colour 
alone, or combined with a wool colour. In practice, 
however, trade requirements necessitate the use of a 
variety of methods that are not quite so simple. As 
regards their behavioiu* to w'ool and cotton, the dye- 
stuffs may be divided into five groups, and these will 
suggest the variety of effects that may be obtained 
on union cloth. 

1. Colours which dye wool and cotton equally, or 
nearly so. 

2. Colours which dye the two fibres different hues. 

3. Colours which dye wool a deei)er shade than 
cotton. 

4. Colours which dye cotton a deeper shade than 
W'ool. 

fi. Colours which dye wool alone. 

The direct cotton colours can be categoried in the 
first four groups, and there are a number of wool 
colours which leave the cotton threads perfectly 
white when dyed in an acid bath. Some of the 
colours in group 4 leave the wool almost untouched. 

The customary methods of dyeing may be grouped 
as follows. 

One-bath Process. The goods are dyed with 
direct cotton alone or in combination with wool 
colours. This method is so simple that it has largely 
superseded other methods of dyeing. Colours may 
lie chosen which dye the two fibres a solid shade, 
the wool deeper than the cotton, the cotton deeper 
than the wool, or dye the two fibres different 
hues. It is impossible to find space to enumerate 
all the direct colours suitiible for these effects, 
and a few examples will be given from the diamino 
and dianil ranges. 

(a) (^oloffrs dyeing wool and cotton alike : 

Thioflavine S", Oxydiamine Yellow GG, Diamine 
OranTO F, Diamine Rose GD and BD, Oxydiamine 
Red o. Diamine Red in several brands, Diamine 
Fast Rod F, Diamino Brilliant Blue G, Diamine 
Green G, Union Black and Oxydiamine Black in a 
variety of brands. Dianil Yellow 3G, R and RR, 
Aurophenine 0, Dianil Orange N, Dianil Red R, 4B 
lOB, Dianil Claret Red G, Delta Purpurine 6B, 
Dianil Blue BX, Dianil Indigo 0, Dianil Black 
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N, E. Dianil Brown 3GO, 3R, and Dianil Copper 
Brown O. 

(b) Colours which dye the two fibres different 
hues ; 

Diamine Brown VS, Diamine Nitrazol Brown B, 
Diamine Blue BX, Diat^e Blue 3R, Dianil Brown 
5G, Dianil Japoaine G, Dianil Blue E, ET, and 
Dianil Black in several brands. 

(c) Colours w'hlch dye wool a deejier shade than 
cotton : 

Diamine Gold, Diamine Scarlet B, 3B, Diamine 
Bordeaux S, Diaminogene Extra, Dianil Yellow G, 
Cresotine Yellow G, Toluylene Orange R, Dianil 
Scarlet G and 2R, Brilliant Dianil Red, Dianil 
Black T, and Dianil Green G. 

(rf) Colours w'hich dye cotton a dee|)er shade than 
woo! : 

Diamine Fast Yellow A, Diamine Orange G, D, 
Diamine Nitrazol Brown G, Diamine Cateehine F, 
Diamine Sky Blue, Diamine Blue 2B, 3B, BG, 
Diamine New Blue R, Diamine Black BH, Diamine 
Dark Blue B, Diamine Bordeaux B, Diamine Violet 
N, B, Dianil Orange G, Dianil Brown in several 
brands, Dianil Fast Brown B, Dianil Blue in several 
brands, Dianil dark Blue R, 3B, Dianil Black in 
several brands and Dianil New Black. 

If a wool colour is used for shading it must be 
capable of going on to the wool in a neutral salt 
bath. 

The dye-bath is simply prepared with the required 
amount of dyestuff, usually from J |wr cent, for 
light shades to 2 ]ier cent, for full shades, and from 
30 per cent, to 50 i>er cent, of Glaubt*r's salt. The 
material is entered at about 120^ F., and the tem- 
perature is gradually raised to about 200"^ F. if a 
self-colour is required. 'As a rule, the w'ool will 
take more colour than the cotton if the temperature 
is raised to the boil. The dyer, therefore, must watch 
his goods and raise or lower the heat according to 
requirements. 

It k always better to work for a lighter shade than 
the pattern, as it is always easier to add colour than 
to take it away. When the cotton is dyed to pattern, 
the colour to shade the wool is added if this is 
requisite. The addition of a little borax to the bath 
will cause the wool to take up less colour. 

Ordinary Two«balh Processes, In 

this method the wool is dyed in the ordinarv 
way with acid colour, and then the cotton with 
a direct cotton colour. The cotton, if required, may 
be top|K*d with a basic colour. Thi.s ]iroce.ss is best 
for producing ** shot ” or “ changeant ” effects — 
that Is to say, the eye catches different colours on 
the fabric according to the direction the light 
strikes it. Some examples may bt^ given. 

H'ool ertmsofi, cotton rjrcen. Dye the wool w’ith 
3J per cent. Naphthol Rod C, 10 per cent. Glauber’s 
salt, and 2 per cent, sulphuric acid ; the cotton with 
2J per cent. Diamine Sky Blue FF, Ij per cent. 
Thiofiavine S, and 10 per cent. Glauber’s salt. 

Wool blue, cotton brown. Dye in a bath at 150^ F., 
with 3 fHjr cent. Diamine Orange G, 0*81 per cent. 
Naphthol Blue G, 0*01 per cent. Formyl Violet S4B, 
and 20 |K*r cent, (ilauber’s salt. 

Wool viold, cotton yellow. Dye the wool with IJ 
per cent. Acid Violet 6B, 10 jier cent. Glauber’s 
salt, and I ])er cent, sulphuric acid ; then dye the 
cotton with 3 per cent. Mikado Golden Yellow 8G, 
and 10 per cent. salt. 

WooT green, cotton red. Dye the wool with 3 per 
cent. Guinea Green B, 0*25 per cent. Curcumine 
extra, 10 per cent. Glaul)er’s salt, and 2 per cent, 
sulphuric acid. The cotton is dyed with 1 ^ per cent. 
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Mikado Orange 4RO, 0*75 per cent. Erika 2GN, and 
20 per cent.. Glauber's salt. 

Wocl claret, coUon black. Dye the cotton first 
with 5 ][ier cent. Diamine Black BH, diazotising 
and developing with phenylene-diamine in the 
usual way ; then dye the wool in a fresh bath with 
1 per cent. Brilliant Cochineal 2H, 1 per cent. 
Brilliant Cochineal 4R, and 10 i)er cent, bisulphate 
of soda working at the boil. 

Wool dive green, cotton duU lilac. Dye the wool 
with 2i per cent. Naplithol Gre^n B, 0*5 per cent. 
Orange GG, and 10 j)cr cent, bisulnhate of soda 
working at the boil. The cotton is dyed in a bath 
which contains 1 j)er cent. Diamine Violet N, 0 25 
j)er cent. Diamine Sky Blue, 20 ]:>er cent. Glauber’s 
salt, and 3 per cent, soda working at a low heat. 

CroM Dyeing. In the method known as cross 
dyeing the cotton w'arp is dyed before weaving, and 
the woollen or worsted weft is dyed in the piece. For 
instance, the cotton warp is dyed with Cross Dye 
Black 4B, the ])icce is woven up with the woollen 
w'eft thrown over the face, crabbed, steamed, and 
singed, and the woollen is then dyed with Acid 
Violet F or Disulphine Blue in a bath of Glauber’s 
salt and sulphuric acid. Cross Dye Black and Cross 
Dye Drab are sulphur colours very suitable 
for this class of work, as they are very fast to acids 
and boiling water. The Acid Violet F and Disul- 
phinc Blue are used in extremely small proportions, 
say, IJ oz. to 100 lb. weight of the goods, and the 
result is a bright-faced material which could be 
obtained in no other way. Cross-dyed goods have a 
softer handle than those dyerJ w'holly in the piece. 

Mordant Colours. The wool nmy be dyed 
with an acid colour, the cotton mordanted and 
dyed with a basic, or the cotton may l)e mordanted, 
and the piece may be dyed with a basic colour. 

Cotton or ramie effect threadH. A very iK>pular 
style of dress material is made with a white cotton 
or ramie “ effect ” thread running through the 
goods, and showing on the face of the material 
in lines, 8trij>es, dots or figures. Bleached or bleached 
and mercerised cotton must be usihI, as these goods 
are always dyed in the ])iece ; the wool colours 
which will not even tint the cotton arc nlone 
admissible. As a rule, the acid and the chrome 
developing dyes are most suitable. A few exain]>leH 
will suffice. 

Mode Shade with White Cotton 
Effect. Mordant for \\ hours at the boil with 
4 per cent, bichromate of potash, and 3J per 
cent, tartaric acid. Rinse and dye in a fresh 
bath with lA per cent. Anthracene Chrome Blue 
B, A l^er cent. Brilliant Milling Blue B, 2 i>er cent, 
acetic acid. Enter at 120° F.. raise to the boil in 
half an hour, and boil for one hour. Then odd 3 
|ier cent, acetic acid, and boil for another hour. 

Black with white cotton effect. Prepare the 
dye-bath with 6 per cent. Carbon Black BD, 
20 per cent. Glauber’s salt, 3 per cent, acetic acid. 
Enter at about 130° F., raise to the boil, boil for 
half an hour, then add 2 per cent, sulphuric 
acid, and boll until the bath is exhausted. 

Black with white cotton effect. Prepare the dye 
bath with 6 per cent. Cashmere Acid Black MC 
or MCS, 20 |)er cent. Glauber’s salt, 5 per cent, 
sulphuric acid. Run the cloth in lukewarm, raise 
to the boil in half an hour, and dye at the boil for 
another half hour. 

Dyeing shoddy. Union goods are sometimes 
woven from “ shoddy ” — that is to say, soft woollen 
rags worked up for re* manufacture. This 
generally contains “ burls ’’—that is, cotton twisted 
into hard lumps in the shredding process. These 
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cloths ai^ xtsually dved in dark colours-— for 
instanoCp a logwood black on a tannin and iron 
mordant. Sometimes, however, the colours 
are stripped with sulphuric acid or other agents, 
and the goods are dyed in the same manner as 
other unions. For lighter shades, the burls are 
sometimes picked out with burling irons. 

Half-ailR* Hummel in his manual, pub- 
lished in 1805, dismissed wool and silk, and 
cotton and silk (half silk) mixtures as of little 
interest, but lately they have come more and 
more into vogue, and are now of high import- 
ance. Half-silk goods, broadly speaking, are 
treated like unions, but with greater precautions 
as silk is more difficult to handle than wool. 

Preparations for Dyeing. The goods are 
first singed, which must be done on the gassing 
machine, and as silk is more inflammable even 
than cotton, great care is needed. The goods are 
then scoured and rinsed in very soft water. 
A five- hole washing machine is suitable for this 
operation. The first scouring bath is made with 
good olive oil soap or white curd soap. For 
100 lb. of half silk, about 40 lb. of soap is used, 
but for a second batch of 100 lb. of goods the 
addition of about 20 lb. of soap is sufficient. 
The bath should not be used for more than 
three batches, as an old bath will give the goods 
an unpleasant odour. The second hole is 
filled with soap solution made with 10 lb. of soap, 
and little addition is needed for subsequent 
batehes. The next hole is a weak bath of soda 
to remove most of the soap. The fourth is water 
slightly soured with sulphuric acid, and the fifth 
is water alo^e in which a thorough rinsing 
is given to remove the acid. Only heavy goods 
require crabbing and steaming. If it is re- 
quired to bleach the material this is done with 
sodium or oxygen peroxide. 

Dyeing fialf^ilK. The colouring matters 
may be grouped in the same way ns those for 
wool and cotton, with the exception that the last 
group is eliminated. In fact, the treatment 
of the two descriptions of mixture cloths only 
differ in so far as the physical properties of the 
fibre interwoven with the cotton are different. 
In dyeing half-silk, very little Glauber’s salt must 
be used, and none at all for light shades, as the 
salt injures the lustre of the silk. The half-silk 
bath must be more alkaline than is requred 
for half- wool, and this secured by adding soap and 
carbonate or phosphate of soda. Soap is of 
great assistance in preserving the lustre of the 
silk. 

In the one-bath process the half-silk is entered 
into the lukewarm dye-bath, which is then 
gradually brought to rather under the boil, at 
which temperature it is kept for about an 
hour. For light shades the bath contains soap, 
soda, or soap and phosphate of soda. For 
dark shades a little common salt is also added. 

The cotton is allowed to dye in the cooling bath, 
and if the silk is to be darker the bath must be 
less alkaline. If, as haj^ens with many dyes, 
the silk does not get sumciently dyed, it must 
be topped with acid or basic dyes in a fresh bath 
with from 3 to 6 per cent, of acetic acid, cold 
for basic dyes, lukewarm for acid dyes. For get- 
ting two-colour effects (changeants), both wool 
and silk can be dyed togetner in some cases. 
For example, either Alkali Blue or Direct Yellow 
is dyed in one bath, followed by a rinsing and 
souring. The more usual practice, however, 
is to use dyes which leave tne silk white, and 


then to dye the silk in a fresh bath with an acid 
dye of a colour contrasting with the cotton. 
Another method is first to dye the silk with dyes 
which leave the cotton white, and then to dye 
the cotton with a basic dye on a tannin antimony 
mordant. To load the silk the fabric is often 
ut through a stannic chloride bath of 22*’ Tw. 
etween mordanting and dyeing. 

The tannin method is now used only in cases 
when greater purity and warmth of shade is 
demanded than can be got with a substantive 
dye. The general method of dyeing the silk 
as well as mordanting and after-dyeing the cotton 
is the same as for unmixed fabrics, except that, 
as in dyeing half-wool in more than one bath, 
it must be remembered that the after dyeing of 
the cotton always injures the shade more or less. 
The following are two illustrative recipes. 

Magenta on Half-silK. Make a bath with 
2 per cent. Fuchsine S. Enter lukewarm, and 
gradually heatup to 190° F., adding acetic acid 
to exhaust the bath. Finally boil tne bath up, 
lift, rinse, mordant the cotton in a cold tannin 
bath with about 8 per cent, of tannin, and soured 
with a little hydrochloric acid, give a slight rinse, 
pass through a cold tartar emetic bath, rinse 
thoroughly, and finally dye in a cold acetic bath 
with 0*75 per cent, of Diamond Fuchsine I in 
needles. Finally rinse and centrifuge. 

Shot Effect (Green and Red) on Half- 
allK. Dye the silk as above with Quinoline Yellow 
and Light Green SF yellowish. Mordant as above, 
and dye the cotton in a cold acetic acid bath with 
Sufranine XX, and Auramine II, rinse and wring. 

If the cotton dye goes too much on to the silk 
the mordanting was not done cold enough, or 
the goods were insufficiently rinsed after mor- 
danting, or were not dyed cold enough, or there 
was not enough acid in the dye- bath. If the 
tannin bath is too weak the cotton will come out 
too light. There must be not only the proper 
total amount of tannin, but the solution must 
not be too w^eak — that is, the bath must not bo too 
long. If a bronzy appearance is seen on the silk 
the water used has not been properly softened, 
or the soap w'as not rinsed out properly before 
dyeing, or too much dye was used. 

Wool and Silk* A very great variety of 
fabrics composed of a mixture of wool and silk 
are on the market. The warp and w’eft are w’oven 
in a large variety of wavs, and the difference of 
affinity and receptivity for dyes is taken advan- 
tage of by the dyer to produce many charming 
effects which have caused wool-silk fabrics to be 
always in request. A very ordinary form is a 
smooth fabric with silk warp and wool weft, 
but the warp or weft is sometimes thrown out on 
the face of the fabric in pattern. 

Poplin ^ a dress fabric for which Ireland is 
famous, Gforin, largely used for umbrella and sun- 
shade cloth, and Henrietla are famous examples 
of wool-silk mixtures. This last is a light weight 
dress fabric sometimes made from single worsted 
yarn, but in the best qualities with silk mixtures. 
On the other hand, in low qualities, cotton warp 
is substituted for the silk. 

Before the advent of the artificial dyestuffs, 
even when a self-coloured fabric was required, 
it was necessary to dye the warp and weft of a 
wool-silk fabric separately, and wnen a shot effect 
was desired it was secured by a twill weave in the 
fabric, and by using two already dyed fibres 
of different colours. Before the advent of the 
direct cotton colours combinations of acid and 
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basic dyes were used, but now the dyer can treat 
the wooI’Silk fabric in a single bath, even to pro- 
duce a shot effect. 

Preparing the Fabric for Dyeing. 

The bleaching and other preliminary operations 
differ little from the procedure adopted for pure 
wool, with the exception that the lustre of the 
silk must not be sailed. In some dye-houses the 
material is wrapped round a roller and soaked for 
about ten minutes between rollers in warm soap 
solution. The stuff is then re-wrapped and left so 
for half an hour. With very hard yarns the soaping 
is done on a full-width washing machine. Bleaching 
is done with peroxide of sodium or hydrogen, with 
or without a subsequent sulphuring. After sul- 
phuring, careful bluing is necessary to get a bluish- 
white. With this end in view, the goods are 
thoroughly rinsed the moment they leave the sulphur 
chamber, and given a bath containing a trace of 
acid violet and some acetic acid, in which they 
remain ten minutes at the most. With a strongish 
bath, or after a longer time, the silk will liccome 
distinctly bluer than the wool, and the ap]>earance 
will be ruined. It is of great advantage to be able 
to dye the piece, whether for a self colour or for a 
shot effect, in a single bath. Then all the grease and 
dirt which have become attached to it during spinning 
and weaving can be removed before dyeing, leaving 
the fabric in a |)erfectly clean condition. Thus 
no after-cleansing is required, whereas when the 
fibres are dyed in the yarn the goods must be 
cleansed after weaving to free them from dirt, and 
this has a deleterious effect upon the brilliancy of 
the colour of the finished fabric, more especially in 
the case of light colours. 

Dyeing Self Colours. Half-wool is or- 
dinarily dyed in the vat, but pale shades, the most 
difficult to get uniform, are dyed with a hand winch. 
It is a good plan to line the vat with calico to 
prevent rubbing tha material on the wood, which 
causes' streaks. 

The acid dyes are ordinarily used in a simple 
bath with Glauber's salt and sulphuric acid. 
In dyeing self colours the dyestuffs may be con- 
veniently put into two classes. 

1. Those going on silk and wool equally from a 
boiling acid bath. A slight difference of the shade 
is sometimes of little importance, and at others it 
it is aimed at to obtain a pleasing effect. 

2. Those going on wool deeper than silk. 

This is corrected for self colours by topping the 
silk with a basic dye. 

I'he acidity of the hath and its tem])erature have 
a great effect upon the evenness of colour. The more 
acid the bath the more dye goes on the wool. The 
exact procedure varies, and no hard and fast rules 
can be laid down. If, however, the silk is not suffi- 
ciently dyed or differs in shade from the wool it is 
a good plan to leave the goods in the cooling- bath 
for half an hour. If more dye is added during the 
cooling, most of it will go on to the silk. If this does 
not effect the purpose, the silk can be .shaded in a 
fresh cold or lukewarm bath with basic dye and 
acetic acid. The basic dye should not be added to 
the cooling- bath, as it will be liable to rub off. 
With the view of obtaining bright colours it is of 
great importance to dye as far as possible in old 
baths. Indejicndently of the saving in time and 
of Glauber's salt and sulphuric acid, fresh baths 
never give such lively hues as standing ones, especi- 
ally if the water used is not quite faultless. The 
saving in time is import-ant, for every second 
the boiling lasts beyond what is necessary, the 


duller the final shade. Pink, for example, must never 
be boiled for more than half an hour, and hence 
skill is required in shading. 

Pink is largely dyed with Acid Rhodamine IB 
and 3R in a lulling bath with from 4 per cent, to 
8 per cent, of tartar preparation, according to shade. 
This dye, however, dyes silk much deeper than wool, 
so that it is Inixed with Chromotrope 2R for Ij^kt 
pink, and with Fuchsine S for bluish pink. The 
combined dyes can be made to give a yellowish 
pink by adding Orange IT, which dyes wool and 
silk nearlv the same. For pale blue. Alkali Blue is 
very good. It is dyed with borax and soap at from 
60° C. to the boil. Then rinse well, and sour in a 
fresh bath with sulphur.c acid. Cream is dved with 
Azofiavine FF, shading with Quinoline Yellow or 
Orange II. Nile green is dyed with Patent Blue 
II and Quinoline Yellow, or, if a pure shade is 
wanted, with light Green SF yellowish and Quinoline 
Yellow, and on the hand winch, for it is difficult to got 
pale shades level with light green. The following 
are also useful dyes : Bordeaux Fast Red A 7, Fast 
Ponceau G, Orange II, Acid Violet 4R, Brilliant 
Croceine, Ponceau R and 4RB, Navy Blue, Acid 
Violet 6BN, 5BF, 3BN, Wool Blue S, Patent Blue V, 
N, C, Fast Blue, Fast Dark Blue, Guinea Violet ; 
and for deepening : Wool Green with Orange II 
or Fast Red. Black : Palatine Black 6B, Naphthyl- 
amine Black 4B, Wool Black GR. Add Acid 
Violet for blue black. 

Some of the dianil colours dye wool and silk 
alike in a neutral s.alt bath at the boil. These are 
the various brands of Dianil Yellow, Brown, Claret 
Red, Blue, and Black, Dianil Orange G, and Dianil 
Red 4B. It will l>e noted that these give a good 
variety of shades and the bath is simjdy made with 
Glauber's salt, the amount varying with the shtide 
desired. If the silk is dyexl too light the bath is 
pooled down a little, and the material is worked 
for some time at a lower teinj^erature. 

Shot Fffects. For shot effects, very familiar 
on gloria in umbrella and sunshade cloths, the usable 
dyestuffs may be classed as : 

1. Those which will dye the wool almost ex- 
clusively. 

2. Those which will dye only the silk. 

In the case of a large number of acid f?olours which 
go readily on wool, scarcely tinting silk, the dye-bath 
is prepared with 10 per cent, of acetic acid and the 
requisite percentage of the dyestuff. The material 
is entered at the boil and boiled for an hour or more. 
The shade must be dyed dee|)cr than the pattern, 
as a little colour will be taken off by the cleaning- 
bath necessary to rid the silk of tint. This is made 
with one gallon of acetate of ammonia to 1,000 gallons 
of water, and the goods are worked in this iintil 
the silk is clear of colour. In many instances the 
silk is 80 little tinted that a lukewarm bath of water 
is all that is required. The silk is sometimes dyed 
with a basic colour in a boiling acid bath, but there 
are many dyestuffs which dye silk in a cold acid 
bath without affecting the wool. 

The following colouring matters go on the wool 
alone : Palatine Red, Azo Crimson S and L, Wool 
Scarlet 4R, Orange GG, Tartrazine, Naphthol 
Yellow S, Indigo Extract, Azo Acid Blue 6B, Azo 
Acid Black, and Victoria Violet 4BS. 

Those dyestuffs which give a full shade on silk 
in the cold, and have little affinity for wool, include 
the following well-known basic colours : Magenta, 
Safraniiie, Rhodamine, Acrktine, Orange NO, 
Phosphine Malachite Green, Turquoise Blue, Methy- 
lene Blue, Methyl Violet, Coal Black H. 
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QUANTITY SURVEYING 

BUILDING 

The Methods of Ascertaining: and Stating the Quantities of the 

45 

Various Classes of Material and Labour in Building Work 

ConiiiiiKHl frou: 


By F. H. A. HARDCASTLE 


Q uantity surveying is b. process in building 
enterprise which comes, in point of time 
between the preparation of the drawings and 
specification by the architect and the making of 
an estimate by the builder. A bill of quan- 
tities purports to set out, in the terms usually 
employed in the building trade, the quantity of 
materials and labour which will have to he supplied, 
and, generally, the services which must be ren- 
dered in erecting and completing a particular 
building for which ten ters are desired. 

Qualifications. To make a successful quan- 
tity surveyor the qualities of character requisite 
are a love of accuracy and thoroughness and. 
what may be termed intelligent doggedness ; in- 
tellectually, a taste for analysis, for calculation, 
for construction, and for mechanical contrivance. 
The young man who hopes to attain his results by 
brilliant dashes has no place here. 

The g nenil education which must precede tech- 
nical training inclurfcs (clearness and neatness in 
writing — esjiecially in the making of figures — the 
aliility to write Knglish with precision and flistinct- 
noss, a thorough knowled^ of arithmetic and 
mensuration, and a firm grasp of elementary 
mathematics, including plane and solid geometry — 
as taught at South Kensington — some familiarity 
with mechanical and — if jKissiblc — freehand draw- 
ing, and bookkeeping. With this equipment a lad 
of 1 fi or 1 7 will be ready to begin the study of the 
technical work of quantity surveying. 

Squaring. Measurements in a quantity sur- 
veyor’s office are calculated in duodecimals, and 
the first work he would there be put to is what is 
known as “ squaring dimensions.^’ An example 
Follows : 
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Of the three columns on tlio left hand side of 
the paper the middle one is for the actual measure- 
ments, or “ dimensions,” which are knoum as 
oub^ ” (f.c., solids), ” supers ” (t.c., areas), 
” runs ” (».c., lineal measurements), and “ numbers.” 
The column on the left is for ” timesing ” (».e., 
multiplying) ; in the column on the right are put 
down tne results of the ” squaring.” The result 
is usually calculated to one place of duodecimals ; 
if any remainder fall short of 6 it is neglected; 
if 6 or over, a unit is added. In some oases, as in 
measurements of steel, iron or copper, the squaring 
is carried to two places. The third item given 
above is a semicircle of 5 ft. diameter, its superficial 


area being set down in the third column. The 
next item represents a solid mass semicircular ou 
plan and (> ft. deep ; in the third column is its 
cubical content. The process of “ timesing ” is 
as follows : “ 2/” means twice ; “3/2/” means first 
multiplied by two and then by tliree, or six times ; 
“1*3/2/” means multiplied by two, and then by 
three plus 1 (or four) — ».c., 8 times. The figure “ 1 ’ 

/2 ^ 

is said to be “dotted on”; “3y j / ” means three 

times three, or nine times. The student will do 
well to practise squaring dimensions (which he can 
easily invent) until he beromes proficient. 

Abstracting. The next process in the work 
is “abstracting,” somewhat analogous to “posting” 
in bookkeeping from the day-book to the ledger, 
and consists in transferring the results of the 
“ squaring,” together witii the descriptions of all the 
items on the columns of dimensions, to the sheets of 
abstract, at the same time arranging them under the 
various trades to which tliev belong, and in the 
order in which they are finally to appear in the 
bill. Abstract paper is usually ruled as shown in 
the illustration, the vertical lines being rather less 
tliaii an inch ajiart. Sometimes these lines are 
made by folding the paper. Tlie chief difficulty in 
abstracting is in the “setting-out” — that is, in judg- 
ing of the amount of 8)>ace to leave for the different 
items. It will be readily understood that quantities 
of the same item occur many times in different 
parts of the slieets of dimensions, and one of the 
objects of abstracting is to collect them s > as to form 
one item in the bill. Example of abstracting: 



The only dimensions that sometimes undergo 
a change in their way to the abstract are those 
of brickwork. In the usual or “ l.rf)ndon ” system 
of measurement, brickwork is reckone<l in Bux>erficiul 
“ rods” (t.c., 272 ft.), reduced to a thickness of 
brick, and the items are abstracted in a way to 
facilitate this. Thus 500 ft. super, of 2 B (t.c., wall 2 
bricks, or 18 in. thick) would be abstracted as 
1 ,000.0 under the head of 1 B ; 500.0 of 3 B, as 
1,000.0 under 1} B ; 500.0 of 2k B os 600.0 under 
1 B, and 600.0 under IJ B ; oCKhO of 2J B as 600.0 
under I B, and 250.0 under 1 J B, and so on. When 
the columns have been added up, and the deductions 
subtracted, the total of 1 B is “ reduced ” to 1 J B 
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by deducting one-third (or multiplying by two 
and dividing by three), the result is then added to 
the B, and the sum divided by 272. Expertness 
in abstracting can be attained only by practice. 
The following general maxims, however, may use- 
fully be borne in mind. Bo not be afraid to use 
plenty of paper. Be careful to nut the figures exactly 
under those to which they will nave to be added. Bo 
not take any liberties with the dimensions. Abstract 
the descriptions precisely as they are given by the 
taker-off, and, above all, do not nse any abbrevia- 
tions of your own invention. Abstract all notes and 
memoranda as carefully as any of the dimensions. 
As each item is abstracted a vertical line is drawn 
through it on the sheet of dimensions. The abstracts 
are then checked, the items thereon being ticked in 
red, and the corresponding items in the dimensions 
cut through in red. This done, the abstracts are 
“ made up ” — that is, the columns of figures are cast, 
deductions abstract^, and then results brought 
into suj^erficial yards, cubic yards, cwts., qrs., and 
lb., etc., as the case may be. This work, for the 
sake of clearness, is commonly done in violet and 
checked in red, or done in red and checked in black. 

Billing. Billing consists in taking from the 
abstracts, when prepared as above described, the 
various items thereon and throwing them into the 
form of bills ready for pricing. The following is 
a usual order of bills. No. 1, Preliminary. This 
bill consists of general items not susceptible of 
measurement and not belonging to any particular 
trade, and yet important to be borne in mind as form- 
ing an element of cost — for example, provision of 
water for the works, sheds and latrines for workmen, 
office for the clerk of works, insurance from fire and 
making good after that or any other accident, 
keeping the building in repair for a stipulated time 
after completion, risks under the Employers’ Lia- 
bi'ity Acts, and other matters extracted from the 
conditions of contract and the preliminary clauses 
of the specification. 

No. 2, Excavator and Concretor : No. 3, Brick- 
layer and drains ; No. 4, Mason ; No. 5, Tiler (or 
Slater) and Slate Mason ; No. 6, (’arpenter; No. 7, 
Joiner and Ironmonger ; No. 8, Plasterer; No. 9, 
Founder and Smith, Casfitter (or Electric Lighting 
Engineer), Bellhanger, Hot- water Engineer ; No. 10, 
Plumber; No. 11, (dazier ; No. 12, Painter and 
Paperhanger ; No. 13, Summary. 

At the head of each bill are put the general 
clauses from the specification touching the labour 
and materials proper to the trade — for instance, the 
nature and quality of the bricks, stone, slates, timber, 
steel, etc., the composition of the concrete and of 
the mortar, the bond of the brickwork, the gauge 
of the slating and the like. Of the order of the items 
in the various bills it is not possible to give more 
than a general account. Suffice it to say that, 
usually, “ cubes ” come first, then “ supers,” 
runs,” and ” numbers.” Within these divisions 
the order followed is, generally speaking, that of 
increasing value. 

Taking-off. We now come to ” taking-off,” 
or the measurement of builders’ work from the 
drawings and specification prepared by the architect. 
Here it is that the chief work of the quantity 
surveyor is found, and on his excellence in this will 
his standing in his profession rest Burii^ the 
whole of the time the student is engaged in the 
subordinate class of work already described he 
should keep his eye on the ” taking-off” and lose 
no opportunity of qualifying himself for it, spending 
an evening or two every week in studying building 
construction at classes such as are held at the various 
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polytechnics or under the Education Bepartmont^ 
South Kensington. It has been said that in order 
to take-off properly a surveyor must understand 
every process in every trade. This is perham a 
slight, but only a slight, exaggeration. The student 
will do well, therefore, to keep his eyes open and 
observe any building work, however trivial, that 
may be going on, if it is only a carpenter putting 
in a sa^-line or a plumber bending a pipe or 
wiping a joint. Every opportunity, too, should be 
seized of going over buildings in progress, especially 
while the workmen are there. True, much informa- 
tion may (and must) be got from books, but the 
student should make a ]Mint of getting into contact 
vjitk (he work itself ^ and should not be satisfied 
until he has seen an example of whatever he has 
read of in his studies. Failing this, he will find 
himself at an immediate disadvantage when he 
comes into contact with other surveyors, and 
especially with builders. 

General Rules of Measurement. 

In the following pages it is assumed that the 
student has become familiar with building terms. 

In measuring a length, always measure from left 
to right. In measuring a “super” — for example, 
a door — the first dimension taken should be the 
width, the second the height, and the item would be 
booked thus : 

.3 0 2" deal moulded both sides, 

^ 7 0 , , four-panel door. 

In measuring a “ cube ” — for inst inoe, a stone — the 
first dimension taken is the length, the second the 
distance from front to back, and the third the height. 
This order should never be departed from. Walls, 
plastering, slating, etc., are measured as if the 
ojienings in them did not exist. These will be 
deducted later. In booking the dimensions care 
should be taken to avoid crowding. Not in- 
frequently it is necessary to go back and insert a 
dimension, and a good rule is to leave room between 
every two dimensions for another. In writing the 
descriptions it is important to keep well clear of 
the line on the left, bearing in mind that the squar- 
ing has still to come. If any dimension is arrived 
at by calculation the process should be shown on 
the right-hand side of the column, thus : 
i I 1 N 84 0 

I 11 E 43 0 


127 0 
Bdt. 10 6 

116 0 

116 6 1} Bin cement. North and East 

14 0 walls ground floor to first. 

Generally state at the end of the description the 
situation of the work in question in the building. 
Head carefully through the specification before 
beginning to take off. Never put down an item 
that you do not yourself understand, or do not 
s?e how it is going to work, even if you can quote 
chapter and verse for it from the specification. 
The architect is entitled to expect you to consult 
him upon it. Settle your order of taking off, and 
having settled it, be exceedingly chary of departing 
from it even if another way seems less cumbrous 
in a particular case. It is often important to 
be able to go back, perhajM a year or two later, and 
follow a measurement without hesitation.^ 

Order of Taking-off. Until some thirty ' 
years ago it was the practice to take off each trade 
separately, but that custom is now quite out of 
date, and modem surveyors, broadly speaking. 
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neaBure not a trade, but a thin^, whether it happens 
;o involve one trade only, or several. The excep- 
iions to this rule are joinery, plastering and painting. 
The following order of taking-off is recommended : 

Excavation and concrete foundations ; brick- 
work ; damp-proof course ; external facings ; 
ntemal facings ; formation of internal openings 
ind recesses ; tires ; ventilation ; external openings ; 
loors ; stone or concrete staircases ; quarter 
partitions ; roofs ; eaves gutters and rain-water 
pipes ; internal plumbing and water supply ; drains ; 
tiot- water engineer ng ; gnsfitting ; l^llhanging ; 
joinery ; plastering and paperhanging ; painting. 

Excavation, Concrete and Walts, 
[f the architect has not supplied a plan of the 
Foundations it is often worth the surveyor’s while 
to make one himself. 

The first item of digging is sometimes a super- 
ficial one for removing the vegetable soil to a stated 
[lepth, say 10 in., but the general excavation is 
taken by the foot cube. If the contour of the site 
is irregular, an average depth maybe got by a series 
of ordinates. When the “ surface excavation ” — 
to bring the level down to that of the concrete 
under the ground floor — has been taken, the 
excavation for the basement is measured, first to a 
deptli of 6 ft., describing it as not exceeding fi ft. 
deep, thence to a depth of 12 ft. (or less, as the case 
may Ije), describing it as “ commencing at 6 ft. 
d(H}p and not exceeding 12" 0" deep,” and so on. 
The description must be worded so as to provide 
for any old foundations, roots of trees, drain-pipes, 
etc., that mjiy bo encountered. The excavation 
for the trenches should next be taken, first those 
below the basement, described as ” Excavation for 
trenches commencing at basement level and not 
exceeding (i" 0"" below same,” and so on. Now, 
as to dealing with the earth excavated. In the 
ease of, say, a mansion in a park, where the surplus 
earth can be easily disposed of, it will probably be 
sufficient to say of the excavation from the trenches 
” part returned filled in and rammed, the remainder 
wheeled, spread and levelled ns directed.” But 
usually, and in particidar in large towns, where the 
removal of the earth often costs more than the 
digging, the portion carted away should be kept 
separate from that returned and filled in. A 
convenient way of doing this is first to measure all 
the earth taken from the trenches as returned and 
rammed, and then to take items of “ deduct return 
and ram, and add cart away,” thus : 


J 150 0 

I 3 

I 5 0 


150 0 
3 3 
2 0 


; 150 0 
1 11 

150 0 
1 2 
2 9 


Excavate trenches not exceed- 
ing C' 0" deep, and throw out, 
and 

Return and ram around 
foundations. 

Concrete as de.scribed, 
and 

Deduct return and ram, 
and 

Add fill and cart away. 

Deduct return and ram, 
and 

Add cart away. For footings. 

Ditto Ditto 

And 

Ditto For wall. 


The area of the sides of the basement and of the 
trenches may now be measured for strutting and 
planking, keeping them separate. Next take the 
concrete foundations, using the dimensions of the 


trenches for this purpose, and not forgetting the 
“ leg ” required when a shallow trench abuts on a 
deep one [Fee sketch]. 

Next come the external walls, beginning with the 
footings, then the internal walls, chimney breasts 
and stacks, and piers. 
Great care is necessary to 
emon avoid missing any of the 
internal walls. A good plan 
is to take first all that 
run from left to right, and 
then all that go at right, 
angles to these. The 
dimensions of the concrete 
for the external walls may 
sometimes be used for the 
brickwork. The walls may be conveniently taken 
floor by floor, but chimney breasts and stacks should 
be ttiken one by one, from bottom to top. The 
damp-proof course should next be taken from the 
measurements of the brickwork — as, for instance, all 
the one-brick walls collected and the total booked 
as a dimension by 9 in., and so on. Then the 
vertical asphalting on the outside of the basement 
walls next the earth as a ” super ” dimension, not 
forgetting to give the total length of the internal 
angles as “solid fillet at internal angle.” 

Any requisite steel girders, etc., to support walls 
on the upper floors should be taken with the brick- 
work, or noted to he taken later. The chimney 
breasts usually grow wider as they go up, and require 
3 in. or 4 in. self-faced York stone corbels where 
they set off. Keep separate any brickwork in cement, 
also any brickwork hoisted more than 40 ft. above the 
ground-floor level, giving the stages 40 ft. to fiO ft., 
&0 ft. to 80 ft., and so on. All right angles are 
included in the price of the brickwork, but a lineal 
measurement is taken of all others — “ birdsmouth,” 
if internal angles ; “ squintquoin ” if external. 

External Facings— Chimneys. Measure 
the weathering on the tops of the chimney caps 
(super), next the cornices and neckings, etc., begin- 
ning with the projecting brickwork (su}»er), and 
following with the cornice (lineal), as thus ; “ 24.0 
Extra on ordinary brickwork for red-brick moulded 
cornice, as sketch, five courses high, two square and 
oversailing, and three moulded.” Number the 
mitres and returned ends, and measure the cement 
weathering on top. Take the general facing down 
to the roof line. 

Copings. Take the brick copings (run), and 
describe os in the sjK?cification, separating the level 
from the raking 
and numbering the 
mitres, etc. Simi- 
larly, measure the 
stone coping, de- 
scribing the ma- 
terial and the la- 
bour - for instance, 

G4 ft. run, 12 in. 
by 4 in. Rubbed 
Portland stone coping, weathered, moulded, and 
twice throated (as sketch), and set and pointed in 
cement ; 20 ft. run, 12 in. by 4 in. ; ditto raking 
to gables. 

No. 4 external angles. 

No. 2 internal angles. 

No. 3 fair ends with returned and mitred moulding 
etc. 

No. 2 kneelers (eis sketch), 13 in. by 12 in. by 10 in 
(labour and material). 

No. 2 bonders, 10 in. by 12 in. by 10 in. (labou 
and material). 
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No. 1 apex stone, 16J in. by 12 in. by 11 in. 
(labour and material). 

Number the cramps as specified. Take fair raking 
cutting (run) to facings on both sides of the wall 
under the raking coping. 

Cornices* etc. The brick cornices, string 
courses, etc., will be measured ns already described 
for the cornices of chimney stacks. If of stone, take 
them by the foot run, numbering the mitres, etc. — 
for example, 

150 0 I 1 18 in. by 12 in. Portland stone 

cornice, rubbed, weathered, 
and moulded (as sketch), and 
set and joggle-jointed in 
cement. 

No. 2 Stopped ends. 

No. 6 External angles. 

No. 2 Irregular angles. 

No, 4 Internal angles. 

General Facings. The general facings may 
now be taken, between the string courses, etc., but 
orcf all openings — c.y.. 


150 0 

28 6 


Some surveyors here follow with the joiner’s work 
for the ox>eninff. 

If, instead of a lintel, we have an arch, we get : 


JS. eleiHition 

44 

6 

E. rlei'afion 

30 

0 

S. elemtion 

20 

0 

At break 2/.9 

= 1 

6 


10 

0 


14 

6 

W. elevation 

30 

0 


150 

6 


Extra on ordinary brickwork 
for facings of best red Fare* 
hams, the joints raked out 
and afterwards neatly iK>intcd 
with a weathered joint. 


3 2 
9 

No. 1 


Fire. 

3 0 
3 0 

No. I 


5 0 


No. 1 


I Centring to segmental arch. 

Extra labour and waste and 
cement for segmental arch in 
cement, 3 ft. span, 1 B. on 
soffit, 1 B. high. 

Example of measurement places : 


H B. deduct. 

Extra to segmental arch 3 ft. 
span, 1 B. X 1 B. a.b. (a.b. 
means “ as before ”). 

2} in. X J in. wrought- iron 
chimney bar, caulked and 
cambered and building in by 
bricklayer. 

2^ -in. York tooled hearth, edges 
jointed, and bedding in 
mortar. 

Back, 

2J-in. ditto, rubbed ditto. 

Front 

Half- brick in cement trimmer 
arch, and levelling in fine 
concrete for hearth, 
and 

centring trimmer arches. 

Skewback cutting. 

4i-in. by 2|^-in. deal feather* 
edged springer. 

Filleting soffit of trimmer arch 
for lathing to. 


If the facings be of stone we should, instead, get 
an item such as the following : 


150 

28 


Rubbed Portland stone ashlar, 
average OJ in. on bed and 
setting and pointing as 
described. 


Internal Facings. Measure the surfaces of 
the walls faced with brick ; also the limewhiting or 
distempering, taking the description from the 8t>eci- 
ficatiou. In the c ase of glazed brick facing, give the 
run of the internal angles as “Extra for waste at 
internal angles.” 

Internal Openings. Begin on the lowest 
fioor, and take the formation of all doorways, 
borrowed lights, archw’ays, and recesses. £xamx»lc 
of doorway : 


No. 1 

No. 1 
No. 1 


No. I 


No. I 


Slow-coinbuFtion stove, p.c. 
£3, and add setting same with 
the requisite bricks in mortar, 
firebricks, and fireclay. 

Rendering in lime and hair 
mortar to backs of fireplaces. 

Flue 30 ft. long, parged with 
cow-dung parge, and cored 
out at completion. 

Red terra-cotta chimney-pot, 2 
ft. 0 in. high, and setting and 
flaunching in cement. 

Chimney-piece, p.c, £4, and add 
fixing in best manner with 
the necessary galvanised iron 
cramps, dowels, and cement, 


3 0 


7_ 

j) 

3 

9 


G 

r 



No. 5 

3 9 
9 

No. 2 


1 B. dcnluct 

Between kitchen and pasitage. 

1 B. deduct 

For lintet 

9-in. by G-in. concrete lintel, 
including 2 in. by 2 in. by 
4 in. R.S.T. the whole 
length ; also any requisite 
casing (brickwork deducted). 

Extra on brickwork for concrete 
fixing bricks, 9 in. by 4} in. 
by 3 in. 

3- in. tooled York threshold, 
edges jointed, and bedding 
iu cement. 

Ends ditto, cut and pinned in 
cement. 


etc. 


No. 2 

4 0 
3 G 


No. 1 


Notx^hing 2} -in. York hearth 
for jambs of chimney-piece. 

Deduct render float and set 
walls, 

and 

Deduct paper at 38. per i)ieoe. 

Making good in Parian cement 
to plastering around chimney- 
piece. 


The void in the case of fiues (up to 14 in. by 14 in.) 
is not deducted. It is left to pay for the forming oJ 
the flue. 

Ventilation* Take, first, all the foul -air 
extracts, and then the fresh-air inlets. Number the 
prating, etc., and fixing, taking the descriptions 
from the specifioatioQ. 
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No. 1. 14 in. by 9 in. cast iron galvanised air grating 
of approved pattern and building in, in- 
cluding forming opening in 1^ B wall, finished 
all round with f in. Portland cement trowelled 
smooth, also the requisite 3 in. tooled York 
lintel. 

The ventilators in the roof are usually taken 
with the roof. 

External Openings. First deduct the 
brickwork, then take the work on the inside and 
aftcrwni’ds that on the outside of the wall. 

E.xample . 


2/ 4 0 

2 / 0 3 

2/ 3 0 

0 0 

2/ 6 3 

9 

2/ 5 3 

2 / 2 / 

2/ No. 1 

2/ 3 11 

2/ 3 11 

ti 


2 / 4__2 

2 / 2 / 

2/ 4 4 

2/ 4 2 


2/ Nn. 2 

2/ No. 2 

2/ No. 1 


1 B deduct. 

Night nursery windows 

( 2 ). 


I B deduct For lintel, 

9 in. by 9 in. concrete 
lintel, etc., a. b 

Concrete fixing bricks 
a. b. 

2/46=90 
2/G 3 = 12 6 

21 0 

Window frame 21 ft. 
0 in., around bedded 
in lime and hair and 
pointed in cement, 
the sill bedded in 
white lead. 

Centring to 4.J in. seg- 
menUil soffit. 

Extra on brickwork 
for red rubbed and 
gauged arch in 
T.L.B., rubbers set 
in cement and raked 
out and pointed to 
match the general 
faf ings. 

Ditto, and deduct red 
facings a. b. 

Skewback cutting to 
facings (at ends of 
arch). 

Circular cutting to 
facings (over arch). 

I I in. by 0 in. rubbed 
Portbmd stone win- 
dow - sill, sunk, 
weathered moulded, 
throated, and 
grooved for iron 
tongue, and setting 
in oement (as sketch 
in next column). 

Fair ends with mould- 
ing returned and 
mitred and stop- 
pings to weathering, 
etc. 

Ends of sill cut and 
pinned to facings. 

Sill bedded hollow 
and made up and 
pointed ajb comple- 
tion. 


2/ 2/ 4i 

2/ 3 9 

6 9 


Red facings as before. 
Reveals 6 3 
6 

Deduct facings as 
before. 6 9 


Some surveyors here follow with the joiners* 
work, etc., of the window. 

The external openings should be taken floor by 
floor, beginning at the bottom and sometimes front 
by front. 

Measurement of Stonework. In the 

foregoing instance the facings are assumed to 
be of brick. When, however, the facings of the 
front or the dressings of the 
openings are of stone, the mea- 
surement of the work on the 
outside is modified accordingly. 
It may be convenient at this 
point, therefore, to deal with the 
mode of measuring stonework, of which some general 
accountmay here oe given, though the matter is too 
complicated to be explained with completeness. All 
stones not more than 3 in. thick are measured 
“ super.** Copings, cornices, string courses, plinth 
courses, are commonly taken by the foot run, with 
a sketch of the section, the mitres, etc., being 
numbered. Sometimes the stones are “cubed up*‘ 
and described, being classified under several heads, 
as “ cube Portland stone and all labours in plain 
string courses *’ ; “ Do. in moulded do. and cor- 
nices ’* ; “ Do. in moulded and rebated jambs of 

doors and windows,*’ etc., accompanied by sketches 
illustrating the character of the work. 

The most scientific mode, however, is to take the 
stone and the labours upon it separately. The only 
labour included in the price per foot cube is that 
needed to saw or draft it to its size, and to hoist and 
set it. First the size is taken as the smallest imagin- 
ary rectangular cube that would contain the finished 
stone, and if any particular stone is longer than is 
usual (generally 6 ft. and over), it is kept separate 
and called “ scantling.’* The heading of the mason’s 
bill should state that “ the stone is measured net 
as set, including preliminary labours.” The follow- 
ing are recognised labours taken by the foot super. 
“ Back,” the labour on the back of the stone, where 
it comes into contact with other material — as 
brickwork ; “ bed,” the labour on the horizontal 
surfaces above and below coming in contact with 
stone or other material ; “ joint,” that on the simi- 
lar vertical faces at right angles to the front face 
(those are usually added together, the quantity 
halved, and described as “ one face measured for 
two”): “sunk bed and joint,” similar labour to 
bed and joint, but not rectangular with the adjacent 
faces, or rebated — as the joints of the 
vou.ssoir of an arch or the sinking for 
a door frame (the last-named labour ^ 
is sometimes kept separate): “cir- 
cular bed and joint,” the labour when 
convex as at the top of a voussoir; 

“ circular sunk bed and joint,” that 
where concave, as at the bottom 
of a voussoir when not ex^xised; 

“ i»lain work,” the labour on the 
exposed plain surface ; “ sunk work,” 
that similar to sunk joint, but ex- 
posed, as the weathering on the top 
of a sill. Whore the sinking cannot 
be worked without impediment (or 
worked “ through **), as in a rebate 
on the outside of a window head, it is 
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termed ** sunk work stopped.” This applies also. to 
other labours. “ Circular work” is the face labour 
to convex surfaces — as to the shafts of columns ; 
” circular sunk work,” the like to concave surfaces 
as to the soffits of arch stones ; circular circular 
work,*’ the labour to the face when circular both 
ways, as to the outside of a dome ; “ sunk work 
circular circular/’ that to the inside of a dome ; 
“ moulded work ” is measured over the whole 
surface as by a fine string ; “moulded work circular 
continuous,” as to the moulded base of a column : 
The following are taken by the foot run : chamfers 
up to 3 in. wide, mouldings up to 6 in. girth, groove, 
tlvoat hollow groove), joggle, and the like; 

stopped ends, mitre.s, mortises, perforations, etc., 
are numbered. Examples : 


2/ 

1 2 
10 

6 2 


2/6/ 

1 2 

10 


2/ 

2 0 
6_2 


2/ 

1 11 

5 2 


2/ 

1 5 

5 2 


2/ 

5 2 


2/ 

5 2 

12 0 

1 8 
1_0 


• 

12 0 

' 


>/ 

1 8 
10 


'/ 

1 8 



1 8 

1 0 

No. 6 

12 0 

11 

No. 8 

3 0 

1 9 

9 0 


I 

! 

1 9 


1 

No. 4 


1 

1 

No. 4 
12~~0 


1 

i 



Cube Portland stone and 
hoisting and setting as 
de-crib^. {Six stoiies.) 
Jambs of wir^w^ south of 
library, [ See sketch. J 
Bed (one face measured for 


two). 

I 2 

Half joint. 

10 


2 0 

Plain work 

10 


6 


1 4 


Moulded work. 

Moulding 4in. girth. 
Groove for iron casement. 


Cube Portland stone a. b. 
Cornice of bay window 
adjoining. [See sketch 
below.] 

Bed. 


Joint. 

Cement joggle. 

Sunk joint (all measured). 

Lead cramps and mortises 
as described. 

Sunk work. 

Mitres to 11 in. splay. 

Moulded work. 

Moulded work stopped. 

Mitres to moulding 1 ft. 9 
in. girth. 

Irregular do. do. 

Labour carving egg and 
tongue enrichment p.c. 
j>er foot run. and attend 
carver to same. 


Floors* First take the “ hard ” floors, then the 
timber floors. Begin with the basement. Take any 
requisite hard core (super) describing the thiokness, 
“ well rammed and levelled for pavings,” the con- 
crete bed, the cement floating, and the tile or other 
pavings, to the last-named of which, if the plan be 
irregular, take a “ run ” of “ raking cutting and 
waste.” To the upper floors take any caist-iron or 
steel columns or st^chions, girde.s and steel jotsts. 
Cast-iron columns are measured up in detail (super) 
as metal of such and such thickness, weight^ out, 
5 per cent, being added for featherings, and billed as : 
Cwt. qrs. lb. 

128 2 14 In No. 6 cast-iron columns and hoist- 
ing and fixing by bricklayer at first 
floor level. 

No. 1 pattern to cast - iron column 
9^ in. mean diameter, 13 ft. high, 
]| in. metal, with moulded and 
bracketed cap and base and moulded 
necking. 

Cast-iron stanchions are taken similarly. Steel 
joists are taken by the foot rim, and weighted out, 
those 12 in. deep and over being kept separate. 
Compound girders are measured up in detail, and 
kept separate with description : this is also the case 
with riveted plate girders. -In the last-mentioned 
case a percentage is usually added for rivet heads 
(from 2 per cent, to 5 per cent.). The shanks of the 
rivets take the place of the holes in the metal. 

Connections of girders should be numbered and 
described. The steel work of a floor having been 
taken, next measure the flat- boarded centering, 
the concrete — giving the thickness — ^the cement 
floating, etc., as before described. The timber floors 
now follow, beginning with the sleepy walls, etc., 
and the sleepers, plates, and ground joists (cuIhmI 
up and described as fir and labour in sleepers and 
ground joists”). To the upper floors, take any 
steel girders, and then similarly measure the joists 
as “ fir framed in floors.” Take the ends built in, 
and any stone or iron corbels next flues. Take the 
herring-bone strutting by the foot run. Measure 
any sound boarding and pugging over the whole 
area of the floors, and add to this description 
“ joists measured in.” 

Quarter Partitions, Take each piece of 
timber by the foot cube and describe as “ fir 
framed in quarter partitions.” Keep separate any 
that are “ trussed,” and describe the latter as 
” fir iramed in trussed partitions.” Measure the 
horizontal timbers first, then the vertical, then the 
raking. Measure the straps by the foot run, and 
describe as “ wrought iron in straps, forged as 
required, including perforations and fixing by 
carpenter.” Number the bolts. 

Staircases. Hero follow the stone or con- 
crete stairs, the steps being taken by the foot run 
by 14 in. by 7 in., or whatever may 1^ the extreme 
size, and the material, finish, and form — as whether 
square or spandril — stated. The labour to the 
ends is numbered, as “fair ends,” or “fair ends 
with moulding retivrned and mitred.” The ends 
cut and pinned are also numbered. Winders are 
numbered and described, the extreme dimensions 
being given, with sketches. Next take the land- 
ings by the foot super ; similarly, the labour on the 
edges by the foot run, as also th'3 
“ ^ge cut and pinned.” , 


Ill 


III 


Number the newels and balusters, and the mortises 
and lead for them. Take also hero the handrails, 
whether of metal or of wood, by the foot run, 
stating if “ ramped ” (curved in a vertical plane), 
“ circular level (curved on the horizontal plane), 
or “ wreathed ” (curved in two planes, as at the 
turn round a well hole). If the handrail be of 
wood, take at each joint a heading joint and 
wrought-iron handrail screw, the heads, ete., let 
in and pelleted ” — that is, concealed with wood 
pellets lot in. 

Roofs. If the architect does not supply a roof 
plan, it is worth while to make one yourself, or get 
one made. First, take the roof trusses, measuring 
by the foot cube each timber separately, thus: tie- 
beam, principals, king-post, struts ; and describing as 
“fir-framed in roof trusses.” Number the cleats 
for purlins, also the cast-iron shoes and heads, 
giving the weights and stating how many patterns 
will be required. Take the stra])s and bolts as already 
directed for partitions, and number the wedges and 
cotteis, giving the weight. Take also the stone 
templates and heels of roof truss cut and pinned. 

If the trusses be of steel, each piece should be 
measured in detail, and the whole reduced to weight. 
The item would then ap])ear in the bill somewhat 
as follows : 

Cwt. qrs. lb. 

244 1 7 In No. 7 steel riveted roof trusses, 

59 ft. span, 15 ft. rise, of 4 in. x 4 in. 
angle as principals, 1 } in. and 2J in. 
diameter tie rods, 2J in. > J in., 
31 in. V J in., and 1 in. diameter 
bar as struts, etc;., t in. connecting 
plates, and all fitting, forgings, and 
cutting, rivets and bolts and holes, 
and hoisting and fixing by brick- 
layer, the ai>ex 54 ft. above ground - 
Hoor level. 

Measure the su|:)erficial area of the slating (or tiling) 
with the deal battens for same, and roof boarding 
and felt. If all the h1o|)cs are of the same pitch, the 
hips and valleys do not affect the area. 



The area of this roof is taken in two dimensions, 
thus ; 


2/ 07 0 

15 0 

2 / 12 0 

8 0 


1 Slating as described, 

I and 

2 in. >: J in. deal battens 
spaced for countess slating 
and well nailed ; 
and 

J in. deal roof boarding, 
English cut, closely jointed, 
and all splays, notchings, 
etc., and well nailing, 
and 

felt as described, well nailed 
with clouts, and including 
lips (measured net, as seen). 


Collect the total length of the eaves thus : 

2/ 25 6 = 61 0 

27 C 

2/ 12 0 = 24 0 
2 6 
3 e 
20 e 


135 3 


Extra labour and 
materials to slating 3 
at eaves 3 3 


135 a 


From the length of the eaves may now be taken 
the caves fillet at eaves (run), or eaves board (suixsr.), 
and the plate may be calculated; the roof plate 
(cube) next, and other horizontal timbers should 
be taken, as ])urlin8, ridge-rafters, and slate or othei 
ridges; then the rafters and the ceiling joists (cube), 
the extra labour and material to slate verge (run), 
and the deal tilter thereto, the deal tilter next 
gable walls, etc., and the lead soakers and flashings 
to make watertight connection between the edge 
of the slate roof and the wall. Lead soakere 
(8uj)er and weighted) are of 4 lb. lead, one to each 
course of slates (or tiles), lying 4 in. under same, 
and going 4 in. up the walls ; the length should 
equal the gauge of the slating, plus the lap, 
plus 1 in. 

Number them for fixing by the slater. For secret 
gutters, about 13 in. of 5 lb. lead is required. Next, 
5-lb. lead stepjMid flashings, 6 in. wide, as cover 
(super and weighted). Lastly, the running length 
for lead wedging and for raking out joints of brick- 
work and }K>inting in cement to stepped flashings. 
All lead work is measured strictly net, with nc 
allowance whatever for waste. 

To chimney stacks take the deduction of rafter* 
and the addition of the trimmers, etc., also the 
deduction of the slating, etc. Measure a C-in. 
width of slating down the sIo])es for cuttings, and 
the lead work, etc., as to gables ; at bottom a 5-lb. 
lead apron, 12 in. wide, and at top a lead gutter 
8 in. wide. Let us assume that the stitek is three 
bricks thick, etc., the gutter would then be measured 
thus : 
i 2 3 

_8 I 
I 

Xo. 1 I 


No. 2 


4 5 
2 2 


1 J in. deal gutter boards and 
framed l^urers. 

Short length of 2 in. deal 
rounded roll (across the 
gutter in the middle). 

Small 1 in. deal gussets, pre- 
pared one side for lead, and 
fitted and fixed at ends ol 
gutters. 

ft. in. 

2 3 

Extra for roll 8 

At each end 2/.0 = 1 0 

4 6 

ft. in. 

8 

Against brickwork 6 

Up slope 1 0 

2 2 

6-lb. lead and labour laying 
in gutters. 
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2 / 


I^. 2 


3 3 
_6 


3 3 


2 3 

i 


Ends of roll bossed 2 3 

2/.6 = 1 0 

3 3 

6 lb. lead and labour laying 
as flashings. 

Lead wedging to flashings, 
and 

Fake out and point flashings. 
Large feather-edged eaves 
fillet, 

and 

Extra to slate eaves a,b. 


Next, take the hips and valleys, first the timbers 
(cube), then the length by 6 in. of roof boarding for 
cuttings, and by 1 ft. of slating for cuttings, also the 
length for the slate hips. Number the labours at 
the ends of the hips and the hip hooks at the foot. 
For a lead valley, super up the IJ in. valley board, 
“ splayed and fitted,’’ run the tilter on each side, 
and super up the lead, the length plus fi in. at each 
end. and 6 in. for each lap, by (say) 1 f r. 6 in. wide. 

Take the gutters next parapets, etc., in the 
manner already described, but measure the rolls 
and drips by the foot run, and at each 2 in. drip, 
allow 8 in. extra of lead. Take the cess]x>ols 
thus : 


No. 1 


IJ in. deal dovetailed cesspool, 
10 in. X 10 in., and 5 in. deep 
(all in clear), holed, fitted, and 
rebated for cover. 


Super up the lead lining, and number the " extra 
labour, etc*., dressing and copper nailing lead in 
cesspool,” the copper cover, the lead socket pi|>e 
to carry the water to the rain-water head outside, 
and the hole through the wall. All the cube 
timber in the foregoing is described as “ fir-framed 
in roofs.” Another way is first to measure all the 
timbers, boarding, etc., as above, and afterwards 
the slating and lead work. Note particularly that 
the lead work of a gutter should always be carried 
up the slope of the roof to a vertical height of 6 in. 
above the sole of the gutter. 

Eaves Gutters, and Rain-water 
Pipes. These are taken by the foot run, now gener- 
ally measured net, excepting to small breaks, and 
around pilasters, etc. (which are numbered), the size 
and description and mode of fixing being given, as 
thus : 

98 0 5 in. by 4 in. cast iron moulded eaves gutter 

(No. 20 in So and So’s list), with rebated 
joints made up in red lead and two bolts to each 
joint, and strongly screwing to deal fascia and 
bedding and pointing in cement on brick comice, 
including all cuttings and waste (measured net). 
The stop]>)ed ends, angles, outlets, and covers for 
same are numbered. In the case of rain-water pipes 
the swan -neck bends should be numbered, the girth 
given, and the number of patterns required stated. 

Internal Plumbing and Water Sup- 
ply. It is convenient to include in the heading of 
this bill a tabic of the weights per yard run of the 
lead pipes, the pipes being classified as ” waste,” 
“ service,” and ^ main.” The size of a pipe is the 
diameter of its bore. The price per foot run fixed 
includes running joints, wall-hooKS or tacks, also 
licnds, iinless the pipe is 2 in. or over, in which case 
the bends must be numbered in addition. Number 
the soldered ends, also the “ branch” joints, stating 
th"* size of the pipe — as in the following example : 
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N^ 
No. 2 


Extra soldered joints to 1 in. lead 


sofii 


•ipe, or, 

'ered joints of 2 in. and 1 in. 
lead pijxjs. 


The joints to taps and unions are included with 
them. Lengths of pipe under 2ft. 6 in. are num- 
bered, the number of bends in each being stated. 


Fittings and Wastes. Etc. Begin with the 
w'.o, on the top floor. Number the apparatus, giving 
description and including flxing and all unions and 
joints. Next take the soil pipe down to the drain 
and connect thereto, also up, as ventilator, and 
finish with cap, and take the nole through the wall. 
I'ake the water- waste preventer, the overflow pipe, 
and the hole through the wall, the flushing pipe and 
connection to pan. Similarly, take all other w.c.’s, 
urinals, etc., discharging into this soil i)ipe. Take 
the anti-syphonage pipes. Sinks, urinals, lavatories, 
and baths, and their wastes are measured similarly. 
Care should be used to take the traps if they are 
not included in the description of the fittings — ^for 
instance, to the lavatories. With the fittings it is 
convenient to measure any draining-boards, cup* 
l^oards, etc., connected therewith. 


Cisterns and Pipes. Cisterns are usually of 
galvanised wrought iron. Describe the capacity — 
c.0., 300 gallons — the thickness of the metal, and the 
height to which hoisted. If the situation will not 
allow of a stock size being used, give the exact 
dimensions. Take any fir or steel bearers, the lead 
or zinc safe under and waste pipe from same, and the 
deal cover. Next, take the “ warning pipe.” If this 
passes through the roof, take a slater’s number item 
of “ perforation ” through slated roof for pipe 
passing through, and making good, and plumter’s 
item for a set of 5-lb. lead finshings soldered on. With 
ouch pipe that leave^ the cistern take the connection 
thereto— as : 


No. 1 
No I 


Perforation in galvanised iron 
cistern for H-in. union. 

IJ-in. brass boiler-screw union and 
*fly nuts and 7-lb. lead washers 
to iron cistern, and soldered 
joint to lead pijK*. 


From the cistern take the service pipes to the 
.'^ariouH fittinm (except, perhaps, the sinks, which 
.ire now \i8uafiy supplied from the “ rising main ”). 
.Measure the chief pipe from the cistern on to the 
•point where it ends, and number the soldered end or 
•tap which finishes it. If, in its course, the pipe 
diminishes — say, from in. to IJ in. — take at 
that point a “ 11 in. extra soldered joint.” Next 
l.ake the stopcock on it near the cistern ; then the 
first pipe that branches from it to its end, with all 
its taps and branches, complete. That branch 
being exhausted, pass down the main pipe till you 
come to the next branch; exhaust that in like 
manner, and so on. Having completed the pipes from 
the cistern (termed “ services take the supply 
pipe ” — that is, the pipe from the main in the road 
up to the cistern — and the ballcock at the end of it. 
Then the stopcock near the beginning, and next, 
any branches to sinks, etc. If there are two or more 
cisterns, take one and all the pipes from it before 
touching the other. If iron pipes are used, the mode 
of measurement is much the same as in the ease of 
lead. With the pipes take all pipe-casings (run), also 
holes through walls and chaser. 

The hot-water supply, gasfitter, bellhanger, lifts, 
speaking-tubes, and electric lighting follow here, 
and are usually dealt with by provisional sums of 
money. 
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Draina. Begin with the giilley at the point of 
the drain farthest from the outmll, number and 
desoribe it» with the excavation and concrete and 
setting, and take the stone cover. Next take the 
drain therefrom to the first chamber, describing the 
size of the pipe, how jointed, and the average depth 
of the trench and any concrete under or around it. 
Count up all bends, junctions, etc. Complete the 
drains that go into this pipe and this chamber, and 
then take the chamber. Next take the pipe from 
this chamber into the next, and all branches, with 
their gulleys, etc., and so on. Finally the pipe from 
the last chamber up to the sewer in road and 
connection therewith. 

Joiner*a WorK. Measure the floor-boards 
(super), describing the material, thickness, etc. 
If any edge of a floor is not square with the others, 
take the length by 3 in. for waste. With the skirt- 
ings, chair rails, dados, and wall-linings, take the 
grounds, separating those that are plugged or fixed 
with wall- hooks across flues. Number the mitres, 
etc., in skirtings, and chair rails, and to dados, etc., 
take them by the foot run. 

Staircases. First take the newels (run), 
numbering the caps and pendants ; next the wall- 
strings and outer-strings (run), separating the 
“ramped** and “wreathed,** etc. [see page 6510 1, 
then the 8tex)8, for which take the length Irom left 
to right Tplus V* at each end (housing). This 
dimension, multiplied by the width of the tread 
and the height of the riser added together is the 
measurement of a step, and should be booked thus : 

Tread 1 1 

Kiser 6 


3 3 in. deal treads with moulded 

1 6 nosing and 1 in. risers, 

tongued together, glued, 
blocked and bracketed on 
and including two strong fir 
carriages and prepared for 
cut strings — (if the ends are 
visible, or for close strings if 
otherwise). Note that if a is 
the width of the tread and b 
the height of the riser, a plus 
26 should usually equal 23 in. 
Winders are measured net, thus: 

3 3 '■'] Ditto in winders and risers 

3 3 measured net 

— 0 3 3 

13 9 

10 9 — 3 9 

7 7 


If the bottom step is longer and with a semi- 
circular end measure it the extreme length and 
take in addition an item : 

No. 1 Extra on treads and risers as 

before for semicircular end 
with solid block and veneered 
front to riser without heading 
joint (say) 4 ft. 6 in. girth. 

Take housing or returned and mitred ends of the 
steps; the handrail [see page 6511], number and 
describe the balusters, stating how fixed at ends, 
and measure the lathing and plastering to the soffits. 
8uTOr up and desoribe the landings, including bearers. 

Windows. Measure sashes and cased frames, 
the extreme width by the extreme height, and 
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give the description from the sx)eciflcation. If the 
head is (say) segmental, add the words “ with 
segmental he^, measured square.’* The price per 
foot for this work includes the usual splayed edge 
on the bottom rail and the splayed edges of the 
meeting rails. Any further labours are extra 
and must be taken by the foot run. Mention in 
the description if weighted for plate glass, also if 
in two or more lights, with cased mulTions. Take 
the rim of the galvanised iron tongue and groove 
in sill and number the sash fasteners and other 
ironmongery. Take the glass, bearing in mind 
that parts of inches are counted as full inches ; 
thus, 1 1 in. is 1 ft. If the glass is of irregular shape, 
measure the extreme size and describe as “ cut 
to shapes.” Take the linings, whether of wood or 
cement (super if over 4 in. wide), architraves and 
grounds (run) the window board (super) and the 
deduction of plastering and paper. Casements and 
solid frames are taken similarly but in detail, the 
casements being supered and described as “ fixed,” 
“ hung at side,”’ or as the case may be, and each 
piece composing the frame taken by the foot run 
and the labours on it described. 

Doors are measured by the foot super, the 
width by the height, and described as: 

I 3 0 I I 2 in. deal four panel moulded 

I 7 0 I I both sides door. 

“ Moulded and square ” means moulded one side 
and square the other. If a door is glazed, describe 
it as (say) “ rebated and moulded on solid, and 
prepared for glass,” take the run of the small beads 
as stop for glass (including mitres) and measure 
the glass. 

Next take the linings (super) or the solid frames 
(run) and the hinges, locks and other ironmongery 
and architraves. Deduct the plastering and paper. 
In the case of swing doors measure the run of the 
rounded edges similarly. Space does not permit 
of entering into the measurement of screens 
and cupboards and other fittings, but the student 
w'ill find little difficulty in adapting the informa- 
tion given above to joiner’s work of this kind. 

Plastering. Measure the ceilings (super), 
taking the description from the specification, and 
mentioning if jianolled or coved. Take any 
ceiling mouldings (run), giving the girth and num- 
bering all mitres, etc. Next the cornices, suxier if 
12 in. girth or over, if not, by the foot run, giving 
the girth. Number all mitres, etc., giving the 
average girth of the moulding to which they belong. 
Bear in mind the “ core ” for the cornices. The 
smaller cornices may be in solid plaster, but for the 
larger ones some ‘‘ bringing-out is required, over- 
sailcKl courses of brickwork, if practicable, and. fail- 
ing these, deal framed bracketing (super) of about 
one-third the girth of the cornice. Wall surfaces 
are taken super, the same dimension serving for the 
plastering and for the papering. 

Painting. Painting is usually measured for 
the most part from the sheets of dimensions after 
the abstracting and checking have been done. 
This system has the advantage of giving the surveyor 
a final look through his dimensions, often invaluable. 
Measurements in painting are taken (super) 
“ wherever the " brush goes,” and are classified 
according to the number of coats, kind of finish, 
whether in two or more tints, etc. Any work that 
will have to be done off ladders should be given 
se^rately. 

The measurement of executed work follows the 
lines of the “ taking-off ** from drawings. 
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THE MODERN LOCOMOTIVE 

The Boiler. Engines — Simple and Compound. Methods 
of Propulsion. Adhesion and Tractive Force 


By JOSEPH G. HORNER 


modern locomotive is wholly an evolutionary 

* product, the end of which is not yet in sight. 
The elements of the locomotive are the steam 
generator or boiler, the engines, and the methods 
of propulsion. 

The Holler. The most essential feature of 
the boiler is the large number of tubes (multitiibular) 
which traverse its barrel, and tlirough which the 
flame and hot gases pass from the fire-box on their 
way to the smoke-box. The locomotive type of 
boiler is standardised on these lines — fire-box, 
muilti tubular barrel, and smoke- box. Though the 
heating surbice comprises fire-box area and tul)e 
jtrea, the first, though smaller, is much more efficient 
than the second. Experiments have proved that 
beyond a very moderate length, there is no advant- 
age in extension of the tul)e8. Hence modern 
locomotives — that is, those of the past decade — 
differ from earlier ones in enlarged dimensions of 
fire-box, comprising a larger grate area. As the 
width is limited, the extension is made in length. 
The limit to length is that at which efficient stoking 
can be done. There is a type of fire-lx)x in which 
increased width is obtained (the wid'* fire-box) by 
making the sides rest on the frames instead of fitting 
down between them. But though the heating 
effect of tubes is an almost negligible quantity 
at and near the smoke-box end, they are nearly or 
quite as efficient as fire-box surface close to, and for 
a few inches away from, the fire-box. Hence the 
practice adopts! in American locomotives and on 
the Great Western Railway [see 76 to 80j of 
enlarging the barrel towards the fire-box end 
(extended w'aggon top). These boilers are alxiiit 
7 in. larger in diameter at this end than they are 
next the smoke- box. 

Boiler Tubes. The tubes vary in diameter and 
number, and barrels and tubes vary in length, and all 
these are variables in locomotive design. Those 
of all the railways have their own well-marked 
characteristic designs, which vary with the ideas of 
different sui^erintendents. Barrels range from 4 ft. 
10 in. in diameter to 5 ft. G in., and in length from 
14 ft. to 21 ft. Tubes range from IJ in. to 2 in. 
external diameter, and numl^er about 200. Small 
tubes, packed closely together, interfere with 
circulation, hence larger tubes and freer spacing is 
now adopted than formerly. The grate area of the 
fire-box ranges from 20 sq. ft. to 30 sq. ft. in English 
practice, but in the Unit^ States these areas are 
nearly doubled in the large freight engines and 
express locomotives. The total heating surface in 
English praidice ranges from 1,500 sq. ft. to 2,500 
sq. ft., which also are nearly doubled in American 
practice. The weight of a main line locomotive 
equals from GO tons to 75 tons, and the tender 
another 59 tons. Some American engines weigh 
from 80 tons to 100 tons. 

As there is no tall chimney to a locomotive boiler, 
there is no natural draught available to supply air 
to the fuel. The early locomotives had taller 
chimneys than the present ones. The place of the 
chimnej^r, or the fan or blower, of other boilers, is 
taken in locomotives by the blast pii^e. This is 
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situated in the smoke- box, and enters the lower part 
of the chimney. The steam exhausting from the 
cylinders peusses through the blast pij>e at a high 
velocity, and draws after it a large volume of air. 
The air can come only through the fire-box and 
tubes. It is sufficient in volume to create a very 
strong draught, as efficient as that of a fan. In its 
simplest form, the blast pipe has a plain conical 
nozzle. But most are more elaborat<^ than this, 
combining provision for producing variable degrees 
of blast, sharper or quieter, according to the rate 
at which it is desired to consume the fuel. 

The fire-box is of a])proximately rectangular out- 
- lines, and eomjirises inner and outer portions. The 
inner contains the fuel, the outer is a continuation of 
the water and steam space. It is attached partly to 
the end of the cylindrical barrel, but mainly to the 
inner fire-box. The rectangular sha|>e with j)lane 
faces is the weakest possible form. Yet it is the 
only one practicable, l)ecause of the limitations of 
space. The steam pressures, therefore, from 15G lb. 
to 18G lb. or 20(» lb. f>er square inch, are resisted by 
stay bolts, which arc disj>osed — at about 4 in. 
centres — so as to take the stress, and leave only as 
much plane plate betweem as will be able to resist 
bending. These bolts are a most important element 
in this ty|>e of l>oilcr, and have been the subject of 
a vast number of ex|)erimcnt8. Generally, they arc 
screwtKl into adjacent plates and riveted over on the 
outsides. The central part is turned down as small 
as the roots of the threads, and with a radius, and 
the stress is calculated on this diameter. The roof 
of the fire-box is stayed with similar bolts, or more 
often with bridge or girder stays, of which there an* 
numerous types in cast and wrought steel. The 
inner and outer fire-boxes are united through the 
foundation ring, and the fire- hole ring. These are 
forgings, or steel castings. The rivets pass through 
them. The smoke-box, not being subject to 
pressure, is made of thin sheet steel, and is riveted to 
the end of the barrel. It has a doorway in front, 
through which the tulx)s are exposed for cleaning. 
It receives the blast pi{)e and chimney. 

The Materials of the Boiler. Formerly, 
all boiler barrels were made of wrought iron. This 
is now discarded in favour of steel. Fire-boxes 
are mostly made of cop|)er. In the United States 
steel is commonly used. The tubes are variously 
made of wrought iron, steel, copper, brass, and 
Muntz metal, the last two being usually employed 
in Britain. The tubes are fixed by exnanding their 
ends into holes drilled in the plates, which form the 
terminations of the boiler barrel (tube plates). The 
one at the front is the smoke-box tube plate, the 
other is the fire-box tube plate. These are about 
J in. thicker than the ordinary shell plates, in order 
to give sufficient surface for holding the tuhea. 

The Bnsinea. Until a comparatively recent 
))eriod in the history of the locomotive, simple 
engines have been universal. Even after compounds 
were designed and tried, they made but slow head- 
way. At present the compound engine is having 
its triumph on the Continent, but with various and 
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diverse arrangements, and in a lesser degree, in 
E^land and America. 

The Simple Engine. Not so long ago, 
increased engine power was sought by increase in 
dimensions of cylinders to the neglect of boiler 
];)ower. It was not thought possible to increase 
the latter much, as has been now done. But at 
present the view taken is that ample boiler power — 
obtained chiefly in the enlarged fire-box and boiler 
end adjacent thereto — gives more than enlarged 
cylinders without such powers. The diameter of 
cylinders is limited by the conditions of the gauge. 
Cylinders of 18-in. or 19-in. bore are the maximum, 
length of stroke is rather variable. It is usually 
about 26 in., but the recent Great Western engines, 
illustrated, have a 30 in. stroke, which gives 
correspondingly greater capacity. 

The usual position for the cylinders in English 
practice is inside the frames, but in America and on 
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the Continent, out.side. This affects the position of 
the valve gears, which must be adjacent to the 
cylinders, hence it seems odd to us to see the valve 
gears outside the frames in Continental engine.^. In 
favour of inside cylinders and gears it has been 
claimed that they are less liable to receive damage*, 
and that they run more steadily than outside ones. 
For the latter the claim is that they are more 
readily examined and repaired than if located inside. 
There is little, if any, basis for the first, while the 
odvanrages of accessibility are unquestionable. A 
real objection to the inside arrangement is that dip 
cranks must be used, and these are liable to fracture, 
and numbers of failures and some fatal accidents 
have been traceable to these. With outside cylinders, 
the crank axle is straight, and the crank pins are on 
the driving wheels. 

Simplicity is studied in locomotive engine details. 
The cylinders are not jacketed, but they are enclosed 
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in the smoke-box in inside typos. The cross- 
head guides are flat bars. The valves are of the 
common D type, and are main valves only, cut-off, 
and expansive working being controlled by link 
motion arrangements. There are only two types 
used generally, the Stephenson and the Walschaert, 
the first in England and in America, the second on 
the Continent chiefly. The Walschaert gear is, how*- 
ever, being taken up on some of the English lines 
lately. Other rivals, os the Gooch and the Allan 
gears, and others less known, have fallen into disuse. 

Compound Engines. All locomotive engines 
are of non-condensing type, because there is no room 
for condensing apparatus. A certain measure of 
economy is thus sacrificed. It seems a pity to 
generate steam, and, after using it once, to dissipate 
it into the atmosphere. Hence the fascination which 
compounding ha.s had ever since it was jiroposeJ by 
Mallett in 1874. His w'as the only compound in 
the Paris Exhibition of 1889. The full story of 
the growth of the compound, if written by a qualified 
man, would be one of the most fascinating in the 
story of engineering practice. Invented in France, 
it has been developed in every country in Europe, 
and in America. In England the late Mr. Webb 
will be remembered as the persistent advocate of 
the system in the teeth of much opposition. There 
are now at least a dozen fairly distinct types 
of compound locomotives in regular use on the 
railways of the world, differing in arrangements of 
the cylinders and valves, to describe which is not 
possible here, and they would he bewildering 
apart from illustrations. The most familiar names 
are the Mallett, the Webb, the Henry, the De 
Glehn, and the Plancher. Tandem compounds, 
though in existence, are in a great minority, most 
designs having cylinders in parallel relations. There 
are two, tliree, and four cylinder compounds. 
Generally, engines can be worked as simfde or com- 
pound. Piston valves are adopted in some rcs'ent 
engines. ( ■oal economy ranges from 1 2 to 29 per cent. 

Methods of Propulsion. These involve 
problem.^ concerned with diameter of driving wheels, 
of the loads on them, and of tractive force. In 
these, as in other rietails, tlie evolutionary pro<*esses 
are writ large in the ever fascinating history of 
the locomotive. The influence of the old Watt 
idea that piston speed should not exceed 200 ft. 
per minute long affected locomotive practice. The 
idea held was that the velocity of the pistons 
should be kept down to moderate limits, or from 
500 ft. to 600 ft. per minute, and speed obtained by 
having driving wheels of large diameter, say of 
from 8 ft. to 8 ft. 0 in. That explains why the older 
express engines drawing comparatively light loads 
often had large single drivers — that is, uncoupled; 
and the goods engine drawing heavy loads had 
small coupled wheels. The idea still lingers, not- 
withstanding some of the fastest expresses are now 
drawn by coupled engines with piston speeds of 
considerably over 1,000 ft. per minute. This also 
ex]>lains why, with increase in tractive force, the 
diameters of cylinders have not been much increased. 

Increasing ])iston speed is as efficient as increasing 
diameter to an equivalent amount. If, for ex- 
ample, a given piston speed were increased by 50 
per cent., the engine power would be augmented by 
bo per cent, for the same steam pressure. But steam 
pressures have also grown largely. Compounding 
is also a soiu'ce of gain. Larger boilers 8ui)ply 
larger volumes of steam, and all these things have 
produced engines of greater power, so that one engine 
now hauls loads that required the services of two 
engines a few years sinca 
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Adhesion* The two essentials which render a 
locomotive capable of hauling a load on smooth rails 
are its adhesion and its ^active force. Everyone is 
familiar with the slipping of locomotive wheels when 
starting on slippery or wet rails. This means that 
the greasy state of the rails overcomes for the 
moment the adhesion of the wheels thereto. In the 
early inception of locomotive engineering it was 
not believed that engines could haul coaches on 
smooth rails, and rack rails much like those employed 
on mountain railways were used. It was found 
that adhesion is secured by putting enough weight 
on the driving wheels, hence the advantage of the 
employment of big, heavy engines. The adhesion 
of an engine is not the same as the weight of the 
engine. It is less because of the slip. About one- 
fourth of the total weight on the driving wheels 
is available for adhesion on dry rails. On wet 
rails it may be as low as one-tenth. One-sixth is 
about the average proportion for ordinary con- 
ditions. Because oi this loss of adhesion, the 
practice of sanding is necessary when starting, 
and when climbing inclines in wet, foggy, and 
frosty weather. 

The weight which can be imposed on the 
driving wheels is obviously limited, and, there- 
fore, with increase in weight of engine, coupling 
becomes necessary. But the weights on a 
single axle have increased largely. In 1850, 
six tons was the maximum load considered per- 
missible on a single wheel, now 16 tons and 18 
tons are carried. This is largely due to the substitu- 
tion of steel tyres and steel rails for those of iron. 
But even with these loads, the increasing weight 
of engines has had to be distributed over more 
wheels, and the old types with single drivers are 
rapidly passing out of existence. Four, six, and 
eight wheels coupled are common types, and even 
ten wheels in some American designs. Coupling 
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shall pull its load, its friction on the rails must 
be at least equal to the effective pull or tractive 
force. If the engine wheels do not slip, then 
obviously any movement of the engine must draw 
its load along. If they slip then the adhesion is not 
e(pial to the tractive force. The driving wheels are 
levers, and their point of contact with the rails is 
their fulcrum. 1’he tractive force is calculated thus : 
(Diani, of cylinder ill ill. )» X stroke in in . 

Diameter of drivinj; wheel m inches 

_ Tractive force in lb. for each 11). of eftective 
steam pressure u^ion the piston. 

An important element in smooth rumiing at high 
speeds is the balancing of the reciprocating and re- 
volving parts. These include the piston and con- 
necting rods and the cranks. They are counter- 
balanced in the driving wheels by the addition of 
w'eights. Many rules have been given for these, 
but the most exact results are obtained by trials. 

The illustrations, [76 to 80] give various views 
of an Atlantic type. 4-4-2 class of Great Western 
Railwa^ engine, designed by Mr. J. G. Churchward* 
The appended list of parts may be (rompured with 
the drawings w'hich are lettered correspondingly. 
A. frames ; B, driving wheels ; C, coupling rod ; 
P, bogie wheels ; E, trailing wheels ; F, bogie 
pivot ; G, boiler barrel ; H, inner fire-box ; J, 
outer fire-box ; K, smoke- box ; L, tube space ; 
M, blast pipe ; N, cab ; O, cylinders ; P, piston, 
valves ; Q, valve gear ; R, piston rods ; S, cross- 
heads ; T, connecting roJt; U, cranks ; V, vacuum 
brake cylinder ; W, ditto for bogie; X, brake rods; 
y, brakes ; Z, draw bar ; a, steam pipe ; b, eccen- 
trics ; c, reversing lever ; d, regiuator ; c, axle 
boxes ; /, horn blocks ; g, axle springs; A, compen- 
sating levers ; /, sanding pipe. 

Continued 
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The Factor of Labour. The following 
aro some of the means of promoting this special 
quali^ of labour. 

1. Discipline and justice. 

2. Cultivation of good relations between employer 
and men. 

3. Promotion of moral and physical well-being. 

4. Co-operation in the business management. 

6. Participation in the profits. 

6. The encouragement of esprit de corps, 

7. Offering facilities for the acquisition of technical 
and scientific knowledge. 

8. Inviting suggestions for improvements in 
machinery or processes. 

It must be remembered that the employer who 
gives his men nothing but bare wages can expect 
nothing from them but so many hours’ work put 
in. The manager must find the secret of enlisting 
intelligent and sympathetic co-operation. 

Co-operation is effected by means of committees 
formed in all departments from superintendents 
and foremen and from enijiloyes drawn from the 
ranks, on account of tlieir fitness to serve on the 
committee, their sense of fairness and the esteem 
with which they are regarded by their fellow- work- 
men. The meetings of the committee are held daily 
OP weekly during the lunch hour, or at the close of 
the working day at the expense of the firm ; their 
business is to report on the work and organisation 
of their department, and to make suggestions and 
discuss complaints and grievances. Committees 
are formed to look after sanitation and cleanliness, 
advertising sales, shipping, repairs, office details, 
etc. The employes get to feel that the business is 
“ ours,” and they become imbued with a strong 
feeling of esprit de corps^ or common spirit of devo- 
tion, sympathy and enthusiasm combined with 
jealou^ for the honour of the body as a whole. 
Many nrms provide suggestion and grievance boxes 
kept locked, into which the men droj) slips of papier, 
duly signed, containing suggestions, ana these are 
daily collected by the manager's secretary and 
taken direct to the chief s office where they receive 
immediate attention. 

Many em])loyers have found that the encourage- 
ment of personal cleanliness and neatness at the 
works by providing baths, spacious lavatories, 
and clothes lockers for the men had a beneficial, 
effect on the workmen’s homes and family life, 
for the self-re8j>ect thus engendered at the works 
refuses to tolerate slovenly habits and dirty, untidy 
homes. The sound discipline and high moral tone, 
too, is likewise reflected in the home life of the 
workmen. The cost entailed by these methods of 
management is a sound investment which is more 
effectual than many bonus and premium systems, 
and appeals to man s nobler nature. 

The Labovr Department. One of the 
most difficult problems which confront the business 
manager is the organisation of labour on a basis 
fair to master and men. The system adopted 
cannot be too simple in its working, but once in- 
stalled it must be rigidly enforced. 

The system we would here suggest to managers 
who wish to improve their organisation falls into 
three sections : 

(a) The labour department. 

(ft) The timekeeping system, 

(c) The routine. 

In a large factory employing a large number of 
hands it is essential that labour should form a 
separate department under the direction of a B)x^cial 
manager. His duties are to organise this department, 
to create a labour policy for the firm, to study 


labour questions, treat with trade unions, act as 
court of appeal in all labour troubles in the works, 
to frame rules and regulations, to impose fines and 
award prizes. 

The Executive. His executive comprises 
employment agents for office, factory, and sales 
department, who devote their time to the selection 
of employes, to their training, discipline, promo- 
tion and dismissal. His right-hand man, the super- 
intendent or buffer, plays the part of mediator 
between chief and men ; he win.s the confidence of 
the men, having no authority to promote or dismiss ; 
he hears complaints and suggestions, looks after the 
well-being of the men, organises clubs, co-oi)erative 
schemes, and recreations and fosters esprit de corps. 
The labour manager receives all data dealing with 
labour and the cost of production, from which he is 
able to study the efficiency of his army of workers, 
and to note the individuals who distinguish them- 
selves and are fit subjects for promotion. 

The employment agent prepares the personal 
records of employe.c, indexed by names, which 
comprise essential information concerning physique, 
character, ability, previous berths and records, 
reason for leaving, rate of ]my, iiu^reaso, promotion, 
quality of workmanship, complaints duly substan- 
tiated after full inquiry, sj^ecial services rendered. 

Three Classes of Industrial Labour. 

Industrial labour is divided into three classes: 

1. Productive labour, which converts raw material 
into a finished product. 

2. Depnrtmevt non-productive labour, essential to 
the productive labour, while not producing anything 
itself, such as foremen, oilers, sweepers, truckers, 
etc. 

3. General non-productive labour necessary for the 
ox>Pration of the ])roducing department, but entirely 
outside its jurisdiction, such as labour of the office, 
the sale, advertising and shipping departments, 
timekeeper, engineers, firemen, etc. 

All throe kinds of labour must figure in the 
cost, the sura total corresponding to the pay-roll 
for the same period. Kvery y)roduct must be made 
to bear its own share not only of productive labour, 
but also of botli classes of non-productive laboiu*. 

Timeheeping System. The first aim of a 
modem timekeeping system is to account in detail 
for every minute of time charged in the pay-roll, 
and to see that this is accurately distributed among 
the articles produced ; second in importance is 
the elimination of all clerical work from the factory 
departments. 

The workman has two kinds of records to keep, for 
which cards are provided ; (1) The attendance 

or day time card, showing the time at which he 
enters and leaves the works ; and (2) the job cards, 
showing the exact time spent over each operation in 
the workshops tliroughout the day. 

Mechanical Recorders. Mechanical 
recorders are used as substitutes for clerical work. 
On entering the works, the workman drops his card 
into a slot, presses a lever and picks his card out 
of a receptacle. The exact time in hours and minutes 
according to the clock on the face of the recorder 
is found registered in the space on the card allotted 
to him for the morning or afternoon of the proper 
day of the week ; on leaving the works for the dinner 
hour, and finally at the end of the day, the simple 
action is repeated. The men, W’ho are at once m^e 
to understand that they are paid solely for the time 
thus recorded on their "cards, take care not to omit 
to register on entering and leaving the worl^. An 
automatic recorder or a calculagraph i 9 placed in 
every workshop under the new regime, and the 
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foreman on receiving a completed job sees that the 
workman registers on his job card before he hands 
him the new work. 

Keeping Records. In every business there 
are innumerable records of transactions, docu- 
ments, lists, etc., which must lie kept for constant 
reference ; the problem is how’^ to file and index 
them so that they are easily found w'lien w^anted. 
Ex]}erience teaches that any method which involves 
turning over the folios of ledgers, untying tapes, 
unfolding wrapj>crs, extract.ng from envelopes, all 
tend to limit the utility of the data in question. 
The card system of filing and indexing solves the 
problem. Its w atchw'ords are mohiliiy and gct-at- 
ability ; it is based upon tlje rise of one or many 
scries of cards, uniform in size, ruled, and printed 
according to the nature of the matter to be 
indexed, and arranged verticallj’ on edge in 
trays or drawers. The cards are kept from slipping 
by an adjustable sliding block or follow’er, and are 
secured by means of a lod passing through a per- 
foration in each card which, when bolted or fastened, 
l)revent8 their removal. Guide cards of various 
colours, having indexed ^Projections, are distributed 
among the cards to define certain sections and facili- 
tate identification, w’hile for sub-indexing, the 
smaller tabs on the cards give various clues alpha- 
Ipetical or numerical. The trays and draw'ers can 
l>e obtained singly or in an infinite variety of com- 
bination, in cabinets to suit the rerpiireinents of all. 
Expansion, wliich is one of the most valuable features 
of the system, is provided for by building up the 
cabinets in sections, w hich can bo added as they are 
required. The essonoe of the w'hole system is that 
each card forms an inde]>endent unit, devoted to 
one name only: it can be removed to another scries 
at an}’ moment, according to its sjiecial significance, 
without leaving a gap or being considered an intruder 
in its new’ position, where it may l>e ns readily 
found as before. 

Decimal System of Indexing. For 

tlie purposes of an index, with its innumerable 
divisions and subdivisions, a numerical applica- 
tion of the card system has Ipcen found to save 
much time, as, for instance, in collecting and 
(•lassifying the material for illustrated catalogues, 
in filing teelmical literature, j)hotogrnphs, cuts, 
blue prints, etc. The decimal system is the only 
one capable of keeping pace wfith proclivities for 
expansion of the card index, while remaining 
intelligible and self-evident. 

As an illustration, let us take electrical engineer- 
ing, which is classified among the useful arts, fiOO. 
To mechanical engineering is assigned 021 ; to elec- 
trical engineering No. 02 TS. In group 021, the 
three after the point is given up entirely to elec- 
trical engineering, and may l.)e extended indefinitely 
as occasion demands ; 021 *331 stands for electric 
railways. The w’hole system is W’orked out in 
Dewey’s book, and a very complete index gives a 
clue to the corresponding numbers. Any firm, how- 
ever, can form its own numerical sub-sections. 
For instance, the electrical railw’ay section might be 
worked out thus : imderground and elevated rail- 
ways, 021 '3311; three-phase, 021*3312; single- 
phase, 021*3313; mono-rail, 021*3314, etc. Or, 
again, by analogy, the decimal system can be em- 
ployed in its entirety for any one business. It is 
evident that the use of the decimal system in index- 
ing necessitates a key made alpha^tically by an 
intelligent and responsible member of the estab- 
lishment. With the key at hand, a moderately sharp 
office-boy can find the reference required in a 
moment. Guide cards and alphabetical tab-cards 
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can, of course, be used in combination with the 
decimal system for subdivisions. 

Adaptation of Decimal System in 
Engineering Works. In engineering and 
other industrial works this system may be adapted 
with excellent results to the nomenclature and 
classification of machines made, used, or of other 
products of the factory. It is a good plan, in 
grouping them, to allot 100 for each group, whether 
there be few or many machines in the grou]) ; 
memory is thereby assisted and expansion made 
possible without re-classification. For example : 

1 to 99, planes, milling machines, etc. 

100 to 199, drill presses, boring mills, etc. 

200 to 299, turning and turret. lathes, etc. 

300 to 399, Blotters, fixing machines, etc. 

400 to 499, saws, cutting machines, etc. 

500 to 599, oil separators, scales, electric ernnos. 

liOO to 099, engines, motors, air compressors. 

By adding a ]>oint and figures to the riglit, 
numbers can be assigned to i>arts, tools, and 
accessories of each machine. 

The ssme system applies to the machines of the 
worksliops for kee])ing machine records, and com- 
puting the machine rate. 

The numbers, once allotted, follow the machines 
or products throughout their life in the factory, and 
represent them on all records. If the classification 
lie used for the manufactured ])roducts, each 
drawing, pattern, casting, and, later, the part itself, 
should bear this number stamped upon it for the 
purpose of identification. Each number has a card 
on which all information respecting the ])art, such 
as s}a?cification, cost, jiercentage of floor sjiace, 
insurance, interest, dejireciation, the hourly machine 
rate, etc., is compiled and kept for reference. 

Endless ajiplieations of tlie system w*ill suggest 
themselves to those who have once tried it. For 
business houses, the decimal system recommenda 
itself more esjieeially for indexing the literature, 
correspondence, drawings, plans, jihotographs, etc. 

Vertical System for Correspondence. 

The vertical is the ideal system of filing corre- 
spondence, enabling any subject or name to lie 
referred to without delay, and jircserving docu- 
ments in perfect condition. It is nothing but the 
card system applied to letters by substituting 
folders for cards. Guide cards with index tnlis 
jiroject above the folders (made of strongest 
maiiilla), and may be filled in alphabetically, 
numerically, or geographically. By means of 
these guiae cards, the folders can also be sub- 
divided into subjects, A separate card index is 
required when the numerical system is used, to act as 
key to the numbered folders. Each card may bear 
entries of the dates of letters received and written, 
which often saves time in reference, rendering 
unnecessary any further quest in the correspond- 
ence cabinet. Separate facts, which it is desirable 
to record for the sake of their own importance, can 
lie picked out of the correspondence by a boy or 
girl after they have been underlined in blue pencil 
by the chief of the department, and filed in other 
card indexes for reference under different heads, 
such as : quotations, complaints, orders, inquiries 
for articles not in stock, etc. Carbon copies of 
replies should, of course, be filed in the same folders 
as the original letters to save time in reference. 

With a wider exj)erience of the card system has 
come an extension of its scope, and many ingenious 
little devices are added from time to time, which 
considerably increase its utility. Movable tabs, 
mounted on a clip, are extensively used for the 
purjiose of rapid identification, or for sub-indexing. 
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It is frequently necessary to keep several kinds of 
records in one tray or drawer. In order to dis- 
tinguish them, a code of signals may be used which 
renders each set quite distinct. There are several 
ways of doing this besides the above : 

1. By using cards of different colours. 

2. Another method of coding the cards is to stain 
the top edges with colom-ed inks, or to make rows of 
dots along the edge at regular intervals, the same 
for all cai^s. As the ink can be easily scratched off, 
re-classification does not entail re-writing on new 
cards. 

3. Similar notches can be cut on the top edges 
of the cards. When they arc in place in the drawer, 
a line is ruled along the tops from front to back at 
certain intervals. Each of these lines produces on 
each card edge a dot, so that the edge of each card 
has on it the same number of dots at equal disbinces 
a])art. Notches can be cut at any one of these dots 
to denote a certain thing. 

The Memory Tickler. This is another 
instance of the utility of the card system. Every 
business or professional man, whether his place is 
at the top or the bottom of the ladder, needs some 
means for kee])ing him in touch with matters which 
re(|iiire his attention punctually at definite times, or 
which may have to be po8t]X)ncd. A drawer or 
tray with guide cards for every day in the month, 
and every month in the year, is the best reminder. 
In front of the guide, cards may be used, folders 
or cards only ; into the folder may be drop|)eH 
slips of ])a})er, visiting cards— anything that 
will serve to call up the matter which must be 
attended to. If any important function be post- 
poned, the memorandum is filed on ahead, with the 
certainty that on the proper day it W'ill receive 
attention. Every morning, the first duty after 
o|>ening the mail (or perhaps even before) is to look 
through the iicklrr for the day, and lay out the 
day’s work in accordance with its records. When 
mak hg a promise, the date should at onee be tickled 
one or two days before the fulfilment ; it is a sure 
reminder. ^lanufactiircrs use the tickler with 
admirable results in turning inquiries into orders hv 
automatically indicating the iiroper date at which an 
inquiry should be followed up if no order ha^ come. 

The Information Drawer. Business 
and professional men are for ever coming across 
useful scraps which they collect and store uj) for 
future emergencies. These scraps, valuable as 
they may be in themselves, are worse than useless 
unless you can put your hand upon them at once. 

The information draw'er is a catch-all for jottings, 
slips, cuttings, memos, etc., and is worth its weight 
in gold. Ilerc, nil transient, fleeting ideas are 
instantly anchored. Tlie filing may be done in 
front of guide cards, indexed with a subject, and 
containing on its face and reverse n list of the 
records filed ; or else folders may be used for each 
letter of the alphabet or for any subdivision that 
may be desirable, and they can then be filed in the 
usual way. 1'he latter is the simpler system, and 
the best adapted to small needs. 

Revolution in Office Methods. A com- 
y)lete revolution has indeed taken place in office 
methods since the advent of the card and loose-leaf 
systems. The introduction of the loose-leaf into 
business is no fad which will presently give place to 
some other ; its wonderful possibilities have already 
obtained wide recomition all over the world. The 
basis of both card and loose-leaf systems is the 
ingenious principle of the indeyx^ndent mobile 
unit, each leaf or card being allotted to one person 
or account alone. 


Advantages of the Loose-leaf Ledger. 

Here are a few of the reasons why this system 
is rapidly supplanting all others : 

1. The loose-leaf is the only known device for 
preserving a perfectly independent record. 

2. It allows all extraneous matter or dead 
accounts to be removed to the transfer file. 

3. It renders the accounts elastic, obviating all 
difficulties about giving a customer a quarter-page 
when he should have had a half, doing away 
with double double to utilise space. The loose-leaf 
adjusts itself to every kind of account book and 
ledger ; it is immaterial whether there be one item 
or a thousand. 

4. The loose-leaf ledger is perpetual ; once opened 
it remains of)en. When business dealings with a 
customer cease his account leaf is removed to the 
transfer ledger ; should the business relations be 
resumed, all there is to he done is to return the 
account leaf to the ciirrent ledger. There is no need 
to hunt for old accounts through four or five ledgers, 
and jierhaps five or six folios in each ledger. All 
the accounts are found together in the file. 

5. Both sides of the loose-leaf can Im? filled uy) 
to the last line, while wuth bound books about 25 
jier cent, of the space is wasted. 

(). The use of the loose-leaf ledger saves no less 
than 33/, yK?r cent, of the bookkee])er’8 time. At 
regular y)eriods, the tile pages and balanced accounts 
are removed to the transfer ledger. The dead 
accounts having been eliminated, striking a balance 
is an easy matter, and there is no danger of over- 
looking an oyM>n account. 

7. No \vritten index is needed, for the loose-leaf 
ledger provides an automatic indexing arrangement, 
the yiagcs Ixung filed in aly)habetical order, as they 
would be in a directory, with tabs indicating the 
suMivisions of the alyfiiabet. The moat difficult 
of all bookkeeping errors to detect is that of posting 
items to a wrong account ; but as the accounts in 
the loose-leaf ledger follow one another in alpha- 
l)etical order there is less liability of falling into 
errors of any kind. 

The Transfer Ledger* A characteristic 
of loose-ledgers is the separation of active and dead 
accounts. The current ledger contains all active, 
and the transfer ledger the snsyiended or closed 
(dead) accoimts, the latter, as well as all filled pages, 
being eliminated and transferred after the monthly 
or weekly balance, so that the bookkecywr has to 
deal with only current items, while the whole of his 
yirevious work is key)t accessible and clearly indexed. 
This entirely obviates the bi-annual transfer, and 
keeps large accounts of several ymges y)er month or 
year always together in one y)lacc, thereby reducing 
the labour of going over an old account. 

At the time of the trial balance all congestion of 
work is avoided, and at the same time the results are 
rapidly arrived at by dividing the ledger among any 
number of clerks working simultaneously. A rule 
sliould be made iu tlie office that no transfer of closed 
accounts or filled ymges may l>e made from the 
current ledger until after the monthlv or weekly 
balance has been made. Firms usually begin by 
drawing up monthly balances and statements, but 
they very soon adopt the plan of weekly or even 
daily balances when they find how easily the 
system works, more esymcially if they hapiten to 
have a tabulating or adding machine. 

The best practice in accounting with loose-leaf 
ledger is to yK)st from direct charges by what is 
known as the Bill and Charge system. A lad 
arran^ the charges beforehand in strict alpha- 
beticiu or numerical order in accordance with the 
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scheme of the ledger. As it is inadvisable to in- 
clude more than 500 accounts in one ledger, the 
alphabet is divided into four or five sections, each 
in a binder. When posting, you begin at the 
beginning of the ledger, and work straight through 
to the end of the last ledger ; you will then have 
come to the end of the charges and will not have 
had to consult the index once during the whole 
process. Pookkeepers and accountants will 
readily understand what a vast saving of time is 
thus effected ; there is besides an economy in the 
cost of labour which is one of the valuable features 
of the new business methods — the accomplishment of 
part of the bookkeewr’s work by lower-priced help. 

In order to avoid interruption of work on the 
ledger and waste of time, a temporary holder with 
a spring back is provided, having a capacity of 
50 sheets to 100 sheets for the reception of new 
accounts or transfers which come in during the day. 
The principle of the loose leaf applies equally well 
to alt the other books used in accounting, such as the 
cosh book, journals, cost books, bills receivable and 
bills payable ; purchase, order, and invoice books. 

L>oose«leaf Cash Book. In the loose-leaf 
cash book the ruling of the leaves and distribution 
of the accounts can be made to conform to the 
practice of the firm. The advantage of this form 
of cash book lies in the fact that receipts and dis- 
bursoments are handled separately on leaves of 
two different colours, every line of which can be 
utilised ; there may be in a month or a week ten 
leaves for receipts and only two for disbursements 
or vice versa. The question of safety, should it 
be raised against the loose-leaf cash b^k, may be 
thus disposed of : the loose-leaf cash book should 
be paged just the same as the bound book. The 
cashier uses the leaves consecutively, and if a leaf be 
spoiled or torn it must be left in its place ns though 
it had been used. The cashier must be made 
responsible for every leaf of his book ; any tamper- 
ing with it by extracting leaves would, therefore, 
bo easily detected. The current cash is carried 
in a spring-back holder and as soon as the balance 
has b^n brought forward and the posting com- 
pleted, the leaves are removed to a permanent 
binder, and so arranged that the receipts follow 
each other from week to week and month to month. 
The disbursements are kept to themselves behind 
a division leaf tabbed “ disbursements ” or in a 
separate binder. This cash book proper is stored in 
the vault or safe, and is no longer accessible to any 
not authorised by signed requisition to consult it. 

Loose-leaf Invoice and Purchase 
Book* These possess the unique advantage of 
never becoming filled. By means of a scheme of 
indexing, they may Ije made to serve as purchase 
ledgers, showing at all times the accounts payable. 
The bills of each firm are filed in succession, so 
that reference to old accounts is a simple matter. 
The invoice book, in spite of being permanent, does 
not become cumbersome, for as soon as accounts 
are paid, they are transferred to another binder 
kept for reference only. The bookkeeper can 
post from this book direct without aaditional 
entry, and the accounts 'payable need no other 
proof of accuracy than the Purchase Record. 

A simple form of leaf for this book contains the 
following columns—date, number, from whom pur- 
chased, amount of bill, discotmt, department, rebates, 
0.K.’8, date received, datepaid, amount, remarks 

The Price Book. Tne loose-leaf system has 
sounded the knell of the consecutively printed 
price book. The prices of goods are printed on 


one side of the paper and well spaced out, so that 
each item can be out out, dated, and pasted in the 
loose-leaf price book. As each entry, as well as 
each leaf is independent, any line of prices may 
be charged without affecting the balance of the 
book, or necessitating revision and reprinting ; the 
new entry is simply pasted over or at the side of 
the old one. For goods which fluctuate in price, 
the system is invaluable, as changes in price can 
be compared on the same sheet, each line of goods 
in this case having a page tO itself. 

Revolution in Rulings. The facilities 
afforded by the system for special rulings in loose 
leaves has led to a number of changes in ruling. 
The most notable and practical is the centre ruling 
for debit and credit columns divided by a balance 
column. The advantage of this balance column 
in the ledger lies in the possibility it affords of 
bringing down the balances in pencil at the end 
of the month or calling them out to the adding clerk, 
if the firm possess an adding or tabulating machine. 
It frequently happens that balances are obtained 
without duplicating the figures. Balancing in 
sections is also extensively practised and many 
bookkeepers handle their work so that they are 
practically always in a state of balance. 

Double-double Abandoned. It does 
not seem practical to use a double-double ruling in 
loose-leaf books under any circumstances. The 
argument adduced in favour of its use — which is, to 
avoid more frequent carrying forward of totals or 
balances — is a fallacy in the case of the loose-leaf 
ledger, for it is no more troublesome to carry 
forward a balance to the succeeding page on a 
single leaf than to the second section of a double- 
double page. The use of double-double ruling 
either necessitates a very wide page and cumber- 
some ledger or very narrow columns for posting, 
both of which are inconvenient. With the loose- 
leaf accounting books as many leaves as are 
necessary for an account may be provided without 
trouble or reindexing : there is, therefore, no longer 
any advantage in usmg double-double in order 
to provide extra posting space on one page. It 
is no longer neces.sary either to have such long 
ledgers, running soinef.inies from 24 in. to 30 in. ; 
with the loose-leaf ledger the 9j in. by 1 1 in. page 
or the 11 in. by 11 in., which allows a line for each 
day of the month and a few extra lines, is found to 
be sufficient even with large busine.ss houses. 

The Binders. As the loose-leaf books do not 
need to be renewed like the bound books, new 
leaves alone being required, the binders are made 
very durable and strong with a capacity of from 
500 to 1,000 leaves (2,000 pages). The leaves 
are punched with slit holes to allow of the leaves 
springing or slipping round the posts at any point ; 
tile book can tnus be opened wide, lying quite 
flat so that the leaves are easily manipulated. It 
is impossible to extract a leaf without tearing it, 
unless the binder is unlocked. Leaves are just as 
securely held whether there be few or many. 
The binders can, therefore, be enlarged by the 
bookkeeper up to about 6 in., which accommodates 
1,000 leaves, and makes as bulky a volume as 
can be conveniently used. So-called self-indexing 
features have been devised for the improvement 
of the bound ledger, but their utility is always 
restricted by their finite nature and inelastic 
limitations ; they cannot compare with the loose- 
leaf book, tbe onfy ledger which will index adpltabeti- 
colly in correct sequence for different terms by means 
of its interchangeable leaves. 
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ITALIAN 

VERBS 

The Subjunctive in Principal Pro- 
positions. In addition to what has been said 
as to the use of the subjunctive in subordinate 
propositions, it must be observed that this mood 
is also used in principal propositions, with the 
following meanings : 

1. Command and exhortation ; in this case those 

persons are used which are wanting in the imi>era- 
tive, as ; Venga^ venga m to come riceverlo. 

Let the man come, I know how to receive him. 

2. Wish or imprecation, as : Iddio ti guidi e la 
hcnedizione di tuo padre t' accxympagni^ May Cod . 
guide thee, and may the blessing of thy father 
accompany thee. 

3. 8upiK)sition, as : O fosAe perfidia, o fosse puro 
caso^ U fatto sin chc per seguire tl suo consiglio ci 
irovammo ridotti a mol partito, Whether it was 
perfidy or mere chance, the fact is that, in con- 
sequence of following his advice, we found ourselves 
in a bad position. 

4. Doubt, as : Che dbhia torto to ! It may be 
that 1 am wrong ! 

f). Condition, regret, reproach, as: T'avessi incon- 
traio primn! quanto tempo avrei risparmiato. Had 1 
met you before, how much time 1 would have saved. 

(). (Vmcession, as: Abbia tntti i difetti di qucsto 
tnondo, per me e un galantuomo, He may have all 
the faults in the world, for me he is an honest man. 

Tenses and their Use. The present tense 
re])resentR a fact or an action as hap|iening at the 
very moinont of speaking, as : Cammino^ 1 walk, 
or t am walking ; piove, it rains, or it is raining. 

The ])rescnt is also used : 

1. To indicate anything that ha])j)ens in a period 
of time not entirely elapsed, as: Questo mese tuUo mi 
va malCf This month everything goes badly with me. 

2. To indicate facts which are always true, as 
in general statements and proverbs, as : Dim mi 
con chi vaiy e ti dird chi .?ci, Tell me what company 
you frequent, and I will tell you who you are. 

3. Instead of the past tense, in animated narra- 
tion, and it is then called the Historical Present, 
as : 11 giorno dopo entra in edmera, ma non vede 
nessuno, The next day ho enters the room, but he 
sees no one. 

Note. Instead of the historical present, an 
historical infinitive is somctiinea us^, as : Ed 
ecco verso noi venir per nave — un veedtio bianco 
(Dante), And lo ! there comes towards us a hoary 
old man in a boat. 

4. Instead of the future, when we wish to express 
a fact with emphasis or resolution, as : Sc torno 
a ndscere ! If 1 am born again ! 

The imperfect represents a past action, but as 
a continuous one. It is used : 

1. To indicate something not yet entirely accom- 
plished, when something mse happens, as : Quando 
egli entro io scrivevot W^hen he entered, I was writing. 

2. Instead of the past, and it is then called the 
historical imperfect, Un meat dopo, la poveretta 
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moriva (for mori), A month after, the poor woman 
died. 

3. Instead of the present, as a slightly less direct 
form, used for the sake of courtesy, as : Arriva in 
tempo f volctK) domandarlc una cosa^ You arrive in 
time, I wish to ask you something. 

The present of the conditional is similarly used, 
as in English ; Vorrei domandarle^ I should like to 
ask you, instead of voglio domandarlcy I want to 
ask you. So also non saprei^ resembling the 
English “I could not tell you,” instead of non so, 

I do not know. 

4. Instead of the perfect of the conditional, 
especially with the verbs potere, dovere, bis tgnare, 
as: Pntemte dirmdo {avreste potato dtrmelo). You 
could have told me ; Non dovevatc farlo partire 
(non avresie doimto). You ought not to have let 
him go. 

The past definite ('ixissato remoto) indicates a 
fact that hap])ened in the past, having no relation 
with present time, as: Quando ci vide, fnggl. When 
he saw us, he ran away. 

The past indefinite (passato prossimo) represents 
a fact not long ago passed, or having some rela- 
tion to the present, as : Perchi noti siete venuto sta- 
mattina ? Why did you not come this morning ? 
Non vi ho visto tiitla Ut settimana. Dove siete stato f 
I have not seen you all the week. Where have you 
been ? 

note. The student should observe that the 
Italian passato prossimo can be used to represent 
a more distinct past time than the English perfect 
coiiH3ounded with “ have ” ; as : IJhn vediito 
Valtro giorno^ lit. I have seen him the other day. 

The pluperfect indicates a past action anterior 
to another action also passed, as : Non seppe 
repeterc una parola di quanto gli avevo detto. He was 
not able to repeat a word of what I had been 
telling him. 

The future tense indicates an action that is yet to 
take place, as : Ti scriverd, I will write to vou. 
It is also used : 

1. To express a command or an exhortation, as 
Domani vi Icverete aUe sette. To-morrow you shall 
get^u]) at seven ; Lei mi permetierd, Vou will 
allow me. 

2. To express a supposition or a probability, as: 
Chi e ? Sard mio fratello. Who is it ? It will be my 
brother (more usually. It may be, etc.). 

3. To represent a shade of uncertainty, as : Avrd 
torto, ma non posso fare altrimenti, I may be wrong, 
but I cannot do otherwise. 

The future perfect (futuro anteriore) indicates 
that something takes jdace previously to a futuro 
event, as : Quando avrd finito ylido mostrerd. When 
I (shall) have finished, 1 will show it to you. 

Like the simple future, the jierfect future may 
also be used to express a conjecture, as ; Come va 
che il suo amico non viene f Avrd perduto U treno. 
How is it that your friend does not come ? It 
may be that he has lost the train. 
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INTERJECTIONS 

Interjections, strictly speaking, are not real 
words, but only sounds, expressing a sudden emo- 
tion, as joy, grief, surprise, contempt, etc. The 
number of real interjections being very limited, 
contrary emotions are often expressed by the same 
sound, the meaning of which is modified by a mere 
inflection of the voice, or by a gesture accompany- 
ing it. 

Certain verbs, adverbs, and nouns are also 
used as interjections, as : eta f bene / hraw / 

The following are the interjections most fre- 
quently used, with the meaning they generaUy 
have : 

Calling ; ehi / ohe / M / / 

Doubt : mah ! 

Grief : ahi ! ohi / ah / oime / 

Incertitude : vhm f 

Negation and disdain : oibo / poh ! 

Surprise or wonder : ah ! eh ! oh ! 
Threatening : ekm / 

Vexation or irritation : ih ! ah ! 

Weariness or impatience : uh ! auff ! 

Wish, desire : magari / deh ! 

Of the verbs, adverbs, nouns, and other ex- 
pressions used as interjections, the commonest 
are : 


abbasso . . . / down 
with . . . ! 
addio / good-bye ! 
aittto f help ! 
al fuoeo ! tire ! 
air armi f to arms ? 
anitno ! cheer up ! 
anivederci is the French 
AM rtvoir 

badate ! take care ! 
hdla ! capital ! 
bene / well ! 
bravo ! bravo ! 
bv<mo / good ! 
che ! what / 

che peccaU) ! what a 
pity 1 

ehi va Id ^ w'ho goes 
there ? 

davvero f indeed ! 


dinvolo ! diamine ! per 
dince ! the deuce ! 
dio mio / dear me ! 
eccomi ! I am coming ; 

yes, here I am 
evviva ! hurrah ! 
evviva . . . / viva . . . / 
long live . . . ! 
fuori ! be gone ! 
guai ! woe ! 
gmirdate ! behold ! 
orsu ! come on ! courage | 
piano ! gently ! 
possihile / veramente / 
good gracious ! 
su / 8U / come along ! 
vergogna I shame ! 
via f eh via ! nonsense ! 
zitto ! silence ! hush ! 
etc., etc. 


Adjectives, as bello. buono^ bravo, zitto, also 
when used as interjections, agree in gender and 
number with the person to whom they are 
referred, as : brava (to a lady), brave / (to 
several ladies), zitti (to several gentlemen or to 
gentlemen and ladies), belli / (admiring pictures, 
for instance), etc. 


Exbroisb LVI. 

1. Vergogna! alia vostra etit fare una cosa simile. 
2. ^i! facchino, qual*^ il treno per N&poli ? 3. Viva 
il Re I viva la Regina I 4. Che peocato I hanno 
rovinato tutti i fiori. 6. Piano I piano ! non v^ete 
che in questo modo romperete tutto ? 6. Ahim6 ! 
sono rovinato ; non so che cosa fare. 7. Badate ! 
e’e un gran fosso nel mezzo del giardino. 8. (^e 
bella miisioa e che buoni artisti ! Bravi ! bis ! 
9. Sul non bisogna p^rdersi d'^nimo; il diivolo 
non e cosl nero come si dipinge. 10. Dio mio, con 
questi ragazzi cV da pdrdere la testa ! 11. Aiuto ! 

al fuoeo ! le fiamme min&cciano un depdsito di 
petrolio. 12. Ehi di casa ! buona gente, d^temi 
all6ggio per questa notte. 13. Bella questa I voi 
avete rotto lo spdcchio, e volete ch’ io lo paghi. 

14. Ih ! che fracasso ! non b possibile dormire. 

15. Auff ! che noia ; andiamo via. 

Key to Exercise LVI. 

1. Shame ! at your age to do such a thing. 2. Hi ! 
porter, which is the train for Naples ? 3. Long live 
the King! Long live the Queen ! 4. What a pity ! 
they have spoiled all the flowers. 5. Gently ! 
gently ! don't you see that in this way you will 
break everything ? 6. Alas ! I am ruined ; I do not 
know what to do. 7. Take care ! there is a large 
ditch in the middle of the garden. 8. What good 
music, and what good artists ! Bravo ! Encore ! 
9. Cheer up ! one must not lose courage ; the devil 
is not so black as he is painted. 10. Dear me ! these 
boys are enough to drive one mad. 11. Help! 
fire ! the flames are threatening an oil warehouse. 

12. Hulloa ! good people, give n\e a shelter for to- 
night. 13. This is capital ! you have broken the 
looking-glass, and you want me to pay for it. 
14. What a noise ! it is not possible to sleep. 16. 
What a nuis:ince ! let us go away. 

Formole di Lettere 

Mr. N. N., N. N., Esq., Signor N, N. 

Mrs. N. N., Signora N. N., Distintissima 
signora N. K. 

Miss N. N., Signorina N. N. 

Sir, Signore ; Dear Sir, Egregio signore. 
Gentlemen, Signori. 

My dear friend, Carissvno amico. 

Dear Mrs. N., Oentiliasima signora (N.). 

Dear Miss N., Oentilissima signorina (N.). 

I am, I remain. Mi creda. 

Yours truly, Suo devoiissimo. 

Yours affectionately, Suo afjezionatissimo. 
Note. The student is advised to use a good 
English- Italian and Italian-English dictionary, such 
as that by Melzi, fls. net, Hirschfeld Bros., Ltd., 

13, Furnival Street, E.C. 
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Suffixes 

EDZ denotes a married person. 

Examples : Edzo, husband ; 
edzino, wife. Doldoro, doctor ; 
doHoredzino, doctor's wife. 
Poetino, poetess ; poetinedzOf 
poetess’ husband. 

EJ denotes a place where an 
action occurs. 

Examples : Dormi, sleep ; dor- 
mejo, dormitory. Kuiri, cook; 
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kuirejo, kitchen. Freiji, pray ; 
pre^ejo, church. 

lliis suflfix is sometimes 
applied to noun-roots, in which 
case it indicates place of origin. 
Thus, orejo would be “gold- 
field” and fruktarhejo “orchard.” 

EM denotes propensity or 
disposition. 

Examples : Kredi, believe ; 
kredema, credulous. Labori, 


work ; laboretna, laborious. 
iSpari, spare; Uparema, 
frugal. 

ING denotes a holder ; that 
into which a single object is 
appropriately placed. 

Examples : Glavo^ sword ; 
glavingo, scabbard. CigaredOf 
cigarette ; (^aredingo^ cigarette- 
holder. ViohnOi violin ; vio- 
hningo, violin-case. . 
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UJ denotes that which bears 
or contains. 

Examples : Monot money ; 
monujo, purse. Anglo, English- 
man ; Anglujo, England. Piro, 
pear ; pirujo, pear-tree. 

In naming a country the word 
lando is very often substituted 
for this suffix. 

Examples : Pelgo, a Belgian ; 
Belgolando, Belgium. Ru^o, a 
Russian ; Rualando, Russia. 

And in place of UJ, when trees 
are indicated, the word arho is 
very often used. 

Examples : Pomu apple ; pom- 
arho, apple-tree. (HerizOy cherry ; 
cerizarboy cherry-tree. 

Subordinate Clauses 

The tense of a simple or com- 
pound EK|)cranto verb in a sub- 
ordinate clause must always adhere 
logically to the idea to be rendered, 
and must never, as often occurs in 
English, suffer itself to be influenced 
by a verb in the principal sentence. 
In English we should say : “ 1 
asked him whether he had a son,” 
whereas the question asked was 
whether he has a son, this being the 
original tense of the verb ust^ by 
the speaker. In Esf^eranto sen- 
tences of this kind the tense of 
the subordinate verb must remain 
that W'hich it was when first spoken. 
Thus, the above sentence would be 
translated : 

3/t deniandis al li, ru It hams 
filon.*' 

A few further examples will 
help to ex]>lain this principle. 

My brother said that he would 
consent, Mia jrato dirts ke li ifcrm- 
sentos. The prince asked who she 
was, La primo demandis kiu H 
estas. My father asked me when I 
was going to visit him, Mia patro 
demandis al mi kiam mi vizitos 
lin. She told me^ that she had 
sold the house. Si dir is al mi 
ke H estas vendinta la domon. 

In simple sentences, and princi- 
pal sentences of complex sentences, 
too, the student must be careful 
to guard himself against misuse 
in English. 

Examples : When I nm dead 
you will be sorry, Kiam mi 
estos mortinta, vi estos mol- 
felira ; To-morrow is Sunday, 
Morgan estos IHmanvo ; If you 
me I would love you, Se 
vi amus min, mi amtts vin. 

Vocabulary 

afrank'y frank balbut\ stam- 

or prepay a mer, stutter 

letter dedu^, dedicate 

halanc\ sway, eks', ex, late 

swing fahel\ story, tale 


font', source riproc', reproach 
funehr', funereal saV, salt 
garanti', gua- serur', lock 
ran tee (subst.) 

gros', goose- simiV, like, simi- 
berry lar 

haven', port, solv', solve 
harbour staci', station 
kav', cave, hoi- (railway) 

low sup', soup 

kel'y cellar surtut', o v e r - 
krur', jug, pit- coat 

cher sarij', load, bur- 

legom', veget- den 

able i^ink'y ham 

magi', magic Hup' , step, 
mien', mien, air stair 

milit', war sveV, swell (v.i.) 
mov', move tajlar', tailor 
(v.t.) taug'y be fit for 

nuks', nut tim', fear 
ofer'y sacrifice, traf', reach, fall 
offer , in with 

ofic'y office Iraki', treat of 
(duty) tren ' , drag, 

pilk'y play- ball trail 

pipr'y pei)pcr turn', turn (v.a.) 
prun'y plum tus, touch (v.t.) 
pugn', fiat met', wide, vast 
rad', wheel vek' , wake, 
rem'y row (v.) arouse (v.t.) 

Exercise XIX. 

Note. The participles are to be 
used where possible. 

He unexpectedly arrived in 
London last night. In the middle of 
my garden there grow pear-trees, 
})lum -trees, and gooseberry bushes. 
Besides those you find all kinds of 
vegetables. The servant has just 
laid the covers on the table, but 
where are the soup-tureen, the 
salt-cellar, the pepj»er-box, and the 
boll 1 Having been arouscsl from 
sleep the tailor ojjencd his (the) eyes 
and saw ihc locksmith standing 
by him. Being naturally very 
timorous, he stammers somewhat 
whenever (any) one approaches 
him. Running rapidly to the 
station, he just caught the train 
as it started. The letters were 
sent postage paid. What a strange 
swelling there is on your face ! 
This work has been defeated to 
my most loved friend. Here arc 
the purse and the jewel-case 
which I found on the staircase 
near my office. Many thanks ! 
This cigar-holder strongly re- 
sembles mine. In crossing the 
street 
under 

Having been loaded by the steve- 
dores the ship went out of the 
harbour. The tailor guaranteed 
that this overcoat was made (out) 
of the best cloth. In rowing I 
broke one of the oars. The story 
of which he was treating is not 
altogether true. Turning my eyes 


to the wide sea, I saw the ship 
slowly moving away until it 
disappeared. Happily the terrible 
war between Russia and Japan 
is now over, but we shall always 
think of. those dead warriors who 
needlessly offered their lives for 
their countries. 

Key to Exercise XVII. 

1. Servant (female), brood of 
chickens, physician, robber-chief, 
spinner, temptation, carpenter, 
butcher, service, nurse (female), 
duckling, explorer, shepherd, lady- 
artist, puppy, filly, sculptor, lady- 
doctor, preaching. The band of 
robbers were condemned by the 
judge. A writer (verkisto) writes 
books, and a writer {skrihisto) sim- 
}>ly transcribes papers. They heard 
the fusillade and the flying bullets. 
The clerk has confessed that he 
took the ring and now he is about 
to bo tried (judged) by the 
judge. When the (female) spinner 
was ill, the physician visited 
her, but after some time she 
died. The iron was forged by 
the smith. 

2. Tiu ci estas la rimedo, kiu 
estas rekomendata de la maristo. 
La pordo estis alriglita kontrau 
la rabisto. La suspektato estas 
denuncita dc la komizo, kaj 
li certe estos severe punata. 
Tiuj ci versoj estas elcerpitaj 
dc la tradukisto, el la verkoj de 
la plej bonaj verkistoj. luj staris 
sur segoj kaj benkoj por pli bone 
vidi, sed la parolisto ne povis 
esti audata. Ne estas eble vidi 
flugantan kuglon. Li estis 
songanta pri sia malproksima 
hejmo, kiun eble li neniam 
vidos plu. Neniu havas la 
raj ton jugi. Memoru, ke kiu 
jugas, tiu estos jugata. Nun 
estas nokto, kaj ni povas vidi 
la brilantajn stelojn super la 
saumanta maro. Amikoj, malofte 
vidataj, estas amikoj forgesitaj. 

Key to Exercise XVIII. 

Mi pafis sagon en la aeron, 
sed perdinto gin, mi konkludas 
ke mi ne estas spertulo. Tiu ci 
ekzercaro, presite per linotipa 
masino, estas nun preta. Pen- 
trante tiun pentrajon, kaj deseg- 
nante ci-tiun desegnajon, li 
altiris multe da atento. Vi 

ua V'V.' \A\J Atm 

meblaro kaj omamajoj, ili pro- 
zentis argentan moneron al la 
pordisto. §talo estas fleksebla, 
sed fero ne estas fleksebla. Ciuj 
elmigrantoj malsparis sian 
monon, kaj alveninte en kom- 
patinda 8tato» ili ekscitite plendis 
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pri Bia malfelico. Tiu kantanto nenion signifas. Torprenu propono estis zorge preparit 
estas nek audinda, nek vidinda. tiun aoidajon. Kiam la mason- kaj poste prezentata al 1 
La skribinto de tiu 6i letero isto estis mortonta, liaj heredon- societanaro. Vi estus multe em 
estas la unua atestanto. Fininte toj venis por rioevi lian benon, barasata, se vi soius kiel mal 
sian mangadon, li sonoris. Jen kaj dividi lian ricajon. Ilia prudenta li estas. La arb 
estas la rostita bovajo. 6u vi rapideoo poste pikis al ili la estas fendita de la arbaristo pe 
preferas bovidajon, safajon au konscienoon. Estas pli bone hakilo. Mi povas konsoienc 
^fidajon, sinjoro ? Tia spriteco morti malrica, ol neamata. La atesti tion. 

Continued 


\ GREEK Ckmtlnu^^froui 

ACCIDENCE. VERBS — continued 
Regular Verba in -tu. Hitherto, with 
the exception of the two verbs dfd, be, and 
etfu, go, we have given the conjugation only of 
verbs in -w. We now come to the second class, 
verbs in -/a. These are distinguished in their 
inflection from the verbs in -a» almost exclu- 
sively in the tenses formed from the present 
and second (or strong) aorist stems. In the 
other tenses they agree with verbs in -w. The 
following is the conjugation of the present, 
imperfect and second aorist tenses of tlie four 
typical verbs set ; rlBrifii, put ; dlSufit, 

give ; deUvvfiif show : 

Active Voice 
Present Indicative 


IfTTrilU 

TiBrifjLi 

SLdtj/xi 

belKPVfU 

umjs 

tIBijs 

dldm 

b€iKPVS 

i(rT7f(ri 

rLBrfSi 

dlduxri 

b€lKPV<n 

Xcrrarop 

rlBerop 

SLSarop 

beUpvrop 

i^rraTOP 

rlBerop 

SlSarop 

bilKPlfTOP 

larafi^p 

rlBeu^p 

Bldofiep 

belKPVfiep 

IffTare 

riBere 

SiSore 

beLKVifre 

4<rra<rt 

TiBiaai 

diddauri 

beiKPvcun 


Imperfect Indicative 


urrrjp 

irlBrfP 

ididovp 

ib€lKVVP 

X(TT 7 }f 

iriB^is 

idldovs 

ibelKPvt 

X<rrr} 

iriBei 

idldov 

ibelKPV 

X<TraTOP 

iriBerov 

idldoTOP 

ebelKPirrop 

uttAttjp 

iriBiTTfP 

iSiddrrfP 

ibciKPirrijp 

X(TTa(X€P 

iriBe/xep 

idldofjLtP 

ib^UvvfUP 

X^TTare 

iriBexe 


ibtlKPVTt 

uTToaap 

irlBetrap 

idldo<rap 

ibdKPiHraP 


Second Aorist Indicative 

tiTTTIP 

[tBifp] 


None 

(arrft 

ItBv^] 

[Wwt] 


itrrri 

[^^17] 



iffTTfrOP 

iBeroP 

fdvrop 


ijrriTyjp 

iBirriP 

tddrrjp 


tiXTTJU^P 

tBcfi^p 

tbofnep 


((TTHfrC 

(Bcre 

(SoT€ 


t(rT7f<rap 

tBecap 

(borap 



Kote. tarrfp is intransitive, I stood, not I set. 
The first aorist ttrrrfffa has the transitive sense, 
I set, I made to stand. The forms in square 
brackets, (Btjp, fdtap, etc., are never used : for 
the singular forms of the second aonst the forms 
of the first aorist are borrowed — idrjKa, iOriKat, 
($r}Ke, and tdijOKa, (dwKas, fduKe. 

Present Subjunctive 

VttCj TidCj 5idCj detKvvia 

TiOy^ 5i5<ps SeiKPi^s 

ioTjJ TiBv dflKP&ff 


By 

G. K. 

Hibbert 

, M.A. 

iffTijTOP 

riBrifrop 

biburop 

beiKPirsTov 

IffTjjfrop 

tiB^top 

bibCrrop 

beiKPOriTop 

Urrufiep 

riBwfiep 

bibCb/iep 

beiKPinaiJL€P 

larifTe 

rtBrjre 

bibGrrc 

beiKPiftfre 

iOTtoHTl 

riBuHn 

bibC^i 

beiKPWOffL 


Second Aorist Subjunctive 

crGi 

BG> 

bia 

None 


Bis 

bijjs 


etc. 

etc. 

etc. 



Present Optative 


X<TTah)v 

TiBeljjp 

biboiijy 

b€lKPVOl/Xl 

iffraLri^ 

TiBclrjs 

bibolrjs 

beiKPi'fOi^ 

iaralTi 

riBeirf 

biboiyj 

beiKPVOL 

urralifTOP 

TiBelriTOP 

biboLtfrop 

etc., 

or laraiTOP or nBetTOP or biboirop 

like verbs 

i<TTaiifT7fP 

TlBeiT^TTfP 

biboLijfrriP 

in -w 

or uTTalTrjp or xiBelrrjp or bibolrriP 


iaTalri/jLep 

TiBflrffMep 

bibolnn^r 


or iaraXfiep or riBeifxep or bibolfUP 


Icralrfre 

TiBelrire 

bibolvfre 


or Icrratrf or riBeire 

or biboiTs 


Urralrfffap 

riBelyjaap 

bibolrjcrap 


or iffraUv or rtBcXep 

or biboi€P 



Second Aorist Optative 


craiffp 

BelTfP 

bolrpf 

None 

ffralitf 

Belvi 

boitfs 


etc. 

etc. 

etc. 



Present Imperative 


iarrrf 

rlBei 

bibov 

belKPV 

Urrdrut 

TiBirta 

bib&ruf 

btiKPifTta 

etc. 

etc. 

etc. 

etc. 


Second Aorist Imperative 

ffryBi 

Bis 

bbs 

None 

arifTb) 

Birta 

bdrta 


arifTOP 

Birop 

b&rop 


crrijfrwp 

Birwp 

bbrup 


arifTt 

BiT€ 

bbrc 


cHjruHrap 

Birunrap 

b&riaaap 


OTffrdPTiap or BtpTUfp 

or bbpTtap 



Present Infinitive 


lardvai 

nBipat 

bibbpai 

beiKPifpai 


Second Aorist Infinitive 

ffTTfpai 

BeiPai 

bovpai 

— 


Present Participle 


lirrdt 

riBelf ^ 

bibods 

beiKPtifs 


Second Aorist Participle 
(rrdt Belt 5o6t 





UINQUACm— QRKBK 


Note. Urrds is declined like \iVas, and ndeU 
like XvSeLi. dMs is declined like \6(ov, except 
in nominative and vocative singular : 


Nom., Voc. Sidods 

Sidovaa 

8i86p 

Oen. 

8i86pTOf 

didoi'fcrrjs 

dlddPTOS 


etc. 

etc. 

etc. 

deiKPiJs is thus declined : 


Nom., Voc. SeiKPiJs 

SeiKPvsa 

SeiKP^/p 

Arc. 

SeLKPijpra 

dciKPVffap 

deiKPi'fP 

Oen. 

SeiKPiJPTos 

deiKPVlTTJS 

deiKPVPToi 


etc. 

etc. 

etc. 


Passive and 

Middle Voices 


Present Indicative 


israpai 

rLBepai 

dldopai 

SelKPvpai 

iffTasai 

rlBea-ai 

dlSocrai 

del’KPVffat, 

iftrrarat 

riBerai 

dLSorai 

SclKPvraL 

HoraaBop 

rlBeaBop 

5l8o€rBop 

SeUpvffBop 

iaraerBop 

rLBeffSop 

didoaBop 

SetKPvarBop 

ierdpeOa 

TiBipeda 

di86peBa 

SeiKPvptBa 

la-raaBe 

rlBeffBe 

hlSoaBe 

SeLKPVffBe 

taraPTat 

riBeprai 

SiBoprai 

ScUpvprai 


Imperfect Indicative 


Inrdprjp 

iTiBtprjp 

t5i66pr)p 

eSeiKPvprjp 

’iffraao 

trlBeao 

(SlSoso 

iSeiKPvao 

tor rare 

trlBero 

dSiSoTo 

idCLKPlfTO 

etc. 

etc. 

etc. 

etc. 


Second Aorist Indicative (Middle only) 
None itii/jLTfv None 

tBov ^Sov 

l^ero tdoTo 

etc. etc. 

Present Subjunctive 

larufuai TiBw/Jiai didw/xai d€iKPt'i(t)fjLai 

IffTJf TlOji di6(fj dciKVi'H 

larrjrai, riBijrai SiSurai SeiKPinjrai 

etc. etc. etc. etc. 

Second Aorist Subjunctive (Middle only) 
None $u}fxai Suj/jiaL None 

Or) 5(fj 

Bijrai dCjrai 

etc. etc. 

Present Optative 

l(TTCLlfii)p TiBeifjLrjv didoi/jLrjv deiKVvoi/xrjp 

IffTUio riBilo bihoio 6 €ikvi'’Oio 

IcrraiTo riBeiro didolro deiKPi'^oiro 

etc. etc. etc. etc. 

Second Aorist Optative (Middle only) 
None Beifirjv dol/xrjp None 

Beio doio 

BtlTO doiTO 

etc. etc. 

Present Imperative 

taraao rlBeao Sldocro SelKPixro 

or larcj or rlBov or dl8ov 
IcrritrBuj riBtcrBu di86<rB(i) d€iKPi'><rB<a 

etc. etc. etc. etc. 

Second Aorist Imperative (Middle only) 
None ^ou SoO None 

Bt<rBu) ddirBcj 

etc. etc. 

Present Infinitive 

tffracrBai Tl$€<r$ai BldoffBai delKPvaSat 

Second AoriH Infinitive (Middle only) 
None BMai bMat, None 


Present Participle 

Urrdpepoi riOifiepos diddfjLCPOs dciKPCjxePos 

Second Aorist Participle (Middle only) 

None 64fjL€Pos 86fi€Pos None 

The other tenses of these verbs are conju- 
gated like verbs in -w. They are : 

Future Indie. <rri)<rw Bi^cro} 3t6<rw Sel^ut 

First Aor. Indie. ^a'rri<ra tdrjKa tScjKa ^deii-a 

Perfect HffT-qaa TtBeiKa d^dtaKa 

and Passive and Middle accordingly. 

tffTTjiJLi has also a second perfect form : infini- 
tive itrrdpaiy jjarticiple etrrws. This is used only 
in dual and plural in the indicative : dual ^(rraroPy 
^ararop ; plural ^a-rafiep, ^(rrare, iffraaL. 

irifii, send, is conjugated like TiOrjfjn^ but the 
third plural present indicative is idai. It hjvs 
future ii<TQ), aorist ^Ka. perfect perfect pas- 
sive aorist passive tlBrjp. 

077/d, siiy, is conjugated almost like itn-nfii. 
It has imperfect ttj>r)p, and future 077<rw. The 
second singular present indicative is <t>V ^ — 
077/A^, 0775, 077<rt ; <f>aT6Pf (pardp ; 0a/4^v, (part, <pa<rl. 

SYNTAX. The Genitive Case 

The Greek genitive is a “mixed case,” 
standing both for the genitive proper and for 
the ablative. In Sanscrit there were eight 
cases — nominative, vocative, accusative, geni- 
tive, dative, ablative, locative, and instrumental. 
Latin has lost the last two as separate cases, 
and uses the ablative for both. Greek has l«>st 
the ablative as well, and makes the genitive 
include the old ablative, and the dative include 
tlie locative and instrumental. 

A. The Genitive Proper. The genitive 
proper most often 'qualifies a noun, less often 
an adjective, adverb, or verb. It denotes 

1. Origin. 2. Possession. 3. Object. 4. Quality. 
5. Material. 6. Relation of whole and part. 

1. OmtaiN, generally of paternity, as Aios 

Apre/tts, Artemis (daughter) of Zeus. Under 
this head may be classed the “genitive of 
cause” and the “genitive of exclamation.” 
The Genitive of Cause is common after verbs 
expressing emotions, as wonder^ vittjy envy^ 
revenge^ etc. — as : <re roD voG, I envy you 

for your mind. It is also frequent in legal 
langmige after verbs of accusing, acquitting, 
condemning, convicting, etc. — as : 5iw/cet /xe <t>6pov. 
He prosecutes me for murder ; (peOyeip <t>6pov, to be 
charged with murder. The Genitive of E xclama- 
tion gi^es the cause of the astonishment or grief 
— as : Cbfioi ^/x^s dri/s, Alas, for my infatuation ! 

2. Possession, the chief noun being often 
omitted — as : rd twp 'EXXtJvwi/, the possessions of 
the Greeks. It may be used predicatively after 
a verb — as : itmp dpSpbs (To<t>ov Koatxlm fiiovp. It is 
the part of a wise man to live discreetly. With 
this may be classed the “Subjective Genitive,” 
denoting the subject of an action or feeling — as : 
ij TQu dififxov cBpoia, the goodwill felt by the people. 
This is sharply contrasted with the next use. 

3. OB.TECT, often called the “ Objective Geni- 
tive,” denoting the direction or object of the 
action, or feeling. After a noun — as: tpKos 
voX^pov, a protection against war ; Tttpa tx^tMP, 
an attack on one’s enemies ; t 6 Meyafdtap 07)0((r/xa, 
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the decree concerning the Megareans {not pro- 
posed by them) ; peace from 

foes. After an adverb — as : \d$fni AaopJSojfrw, 
unknown to Laomedon. After an adjective or 
participle-— as : tirUrrpoipos dvOpdruPf conversant 
with men ; ed elSJjt, well skilled in the bow. 
After a verb, to express (o) direction of phy- 
sical effort — e.g., after verlw like begin, rule, 
try, touoh, aim at, desire, guide, reach, fail of — as: 
frixe {rifyxdpia) oticrov, He gained pity ; A^offOai 
(dvro/iAai) cling to someone’s hand; 

w* ToXtfjLov Apxofi^v, We do not begin war. 
(6) direction of mental effort, after verbs like 
hwr, know of, speak of, remember, remind, forget, 
perceive — as : dKOtfu, T hear a voice ; dXsnjt 

/np^a-curOcu, to remember one’s strength. 

4. QuALiry or Description — as : rdX/utrfs 

TTiKpds, an eye of cruel daring ; rijs aifrijs 

ypibfirj^, some men of the same opinion. With 
this we may class the “ Genitive of Price ” — as : 
ir^pT€ fUfCjp rifiaTcu, He is valued at five minae ; 
&^i6s i<rTt Bawdrov, He is worthy of death ; totoO 
dtdd<rK€i; For what price does he teach ? Also the 
“ Genitive of Definition ” — as : Ipicos dddvrojp. 
a fence formed by the teeth. 

6. Material — as : evv^ icByro^ /j-aXaKi}^, a bed 
of soft clothes ; ai (Homeric geni- 

tive form) rerfi^xaro Kaaairipov re, The COWS were 
wrought in gold and tin. 

6. Partitive Genitive — i.e,, the genitive of 
a noun which in the nominative denotes a divi- 
sible whole — ^as : dtwas otwov, a measure of wine ; 
Bewp Ad, to Zeus among the gods ; woXif r^s yijs, 
much of the land. It is often used after an 
adverb— -as : dXXoBi yairit, in another land {lit, 
elsewhere of land). But the most important 
use is after a verb : (a) Predicatively after 
“to be” — as : ^cXc rwi' fi€p6vTu>v €Xvai, He wished 
to be one of those who remained. (6) The geni- 
tive denoting that of which part, not the whole, 
is given or taken — as : rijs iairroO yrjf (dwKe, He 
gave some of his own land. Similarly after 
verbs like fill, lack, enjoy, taste, smell, spare, 
share, etc. — os : KpofLp.uiap daippatwofiai, I smell 
onions ; filXiros y€v€(rBai, to taste honey ; pxrixu 
rijs Xtlas, I share the spoil. Sometimes after a 
negative adjective — as : dSiopdraros 
taking (of) no bribes, (c) A genitive of place 
or time may be used in loose dependence on a 
verb to denote the limits within which the action 
is confined, as the accusative is used to denote 
the extent of the action. Place : ipxovrai irtSCoio, 
They go through the plain ; toO Where on 
earth ? In prose this use is found in a genitive 
neuter of an adjective used adverbially with a 
verb of “wanting” — as; dlv iroXXon, I fail by 
much ; iXaxlarov iht7i<F€ dia<l>B€tpai, It came within 
an inch of destroying {lit. it lacked very little 
to destroy). It may even bo used as a plain 
advc*rb, as /jnKpov, nearly. Time : pvtcrds, by 
night ; bpaxjiv^ rrji i)fi€pas, a drachma a day. 

B. The Ablative Genitive. This denotes 
the “terminus a quo” — t.e, motion or separa- 
tion from a person, tiling, or place. It is used 
(a) after a verb, to denote motion from — as : 
’OXtf/iToto (Homeric genitive) KanfjXBofup, We came 


down from Olympus; or to denote “hearing 
from ” a person, after dKodta, xXdio, k.t.X, It 
may also denote separation in general — as : 
TpCMf djbLVPe pewp, He kept the Trojans off from 
the ships. (6) After a comparative — as : /acO^up 
iKctpov, greater than he; the idea being “the 
greater, starting from him, or as viewed from 
him.” This genitive is used after verbs, adjec- 
tives, or adverbs implying comparison — as : 
ipradaBai ripos, to be weaker than someone, to 
be beaten by him ; (repot rodroip, others than 
these ; (xTrepoi rijt puixm* too late for the battle ; 
KdXXiarop twp Tportpufp, fairest of those before 
(t.c., fairer than all predecessors) ; pueytantp rdv 
irp6 airr^t, greater than any before it. 

0. The Genitive Abeolute. A noun and 
a participle, not connected with the main con- 
struction of the sentence, may stand by them- 
selves in the genitive. This is called the genitive 
absolute (corresponding to the ablative absolute 
in Latin) — e,g., ddcpros roO rjXi'ov d0iVero, As the 
sun was setting, he arrived ; e/uoO KaBedSopros raOra 
iyipcTo, This hap{iened while I was asleep ; 
rodnap ovk difuKOfidptitp dtHfXBofxcp, As they had not 
come, we departed ; ravra iirpdxBrj Kdpupoi 
(TTpaTT/youpros, This was done when Conon w'as 
general ; firfSepds (TapKoupros dir6Xa;Xa, If no one 
aids, I am ruined. The participle sometimes 
stands alone, the noun being understood — as : 
oiTu B'ixdPTbiP, eUdi itrrtp, k.t.X., And this being so 
(understand vpaypArtap, lit. things being so) it is 
likely, etc. This is the regular construction, 
the accusative absolute being confined to certain 
impersonal verbs. 

Key to Translation (“The First Glimpse 
of the Sea ”). 

Thence they marched through the Chalybes 
and came to a great city which w'as called 
Gymnias. From this city the ruler of the 
country sends a guide for the Greeks, and he 
coming Faid that he would bring them to a spot 
w hence they could see the sea. So he led them, 
and on the fifth day they reach the mountain. 
When the vanguard were on (the summit of) 
the mountain and caught sight of the sea, there 
arose a great shout. Xenophon and the rear- 
guard, hearing it, thought mat an enemy was 
attacking those in front. But when the shouting 
became more, and those who kept coming up 
ran at full speed to those who kept on shouting, 
it seemed to Xenophon to be something more 
serious {lit, greater) ; so mounting his horse and 
taking the cavalry, he went to the rescue. Soon, 
however, they hear the fwldiers shouting, “The 
sea ! The sea ! ” and encouraging one another. 
Then they all ran ; and when they got to the 
top, there they embraced one another, generals 
and captains alike, weeping. Immediately the 
soldiers carry stones and make a great heap. 
After this the Greeks dismiss the guide, giving 
him gifts : a horse, a silver vessel, a Persian 
dress, and money ; and he, having shown them 
a village where they ought to encamp, and 
the way wliich they should go, wont away in 
the night. 


Continued 
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TALL PLANTS & GLASSHOUSES 

Group 1 

GARDENING 

The Tall-growing Fiowera. The Management of Glasfdiousee. Green- 

4 

house and Hothouse Plants and Ferns for Home and Market. Orchids 

.Continued from 
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By H. H. HAVART 

\WHKN first laying out a garden, or altering the for general garden pur[) 08 es. Their average height 

^ appearance of an existing one, the proper use is about 5 ft., though some of the newer h^rids are 

of the taller plants is a matter which requires very much taller. As these larkspurs increase rapidly, 
careful consideration. In a small garden the em- they should be dug up and the roots divided every 

ployment of many tall plants is a mistake, for not four or five years. When once they have started 

only do they overshadow the humbler plants grow- flowering, they can be made to continue to do so 
ing at their feet, but their general e^^t is to make for several months by cutting off a flower spike as 
the garden appear smaller than it retuly Is. In fact, soon as it has done blooming, when another one 

the only positions in which tall-growing flowers can will immediatelv begin to make its appearance 

be employed with advantage in small gardens is in from the root of the plant. 

the borders against a wall or fence. Even then, if The Garden Foxglove. To the novice who 
there are many of them, they give the pla<M a some- knows the foxglove only as a tall, pale purple plant of 

what military appearance, with their spiky heads our lanes and hedgerows, and is apt to regard it as 

standing in rows like bayonets. almostaweed,the idea of growing it in a garden may 

In large gardens the tall flowers can be used in seem peculiar. As is the case with many other flowers, 

profusion mmost everywhere, to break up the however, it has been taken in hand by nurserymen, 

monotony which would otherwise be produced by who have raised many new and valuable sorts. Fox- 

the dead level of height of about 2 tt., which is gloves require a good deal of space, however, and for 

attained by so many of our fairest garden flowers. that reason must be introduced into a small garden 

They may be used in clumps in borders, or in the with care, as they soon develop a habit of sowing 

centres of large beds, or they look particularly themselves. Hence, under such circumstances, they 

charming in b^s by themselves set in the middle are best used as sproimen plants in large beds. The 

of an expanse of tuit, so that they can be admired method of culture is similar to that already given 

at a little distance. for the delphinium, and the white variety is the 

Hollyhock and I«arkapur« The holly- most imposing, often attaining a height of 6 ft. 
hook is one of the most useful of the tall-growing Canariensis, with flowers of a brown colour, and 
flowers, and, although it is sometimes called old- Grandiflora, having yellow blooms, are two inter- 
fashioned, it is without a rival for effectiveness in esting sorts if variety is desired, while there are 

poor soils. It is no uncommon thing to find these several sorts with spotted flowers Imown as gloxinia- 

plants self-sown in gardens, but such varieties are flowered foxgloves, which are interesting. 

TOst relegated to the wild garden. The choicer As with the larkspur, it is tho perennial lupin 

sorts, however, deserve to be cultivated every- which is the talbgyow^ variety of lupins. The 
where. There are two ways of growing hollyhocks. culture of lupins is simplicity itself, as the seed 

One is to sow seed in autumn in a cold frame,* simply needs to be sown in any garden soil in spring, 

protecting it during the winter, and putting the and the plants thinned out when they are a few 
little plants out in spring ; and the other is to inches in height. The thinning should be drastic, for 

sow in February in heat, a^ plant out in spring the lupin is of bushy habit as growth proce^. 

or early summer with the biding stuff. The Thougm strictly speaking, perennials, lupins fre- 

former method usually gives sturdier plants. The quently fail after three or four years, but they are so 

average height of the hoUyhook is about G ft. or easily grown from seed that this is not a matter 

7 ft., though there are many instances on record of great importance. The best sort, esp^ially in a 

where they have attained an altitude of nearly • poor soil or a rooky comer, is the tree lupin {Lupinus 

20 ft. Nurserymen keep a good many sort^ arboreus\ a stout, bushy plant, with stiff spikes of 
vai^ng in colour from white to a very dark crimson, yellow flowers, reaching to a height of 4 ft. or more, 

which 18 almost black, and including vellow. There Impinus potyj^ylliis is an even taller sort, with 

are also double-flowered sorts, all of which are worth purple-blue flowers, and of this species there is a 
growing where there is sufficient space. white variety — ^Albiis. All the tree lupins are excel- 

The tall-growing larkspur (Delf^inium) must lent plants to employ in large places where the 

not be conrounded with the ordixiary lorlupur of formal ftardon melts away into the woodland, and 

the garden. Though both belong to the same t^ soil is probably not so rich, or constantly 
family, the tall larkspur is a perennial [29], while worked, as it is neaier to the house, 
the ordinary larkspur is an annual, and must be Flame Flower or Torch Lily. This is 
sown afresh every season. The perennial larkspurs a valuable plant of many names. It boasts two 

can be raised horn seed, either by sowing in heat Latin names — Kniphofm and also Tritoma ; while 

in the early spring, and planting out tho seedlings it is also known in different parts of tho country 

where they are to flower, or by sowing in the as the torch lily, ^and sometimes as the red-hot- 

open ground in the summer, in which event good poker plant. It is a hardy perennial, cultivated 

strong plants will be obtained to bloom the m the same way as the delphinium, and at its best 

following year. Though the larkspurs do best in in a deep rich soil, though it will thrive in practi- 
loam, they may 1^ made to thrive in a light oally every garden. When it is desired to increase 

sandy soil provided it is well manured and freely the plants, they should be taken up and the roots 

watered. The many new hybrids embrace all sorts divided, either in spring or autumn. The most 

of colours from pale yellow to purple and red, but popular variety of the flame flower is Knipftofia 

the rich blue sorts are, perhaps, of tne greatest value aloidea — attaining a height of 6 ft. or mote, and 
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having long flowerinjg^ spikoft of particularly brilliant 
scarlet flowera, ahadmg to orange. It is the peculiar 
brilliance of the flower^s spikes which has earned for 
it the name of red-hot-poker plant. An exoelknt 
plan to adopt with it, though at is rarely put into 
practice, is to mass it near the edge of a lake, in 
company with bamboos and pampas grass, where it 
gives a charming efiect in the autumn. 

The Deepleed Sunflower. Although 
man^ people pretend to despise the sunflower 
(Helianthus) [25], to do so practically amounts to a 
' profession of ignorance regard- 
ing the plant. Certainly the 
ordinary annual sunflower, fre- 
quently met with in suburban 
cottage g^ens, is not a plant 
which it is desirable to employ 
extensively, as it takes a lot of 
nourishment out of the soil. 

Several of the varieties of 
perennial sunflowers, however, 
are among the most valuable 
of the taller flowers of the 
garden, as the brown-centred 
yellow blossoms give a blase of 
'colour equalled oy few other 
flowers of this class. The flowers 
are not particularly Uu'ge, being 
in most of the varieties about 
3 in. in diameter, but the^ are beme in great 
Profusion. Their best use is, perhaps, singly, m 
beds, as they are of bushv habit,' and, conse- 
quently, take up a good deal of room, though 
where there is a large shrubbery they may 'be 
massed with good effect Thev are raised 'from 
seed iu the same way as delpWiums, and may 
be sown in the open air early m April, where" they 
are to flower. It is well to dig them up and part 
them every three years, as they increase Very rapidly, 
and are apt to get out of hand if left undisturbed for 
a period longer than this. The best sorts are r Gigan- 
teus(lOftr); OrgyalisfS ft); Becapetalus <6 ft). 

Other Tall Flowers. 

Though most of the hibiscuses 
are generally considered to be 
greenhouse flowers, there are 
several of them suitable for 
open-air culture in favoured 
spots, particularly in the gar- 
dens in the south and west of 
England, and where deep and 
rich soil is available. In such 
circumstances, the best way 
to grow them is to treat them 
as l^lf'hardy annuals, sowing 
the seed under heat in Feb- 
ruary, and planting out in the 
late spring. The variety most 
likely to succeed is aibiscuft 
nutnihot, which sometimes 
reaches a height of 5 ft. or 
more, and has yellow flowers, 
with a dark crimson centre. 

Another hardy hibiscus/which is oftem classed as a 
shrub, is Syriacus (the Rose of Sharon), reaching 
to a height of 8 ft. or 0 ft. under favourable cir- 
cumstances. It makes a good centremeoe lor a 
l)ed on a lawn, but shomd be usea sparingly. 
There are hybrids with flowers of all colours from 
white to crimson. 

Humea elegana is a half-hardy biennial plant— 
that is to say, seed must be sown one year for it 
to bloom the next, after which it dies. The seed 
should be sown after the middle of the summer in 
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pots of rich sofl, and given an oocasional dose 
of liquid manure during Hie winter, as only by 
feeding them liberally can the beat results tbe 
obtained. About a year after sowmg they will be 
ready to plant out, and Hiey may be used either at 
the back of the border, as a speoimen on the lawn, or 
as oentrepieoes to a bkl Tney range from 5 It. to 
8 ft in height, according to the soil and position 
in which they are grown, and have long feathery- 
like spikes of red-brown flowers. 

In addition to the foregoing, many beautiful 
flowering shrobs may, with ad- 
vantage, be introauoed into 
bed and borders, instead of 
confining them to the shrub- 
bery. It is necessary to fliake 
such introductions with care, 
as if overdone the tenderer 
plants will soon be starved to 
death. Shrubs which are suit- 
able lor such a purpose include 
the hvdrongea, psroiiy. Daphne 
9nezershm, some of the choicer 
rhododendrons, ma^^nolias, 
flowering currants, spureas, and 
the mock orange. 

How to Manage a 
Glaaebouae. Glasshouses 
are roughly divided into three 
house, the intermediate house, and 
h the cool house, no artificial heat 
The intermediate house, 


DUTCH AZALEA 

For the gr^nhouse 


sections — the c 
the hot house, 
of any sort is employed, 
which>mayi- perhaps, be more readily recognised by 
its popular name of ** heated greenhouse/' is one in 
which ' the wmter temperature is always kept at 
least 15^ above freezing point, and the hothouse, or 
stove, where most of exotics are nown, should 
' always be held Up to a minimum of 10® above this. 
All hou^ require the same sort of treatment in 
their general management. 


fiot water is the i 
■ are heated, and soft water, if it can I 


which houses 
procured, is 






^ - 


I- . ■ 


24. GEESNBOUSE HEATH 


the best to employ, hard water 

H quickly fouling the pipes. With 
the ordinary upright boilcn 


boilers, 

coke is practically^ os good as 
coal for stoking purposes, and 
has, at the same time, the 
merit of being more economi- 
oaL It will burn longer, how- 
ever, and maintain a regular 
heat better, if it is first slightly 
damped and mixed with coal 
dust. This latter is the best 
method to employ when mak- 
ing op the flies to last all 
throng the night, as, if once 
the temperature of the house 
is allowkl to fall below the 
point at which It ought to be 
maintained, fatal re^ts may 
follow. Svery greenhouse 
should be fnnuHied with a 
maximum and minimum thermometer, the tube of 
which contains tiny glass indexes, one of which 


indicates in the mon 
the temperature has 


; the lowest point to which 
, during the night, while 

the oth^ shows the highest point touob^ 
Although the purpose of greenhouses is avowedly 
to grow tendw plants. It most not be forgotten that 
the more a grpenhouse is ventilated, tlm healthier 
will be the conaition of Its occupants, provided the 


atmospheric conditions are ru 
foggy days, but little air can i 


[it On dull, wet, or 
> given, but when the 


weather is bright and warm, the Tentilators oan be 
opened all day long, nrovided an eye is kept on the 
thermometer. Cleamineas is an essential feature 
in the management of a greenhouse. Before any 
potting is done, the pots should be scrubbed 
per^Sy clean, and this cleanliness should be 
maintained after thejr are filled by washing them 
over outside at intervals of a week or two. The 
shelves of the greenhouse should be washed down 
at least once every three weeks, and the glass itself, 
as well This operation also affords £bcility for 
looking over the plants. Such a house cleaning, if 
it may be so termed, not only benefits the plants 
themselves, and improves the appearance of the 
house, but it also helps to keep away insect pests. 

Never use cMd water in a hotnouse when watering 
plants. It should always be a few degrees higher 
m temperature than the atmosphere in the house. 
The best time of the day to water is about the 
middle of the day in winter and the evening in the 
summer-time. In the spring and autumn, watering 
may be done early in the morning. Greenhouses in 
very sunny positions will re- 
quire to be shaded in the 
summer-time from the glare 
of the sun in the middm of 
the dav. This shading usually 
takes the form of a blind which 
can be pulled down over the 
roof ana let up again when 
necessary. Five or six hours 
in the middle of the day is 
generally long enough for this 
shading to remain down, pro- 
vided the sun docs not go in, 
in which case it should be 
pulled up immediately. In 
the place of these blinds, or 
shades, a mixture of whitening 
and water is sometimes thrown 
over the sunny side of a house, 
but this rough and ready 
method of snading has two 
drawbacks— It whitens every- 
thing with which it comes in 
con^t, and cannot, moreover, 
he removed instantaneously 
during a cloudy time. 

The Flowers of the 
Greenhouse. The proper 
arrangement of the greenhouse 
is one of the gardener's most difficult duties, 
especially if the space under glass at his disposal 
be limits. 

Where there are two greenhouses only, it is 
certainly better to devote the larger one entirely 
to show, and keep the smaller one for rearing seeds 
and cuttings — that is, assuming that one is a warm 
and the other a cool greenhouse. The ideal way is, 
of course, to have houses of throe different tem- 
peratures in duplicate, one for show and the other 
zor use, looking at it from the gardener*s point of 
view. So much depends, however, upon the likes 
and dislikes of an employer that no .definite rules 
upon the subject can be laid doam. 

For the purposes of this article, the word ** green- 
house ** is intended to mean the general purpose, 
or intermediate house, the tcmi)erature of which 
is not allowed to drop below 40 deg. in the winter. 
Practically all the summer and autumn bedding 
plants mentioned on page 6492 may be flowered in 
the greenhouse, ana bloom had several weeks 
earlier than if they are planted out in the open 
ground. Daffodils, tulips, lilies of«the valley, and 



all the other spring-flowering bulbs may readily 
be forced on in boxes for cutting or tabU 
decoration. 

The Meet Important Greonhouee 

Plante. The abutilons are a family of fairly 
large sized shrubs requiring a good deal of room, 
and therefore out of place in a small green- 
house. They are raim from seed sown in 
early spring, or from cuttings of old plants taken 
at the same time. As soon as the plants are big 
enough to handle i^hey must be repotted Into 
larger pots, and the process reputed at intervals 
until the plants are full grown ; in this state they 
often attain a height of 6 ft. The best sorts, 
especially for commercial purposes, aie Boule de 
Neige (white), Boyal Scanet (red), and Colder 
Fleece (yellow). 

The acacia is better known by its popular nam9 
of mimosa, and is best raised from se^ sown in 
spring in the ordinary way, as attempts to propagate 
it from cuttings are rarely successful. There are 
several sorts, all very much alike, but the best for 
general purposes is Acacia 
dealhata where space is of 
no object. It is this variety 
which is sold in such huge 
quantities in the streets of 
towns and cities. A lot of 
it comes to London from the 
South of France, but English 
grown mimosa usually reedises 
nn average price of 48. pci 
‘•pad.;* A 11 the acacias flowci 
in spring time, except Platyp* 
tera, wmch is an autumn, 
flowering variety. 

Asalea. The azalea in 
the greenhouse is now usnally 
grown in the form of the 
small pot plant, so familiar in 
the florists’ windows. Although 
a hard wooded plant, its cul- 
ture is very similar to that of 
the oamelfia, except that it 
should be grown in pots in- 
stead of tubs. It flowers 
during the early spring, and 
should be stood out about 
June, giving plenty of water 
so t^t the wood can ripen 
properly. In the south and 
west of England some sorts grow into bushes in the 
open. Azalea mollis, Indies, Fielder’s White, and 
Dutch Pearl [23 J are the most useful sorts. Good 
market plants fetch from 248. to 30s. per dozen. 

Begonias are among the most valuable winter- 
flowering plants of the greenhouse, while there are 
in addition some sorts equally desirable on account 
of their •'brilliantly marked foliage. They are not 
at present seen to a ^at extent in private green- 
houses, but they are largely grown for the market. 
They are best propagated by cuttings taken in the 
spring, and potted up in tiny “ thumb *’ pots, in 
loamy soil, with a good layer of silver sand on the 
top of it. If allowed to have a warm comer in the 
greenhouse for the first month or two they will 
make rapid growth, and when the pot is full of roots 
the plant should shifted into a 5-in. pot, where 
it will flower the following winter. The best sorts 
are Gloire de Lorraine, President Carnot, Winter 
Cheer, Metallioa, and Semj^rflorens, while of the 
fine f^iage sorts the varieties oi Begonia Rex are 
mostly sought after. Average market price, lOS. 
per dozen in pots. 


DWARF SUNFLOWER 
(Helianthus multi floru») 
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Calceolaria aad Cmmellia. TheBhrnbby 
neotion of calceolaria tified for* bedding out lu^ 
already been dealt with, but the herbaceous 
varieties are equally important, as they include 
mai^ choice new hybrids lor specimen and 
exhibition purjMses. They must be sown one 
summer to Uoom the next, in very finely 
powdered loam and sand, moistening the soil 
first and sprinkling the seed very finely over the 
surface^ The box, or pan, in which Uie seed is 
sown must then be covered with a sheet of glass, 
and put in a moist comer of the house. As soon as 
the plants are large enough to he handled they must 
be transferred to “ thumb ’* TOts, and afterwards 
to those of larger size, in which they are to bloom. 
As herbaceous calceolarias like moist and shade 
core should be taken to shield them from the direct 
rays of the sun. Pi;actically every nurseryman of 
any note has his own choice list of hybrid calceo- 
larias, of all sorts of colours and markmgs. 

By far the best way to ^ow the camellia 
is in a tub. Although essentially a greenhouse 
plant, it can be moved out of doors the summer 
after it has done fiowering, and its home in the 
greenhouse occupied for a few months by something 
else. The best time of the 
year to start camellia culture 
IS in August, when the plants 
should Im repotted, in a mix- 
ture of loam with a little peat. 

In the case of the camellia, 
repotting does not necessarily 
mean putting into a larger ^K>t, 
for it is one of those thin^ 
which seem to do best with- 
out too much root room. The 
plants should be brought in- 
doors in October, and given an 
occasional weak dose of liquid 
manure, and they aill flower 
from the end of jJoveml^er on- 
wards. The well-known white 
camellia is called Alba Pleno, 
and is the easiest of all to grow. 

The best ranks are Lady Hume's 
Blush and Beauty of Waltham ; 
of the reds, C. M. Hovey and 
Bonckelaari. Although there 
is a huge demand for market 
camellias it is not a very 
paying br^ch of horticulture, 
as the prices run low. From 


STXPBANOTIS 
The sweetest-scented .llower of the greenhouse 


Is, to Is. fid., per 
box of two dozen blooms is the average (nice. 

Cinerarias are pretty decorative plants of many 
hues and colours, and arc best raised fresh from seed 
every year. This seed may be started in a cool 
frame in light, sandy soil in the month of May, 
and the seedlinga transferred to ** thumb ” pots as 
soon as they are. large enough to handle, repotting 
them once more as required. As soon as the first 
sign of frost makes its appearance they must be 
transferred to the greenhouse, but not the hottest 
part, as they are satisfied with quite a moderate 
tempera^re. They will bloom from Christmas 
until quite late in the spring. There is generally a 
g(^ demand for them at Covent Garden during the 
winter months, their chief use apparently being to 
stand on the dining-tables of hotels, a purpose for 
which they are well adapted, as they fast In bloom 
a long time. 

Greenhouse Flowers, In the 

south and west of England, the hydrangea is 
wdy, but it is generally grow'n as a greenhouse 
plant. In its txipnlar form, and tlie one in which 


it is always s^ oh the market, it is a one-stem 
plant with a hig bead of bloom. These plants are 
obtained by taking the stout shoots of old ptaats 
and treati^ them as cuttings, in any ordinary 
potting soil, when they strike readily and make 
rapid growth. The natural colour of the flowers 
is pink, but they may be induced to show blue 
blossoms by soa&i^ the soil with alum water, or 
growing them in soil In which there is naturally a 
good deal of iron. limited market demandat lOs. 
to 158. per dozen. 

The heaths [ 24 ] are best grown in a mixture of peat 
and silver sand. They axe useful fox table decora- 
tion in winter, and are not difficult of culture if 
kept liberally watered and well drained. The most 
popular sorts for greenhouse culture are Gracilis, 
Hyemalis, and Ventrioosa. There is a constant 
market demand for them, as, in the hands of an 
ainatenr, they usually bloom to die, and, in the 
winter j^ants in 5-in. pots m^ realise anything 
from Os. to 208. per dozen. There are over 500 
sorts, mostly differing but slightly. 

Primulas, Caraatloisa and Chtraan* 
tbamuma. The seed of the hybrid Qiinese 
primulas should be sown in June in well sifted 
soil composed of loam and leaf 
mould, and treated in the 
manner described for calceolaria, 
taknig care to keep them in the 
dark until the seea germinates. 
Their final potting should be 
into a 5- in. pot, and they will 
bloom from November until 
sping. The flowers are all 
shades of white, red, blue, 
magenta, and pink. A branch 
of the family much prown is 
Primula obeonica^ but it should 
never be handled except in 
gloves, as it is prone to set up 
an irritating sk^ disease. 

Hardy flowers cultivated in 
the greenhouse include the 
carnation and chrysanthemum. 
Their culture is practically 
the same as that recom- 
mended for out of doors. 
The variety of carnation for 
greenhouse culture is known 
as the tree oamation. It 
may be had in flower in either 
autumn, winter, or spring, according to the time 
the cuttings are taken, hence it is easy to arrange 
for a sucoession of bloom. Cut flowers of winter 
carnations fetch anything from Is. to 2b. fid. per 
dozen. For market purposes, chrysanthemums 
realise 38. to 48. per dozen bunches, of about two 
dozen blooms each, but the large specimen ohry- 
santhemums are marketed at anything from 28. to 
5s. per dozen blooms. 

The Ferns of the Greenhouse. Most 
of the maidenhair ferns thrive well hi greenhouse 
temperature, especially the popular variety AdianHm 
euneatum. Large quantities of maidenhair ferns 
are grown for market purposm, chiefly by division 
in spring, or from spores, but they ncM special 
houses for their culture if they are to be profitable ; 
this particularly applies to the small maidenhair 
ferns which are frequently to be seen hawked about 
the streets in “ thumb ** pots, and for which the 
market price is about Is. per dozen. 

The peculiarity bf the nare's-foot fern (Davallia) 
is the curious, brown creeping sthms which lie on 
the surface of the soil, and give rise to popular 




ladies’ slipper orchid 
Oypripedium 


name. The feme are well suited for a small neen- 
house rookery, as they are shallow rooting things, 
and may be well grown in peat and moss. One of 
the varieties, Manesi, comes into this countrv in 
large quantities from Japan, rolled up in the form 
of balls, and twisted on wire into the shape of trofjm, 
monkeys, and other curious devices. These are the 
weU-lmown ** Japanese fern balls,” and, given gentle 
heat, and plenty of moisture, soon cover themselves 
with men shoots. They are useful as novelties, 
but owerwise are of little horticultural value. 

The following ferns are also well adapted for 
greenhouse culture : Asplenium hvl- 
biferum, Lastrea patens, Nephrodium 
molk, Polypodium aureum, Pteris 
o/rgytaea, amd P. tremvla. The same 
methods may be applied to almost 
eve^ fern that requires the aid of 
arti&iaj heat to bring it to perfec- 
tion. A general mixture of loam, 
leaf mould, and sand should be 
employed, and the mixture carefully 
gone over to see that it is not lumpy. 

Repotting young ferns, or the 
separation of the roots of old ones, 
should be done towards the latter 
end of March, care being taken 
that at no time are they subjected 
to the full rays of the sun. Moisture 
should be given in plenty, but the 
pots or brackets in which the ferns 
are ^own should be provided with 
sufficient drainage to allow the water 
to clear away easily, as stagnant ^ 

moisture at the roots is fatal to them. The majority 
of ferns may be mopagated from the spores, found on 
the imder side of the leaves. When these cases begin 
to burst the frond should be cut off and carefmly 
wrapned away in clean paper. In the course of a 
few nays, the remainder of the spore cases will 
have burst, and a very fine dust will have come out 
of them. This dust should be carefully spread 
very thinly on the top of a shallow pan or box, 
containing plenty of drainage and a mixture of 
loam, sand, and a little peat. The pan should be 
gently moistened and covered 
with a sheet of glass, and, in 
the course of six weeks or so, 
if the moistening has been 
regularly attends to, what 
appears to be a covering of 
young green moss will wow 
itself on the surface of the soil. 

This moss is simply a huge 
collection of tiny ferns, and 
may be pricked off as soon as it . 
can be handled into other boxes 
or small pots to develop. 

The Care of the Hot- 
house. The hothouse, which 

is also known as the ” stove,” gg, oattlbya orchids 

is used for preserving and 

g rowing all the choicest exotics which come to us 
rom the tropics. Though the maintenance of a 
row of tropical houses is an essential feature of 
large establishments it is often overdone in gardens 
of moderate size, for, with the exception of the 
orchids, the flowers of the “stove” are not of groat 
importwoe so far as their beauty is concerned. 

The remarks on the care of a greenhouse given 
above, apply equally to the hothouse, except so far 
as temperature is concerned. The hothouse should 
never be allowed to fall below 60” in the winter, 
and though much leas heat than js usually thought 



necessary will be required in the summer, the ther- 
mometer should never fall below 70” at this period. 
Most exotics are moisture loving plants, and the 
use of hot-water pipes has a tendency to dry the 
atmosphere. Moisture must, therefore, be artificially 
supplied, either bv fitting shallow troughs filled 
with water over the pipes, or else by liberally 
S3rringing the floor and wooden stages with water 
at frequent intervals. 

Popular Inhabitants of the Hothouse. 

The Amazon lily (Eucharis) is a beautiful white 
lily like flower, the plants bearing it attaining a 
height of about 18 in. The flowers 
are deliciously fragrant, and, as 
there is always a huge demand for 
them for bouquets and wreaths, . 
they are well worth growing for 
market purposes, especially as they 
can be made to flower practically 
all the year round. They are grown 
from bulbs, which should be potted 
up in a mixture of loam and leaf 
mould, one bulb to a 5-in. pot. As 
they will not bear repotting fre- 
quently, the nourishment which 
they would have found in fresh soil 
must be applied by doses of liquid 
manure. Under this treatment they 
will yield two or three crops a year, 
and the averam price of the flowers 
is about 3s. a dozen. 

Though not grown to any large 
extent in private places, there is 
an enormous demand for gardenias 
as cut blooms, both for cheap buttonholes, and also 
for funeral wreaths. The gardenia is a small bush 
about 18 in. in height hay mg very deep glossy 
green leaves, and white flowere with rather a sickly 
perfume. If potted up in the ordinary mixture 
of loam and leaf mould with a little red sand, 
and given plenty of heat and moisture during spring 
and early summer, they will flower freely through 
autumn and winter, or they may be had at practi- 
cally any time by checking the growth. Cuttings 
stuck into sandy soil in spring root freely, and soon 
bear flowers, and this is the 
method generally adopted by 
market growers. The average 
price of the cut blooms is Is. 
a dozen. 

Stephanotis [26] is the most 
widely grown of all the climb- 
ing plants in the hothouse. It 
h^ white waxy-like flowers of 
great fragrance, and is best 
grown in pots plunged into 
the border, or on a staging, 
as, if the roots are allowed too 
much room, the plants run to 
leaf instead of flow’er. The 
ordinary potting mixture suits 
it admirably, and it is in- 
creased from cuttings in the spring. 

Ferns in the Hothouee. To avoid repeti- 
tion, the reader is referred to the ferns of the creen- 
house which have been dealt with above for details 
of culture, these details being equally applicable 
to the hothouse, the- great difference between 
greenhouse and hothouse ferns being the natural one 
of temperature. It is more important than ever, 
however, that in the hothouse the ferns should be 
well shaded and kept moist — accidental exposure to 
bright sunshine, esproially if the atmosphere happens 
to be a little dry, will wither them up and kill tnem 
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"mlmoBt'hnmedmt^ The following ims are most 
^ useful ior stovo onltivation^ andT as they have 
no English names, it is necessary to set forth 
their l^tin ones in order that the {dants may be 
readily procnrable : Adiantisim eaudaiunh A, 
Iafieytn9t, A9jitni%m fcimotum^ A. lohgmimwni^ 
Me/t^nwm brnsifteiMe, DavaUia elegana, CfymfUh 
gramma adomdanos^ Lomaria borMna, Pdypodtma 
diwraifoliwmp O.peeUfuUum, and Pteris tricolor. 

Orchids. There is no branch of gardening 
which has b^ made more bewildering, and more 
difSonlt to understand for the young horticulturist, 
than orchid growing. This is in a mat measure due 
to tibe fact that new hybrids, tne differences in 
which are indistinguishaole even to experts, are 
4 being introduced every day. It is appalling to think 
that at the jffesent time there are over 4,000 
varieties of orchids, many boasting Latin names 
of six words in len^, ranging from the Odouto- 
glossiim, for which 1,150 guineas was paid in London 
in March, 1900, down to the Cniogyna crtsfoto, 
procurable for a shilling or 
two. A general knowl^ge of 
the requirements of the varie- 
ties of the great families of 
orchids is, however, all that 
the young gardener can reason- 
ably be expected to poss^. 

When orchids first arrive in 
this country from abroad 
they are naturally in a very 
dry, shrivelled condition, and 
can have no better treatment 
than that recommended by Mr. 

W. H. White, F.R.H.S., in his 
excellent work, “ The Book of 
Orchids.” “ The plants should, 
within a few days aft^ their 
airival, be suspended head 
downwards in an intermediate 
temperature in a shady part 
of the house, and be slightly 
syringed at least once a day. 

In a very short time the leaves 
aill have assumed their natural 
colour, and the stems and old 
root stumps will commence 
to emit their new succulent 
roots. Immediately this is 
observed the plants should be 
taken down and placed in an 
small pots as possible, using 
the crooks for jetting, so as to come up almost to 
the edge of the pot, covering the whole with good 
living sphagnum moss, and pressing it down 
moderately mm.” 

The Most Important Genera of 
Orchida. The Calanthes are winter flowering 
orchids, the different varieties of which will give a 
succession of bloom for at least thr^ months. They 
are grown In pots, hall filled with drainage, this 
being covered with a piece of turf, grass downwmds, 
and the pot filled with loam, sphagnum moss,* and 
silver sand. A little water should be given to the 
bulbs until the foliage begins to make its appearance, 
but as the plant grows the quantity should be in- 
creased until a copious supply is found needful. 
This quantity should bo gradually decreased as 
the foliage dies down, and the flowers make their 
appearance. After flowering they should be given 
rest for a month or two, and the bulbs repotted 
again in the spring. Some of the Calanthes do not 
lose their foliage in winter. 


Among the hu!geat flowered omhids am Gatitleyas 
[281,' purple in one of its mai^ shades* being the 
predominating colour* Many of them will thrive in 
the coolest of the hothouse, and they can be 
^wn by planting the pseuSo-bulbs in pots, half 
fiUed with onanage as recommended for the Colanthe 
Mid the remainder a mixture of leaf mould or peat 
and mosa. In their youngest stams they like shade, 
but as they progress they should be brought into 
full light and air. After blooming they should be 
given very little water during the time they 
resting. Very closely allied to the OattleyaB are 
the L^as, the culture of which is similar in every 
way, and there are many hybrids between the two 
families, known as Lssuo-Oattleyas. There is a 
good market demand for Cattleyas. This demand 
flnctuates a good deal, and the prices change also, 
but rix shillings a dozen blooms is quite an ordinary 
figure — ^they sometimes fetch double that price. 

One of the easiest grown orchids is Coeiog 3 me, a 
variety of which, Cristata, with pure white flowers, 
is the most useful orchid that 
can be grown in a small house, 
or where space is limited, as 
the flowers are borne so abun- 
dantly. The orthodox orchid 
potting mixture of peat and 
moss suits the Ooalogynes ad- 
mirably, and the practice re- 
commended for the Calanthes, 
of gradually increasing the 
quantity of water as the plant 
^ows, ^d decreasing it after- 
wards, should be carried out. 

Cyprtpediums are more fami- 
liarly known as The Lady's 
Slipper Orchids ” [27], on ac- 
count of the peculiar pouch 
which is a prominent feature 
of the flowers. They are a 
popular buttonhole flower, and 
is hardly a monlfti of the 
3 ^ar when one or other of the 
varieties cannot, be had in 
flower. The mixture of soil 
already recommended suite 
them, and they like one of 
the hottest comers in the 
bouse, protection from the 
direct rays of the sun, and 
plenty of water all the year 
round. Care must bo taken 
with the drainage of the pots, however, in order that 
the water does not remain stagnant about the roots 
of the orchid, for this is fatal. They usually fetch 
about 3 b. or 4 b. per dozen blooms in the market. 

Although the (Montoglossum numbers among its 
varieties the most expensive kinds, there are plenty 
of others quite within the reach of the very smallest 
grower of orchids. They may be given the coolest 
comer of the house ; in iaci, some of them — notably 
Oispum — will flower in the greenhouse. 

' An orchid family most remarkable for its long 
sprays of flowers, which, in the majority of cases, 
hang downwards, in graceful showers, is Oncidium. 
Oncidiums will mrow almost as readily in ordinary 
well-decayed leaf mould as in the orchid mixture. 

Members of the following families of orchids are 
the others most generally met with in large collec- 
tions, and the broad rules of culture laid down will 
be found sufficient in most instances : Cymbidiuin, 
E^dendrum,Habenaria, Lyoaste, Mas<levBllia, Maxtl- 
lana, Miltonia, Phalaniopsis, Stanhopea, and Vanda. 
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CAN THE MIND KNOW ITSELF? 

'Group 3 

PHILOSOPHY 

The Eternal Question— What Are We ? Relation Betw^n Mind and 

8 

Body. Does the Mind Influence the Body or the Body the Mind ? 

C(nitlQa«<l from page 
0470 


By Dr. C. W. SALEEBY 


PRAGMATISM amounts to this in practice, 
* that you are to make up your mind as 
to what you want in the way of a creed, and 
see that you get it. Whatever you want to 
believe, whatever suits you to l^lieve, that 
is tru^ for you, proving its truth by its suit- 
ability. Quite evidently this involves the 
utter destruction of the idea of truth at all. 
Absolutely opposed beliefs may suit one man 
and his neighbour respectively, and each is, 
therefore, on the pragmatic principle, true or 
as true as may be. '' But they cannot both be 
true,** says the smallest child — thus showing how 
deep the belief in the consistent One is planted 
in the constitution of mankind — and the prag- 
matist in his heart of hearts agrees with the child. 

The E^ence and Humour of Prag- 
matiam. If only the pragmatic argument could 
be confined just to those beliefs which we want to 
have established ! But unfortunately it cuts both 
ways, and the praraatic argument which you 
adauce as the final warrant for your belief is 
precisely applicable to the case of your neighbour 
who finds ^at the negation of that belief is 
what suits him. Thus white is white if you like 
to think it white, but of course, if you so prefer, 
black is white — “ if you do not see what you w'ant 
in the window, please step inside,” we will find 
something to suit your measure. Here verily is 
that royal road to learning the existence of which 
old Euclid denied. Truth is now a matter of 
taste. You need not go to seek her, she will 
always come to you. Nothing is either true or 
false, but thinki^ makes it so. That is prag- 
matism. It is quite the best joke in the history 
of philosophy. But at least let us attempt to 
Icam one useful lesson from the pragmatist. Is 
it possible to say what it is that they have con- 
fuasd with truth ? The answer to this is possible. 
That which the pragmatist confuses with truth is 
value. It is perhaps the profoundest conviction 
of the philosopher that, at the last, w^hen all 
secrets are unveiled, the true and the valuable 
wrill be found absolutely to coincide. But let 
him who thinks that they have always coincided 
glance but for a moment at human history and 
see how strangely it contradicts his assumption. 

Mind and Brain. Having paid so much 
attention to the history of criticism in philosophy, 
let us turn to the main philosophic problem as it 
presents itself to us to-day. Someone has said that 
the proper business of philosophy is not to answer 
our questions, but to teach us how to ask them. 
That saying may be applied, peiham, to the case 
of phfiosophy as we see it to-day. Perhaps it has 
answM^ no question since its dawn, but at least 
it is teaching us how to ask our questions, and 
that is amagnificent service to the intellect of Man. 


We have agreed, have we not, that the 
problem of philosophy, with its inevitable 
belief in Oneness or Monism, is to explidn 
the apparent dualism which existence presents 
to us — ^the dualism of mind on the one hand 
and not-mind on the other hand. We have 
traced throughout the generations various 
stages of the attempt to resolve this dualism, 
and we have hinted, perhaps, that both the 
materialists and the idealists may have been 
somewhat too ready to kssume that one or other 
of the terms of the dualism was an ultimate. 
Let us now return to this question, and pose 
it in the form that most clearly states the issue. 
This form is undoubtedly “ Mind and Brain.” 

The Noneense Caueed by Confusing 
Terms, The brain, of course, is a material 
thing which may be seen and handled and 
cut— or, as in the case of the calf, may ev6n 
be eaten. Very few of us, however, can be 
accounted guiltless of the monstrous error of 
speaking of mind and brain as if they were 
interchangeable terms. This absolutely inde- 
fensible confusion of thought leads to such 
ludicrous results as the following, which is taken 
from a recent American author : “ The modem 
scientific definition of mind is that part of the " 
sensorium c^>able of the greatest molecular 
activity.” This unfortunate writer has achieved 
the triumph of superseding the ordinary material- 
istic view" that the mind is a product of the brain, 
by the magnificent fatuity that the mind is 
the brain. Thus, if you find that part of the 
sensory area of the brain which is “ capable of 
the greatest molecular activity,*’ and if you cut 
it thin and put it under the microscope and draw 
what you see, you will have the pleasure of 
cutting and drawing a piece of mind itself ; 
or, if you desire your intelligence to develop, 
you might eat it, for what could possibly serve 
your purpose better than a diet of mind itself, 
unless, of course, mind happens to be tough and 
indigestible ? 

This i&.the sort of nonsense that follows from 
the use m the words mind and brain, as if they 
were one and the same thing. It is one more 
illustration of the manner in which we are 
deceived by language. 

If We Could See the Brain. Here 
is the place to quote one celebrated ar^ment 
of which those who think that the mind is the 
brain are apparently ignorant — an argument 
which, simple though it be, is seen to more 
and more significant the more we think about it. 
We may quote it from Professor Mitchell, of 
Adelaide, the most recent writer on the subject. 

Adapting an old illustration, let us suppose 
that we h^ the means of so magni^ng 
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^ t)rain— each examining hk own brain in a 
; laiirror» if you Hke--that ita minute stmctiife^ 
'and every movement in it, became visible. We 
i are assuming that the effects of a stimulus upon it 
would be seen as a continuous series of j^ysical 
changes in which the total energy is accounts for 
at every point by the work done (including the 
potential energy of new structural arrangements) 
and heat. At some point in the series, where 
the cerebral cortex is involved, we should see the 
, various actions on which the course of feeling 

* depends. We should not see the feelings ; they 
would be something of which we had no sensation, 
something over and above the ph3mical process. 

. If the brain we examined were another’s, we 
could only know of his feeling, say of red, from 
himself ; Jf it were our brain, we should at thQ 
same time have the feeling of red, aind see its 
immediate physical correlate, but our feeling of 
red we should not see.” . 

A Monstroua Doctrine. This is surely 
clear enough. The only explanation of the 
fact that any contemporary writer should 
think that the mind is the brain must be an 
ignorance of the literature of the subject so 
great as to make this argument unknown 
to him. The argument shows that even the 
simplest of psychical facts, a mere uncom- 
plicated colour s^isation, cannot possibly be 
explain^ away in terms of the physical; it 
would still remain unreckoned with, even if we 
could watch every movement of the atomic 
dance within our heads. If this be so of a inere 
sensation, what shall we say of such a psychical 
fact as self-consciousness ? How much the more 
monstrous must not the doctrine be which 
involves the proposition that my recognition of 
myself is the movement of atoms within my brain ! 

It is worth while to hold clearly to the 
distinction between the nervous system, or 
the brain, and the rest of the body, never 
losing sight of the fact that the brain is a 
material thing, as is the rest of the body. 
The initial recognition of this bodily division 
is all-important because of its bearing upon 
the theory of interaction between the psychical 
and the physical. There are innumerable cases 
familiar to all of us which seem to illustrate 
this interaction — as, for instance, when depres- 
sion cau-ses dyspepsia or dyspepsia causes de- 

* pression. These are instances of the action 
of the mind upon the body or the body up<m 
the mind, and unless they are more closely 
examined, they lead us to the apparently 
simple, but actually inconceivable, l^lief in 
causal interaction between the physical and the 
psychical. If, however, we insert this concep- 
tion of the body as divided into brain and not- 
brain, we can express such instances in reasonable 
language. We then find that they are all within 
the realm of the physical. 

The Relation between Mind and 
Brain. Let us take it that our problem may be 
confined to the brain and the mind. This physical 
brain may have been in many ways momfied by 
physical causes without it. We fully recpspoise 
the action of such physical causes, but we nave 
also to recognise that this demonstration ot the 
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action of the^ibyaioalttp^ idijpaioal te^ us 
nothing as to s^ether the physici^l can aict upon 
thepsychicaL 

Now let us addiesB^ ouii|e)yes with minds tm- 
deceived to the question of the relaticm between 
mind and brain. ' And here, fortimatel^, it is 
possible to state the various theories m self- 
explanatoxT langua^ What arc the oonoeivable 
relations of the psy^oal and the pl^ysioal ? Well, 
in the first pla^, there is the xmation of inter- 
action, and that is, properly enough, expressed 
by the phrase Psyt^physicial interaction. Over 
and against this phrase we may set another, 
which is of extreme importanco in current 
philosophy, and is known as the theory of 
Psycho-jphyekal 'paraUeliem, Now we must at- 
tempt to discuss the arguments exisressed bv 
these two phrases. Obviously, we must begin with 
psycho-physical interaction, one form or other of 
which has been believed by the vast majority of 
men ever since men began to think at aU. Our 
previous discussion must already have made it 
quite clear to us that if there be any interaction 
it may act in either or both of two ways. 

The Three Theories -of Mind and 
Body. On the one hand, there may be 
interaction from the physical to the psychical — 
physical causes pr^ucing psychical effects. 
That, of course, is the view of uncritical 
common-sense, and it is the basis of all forms 
of materialism. On the other hand, there is 
that theory of interaction which asserts that 
psychical effects can produce ph3nBical causes, 
08 expressed by our olci friend, the phrase about 
the influence of the mind upon the body.” 
And, thirdly, of course, we may boldly brush aside 
the ^fficulties involv^ in each of tnese concep- 
tions, and declare- that interaction in both 
directions b possible. The mind can produce 

E hysical or brain changes, and changes in the 
rain can produce mental or psychical changes. 
This is all veiy well so far, perhaps, but philo- 
sophy, profoundly distrustful of the onexamined 
opinions of common-sense, begins to ask iixcon- 
venient questions, and these are based upon that 
fundamental idea which we call the idea of causa- 
tion. Can wereally conceive at all, asks philosophy, 
that a sequence of material events should cause 
another sequence of events which belong to the 
psychical ? That is what materialism asserts, 
and yet we find that the most thoughtful of the 
so-called materialists avow the absolute impossi- 
bility of accepting such an idea. Our oanceptiou 
of causation fails us. In a sense we can under- 
stand how a billiard ball may push another 
billiard ball, or an atom another atom, but the 
passage over from the oollision of atoms within 
the brain to the psychical we oaxmot bridge. 

ProfeMor Tyndairs Incomprahena* 
iblea. There is a classical passage from Pro- 
fessor Tyndall which expresses this difficulty in 
the clearest and most authoritative manner. In 
allusion to the conaciema aiUonuUon theory of 
Huxley, which we briefly stated in the course on 
Psychology, Tyndall wrote : 

” Do states of consciousness enter as links into 
the chain of antecedence and sequence, which 
gives rise to bodily actions, and to other states of 



ccnifptpiianm ; or ai«' ihey meteLy hy-producU^ 
whioh fate not eeusential to uie physical xxrooessee 
going on in tiie brain ? Speaki^ for m^lf, it is 
certain that I have no power of imagining 
states of consciousness, interposed between the 
mokoules of the brain, and influencing the 
taransference of. motion among the mol^ules. 
ihe thought * eludes all mental presentation,* and 
hence the seems of iron strength which 
claims for the brain an automatic action, uninflu- 
enoed by states of consciousness. But it is, I 
believe, admitted by those who hold the auto- 
mat(m theory that states of consciousness are 
produced by the marshalling of the molecules of 
the brain, and this production of consciousness 
bv molecular motion is to me quite as inconceiv- 
able cm mechanical principles as the production of 
molecular motion by ccmsciousness. If, therefore, 
I reject one result, I must reject both. I, how- 
ever, reject neither, and thus stand in the pres- 
ence of two Inoomprehensibles instead of one 
Incomprehensible. ... I bow my head in 
the dust before that mystery of mind which has 
hitherto defied its own penetrative power, and 
which may ultimately resolve itself into a demon- 
strable impossibility of self-penetration.** 

Materialiam Refuted by Phyalca. 
This passage may well be submitted by the 
serious student to the callow writers who 
can swallow whole the ordinary materiabstic 
belief without beginning to recognise how 
monstrous it is. Tyndall had every kind of 
motive to induce him to accept the materialistic 
hypothesis. It is not merely that he had freed 
himself from bias against it, but that all his 
bias was for it. He was, of course, one of the 
greatest physicists of the most wonderful 
century in the history of physics. When he 
declares that the prcmuction of ccmsciousness 
by molecular motion is to him inconceivable 
on mechanical principles,** the assertion is that 
of one who really understands mechanical 
principles. 

Nor must it be for a moment thought that 
this declaration was some personal eccentricity 
of Professor Tyndall’s. On' the contrary, it is 
the inevitable conclusion to which physical 
science is forced. These questions are often 
discussed by people such as Vogt, who depend 
for their scientific information entirely upon 
hearsay. Such an imbecile assertion as that the 
brain secretes thought as the liver seoretes bile 
could only be made by one from whom the 
principles of the ph3rBical sciences were utterly 
bidden. 

MateHallam Inconcelwable on Me- 
chanical Principles. Mind, whatever it 
is, is demonstrably no form of physical ener^ — 
as we have seen. If it were produced in 
the course of physico • chemical changes in 
the brain and as me effect of those changes, 
then ail the physicists’ ccmceptions of energy 
and its conservatimi would bo invalidate. 
The physics and chemistry of the brain con- 
stitute a complete system in which .the laws 
of the conservation and transformation of 
energy are observed just as they are in a test 
tube. That may not yet be a fully demon- 
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strati fact, but every materialist is boimd 
by his own hypothesis to believe it. But this 
belief as such mvolves and necessitates a denial 
of the asserticm that anything more than physico- 
* chemical effects are pomuc^; else somethuig 
is being made out of nothi^ and we ture talking 
babble. The materialistic theoiy of mind, 
which asserts that, thou^ the imysioal series 
is complete and closed wkhm iteeu, yet mind 
is produced by it, is ** inconceivable on mechon- ^ 
icid principles.” 

Mind and Body Interaction Incon- 
ceivable. Equally inconceivable is the produc- 
tion of molecular motion by consciousness, as 
suggested by the common pmrase the influence 
of tee mind upon tee body.” This sugg^ts tee 
incursion of something from without into the 
physical series of transformations of energy. 
jSither this something from without does nothing 
at all or else it must disobey the law of tee 
conservation of energy. It must either create 
energy or destroy it — which every materialist, 
like every other student of tee physicid sciences, 
is bound to deny. 

Thus, every form of the theory of psycho- 
ph3^ical interaction is incompatible with the law 
of the conservation of energy. That and that 
alone is a fatal argument against any such 
theory. 

The second argument, which has already 
been referred to, is really more fundamental 
still It depends upon that analysis of our 
ideas which shows that we cannot really conceive 
of such interaction. True, we may think that 
we can imagine it, but that is only because of 
the carelessness of our minds. The time has 
not yet come when men will cease to be con- 
tent^ with what Herbert Spencer called 
” pseudo-ideas.” This of psycho-physical inter- 
action in any of its forms is a pseudo-idea. The 
words expressing it can be put together in a 
grammatical form, so as to make a sentence 
which can be par^ and analy^ and which 
sound as if it meant something intelligible. 

False Ideas. Yet if we come to look at it 
more closely, such a sentence contains nothing 
any more conceivable by us than the pseudo-idea 
of a ** moral fluid ” or a ** square thought.” Just 
as we really cannot conceive of tee movement of 
billiard balls or atoms producing consciousness, 
so we cannot conceive tee generation of motion 
in a billiard ball by an idea. We are mistaking 
mere combinations of words for rational concepts. 

” How* can anything impalpable, non-material, 
utterly distinct from anjteing palpable or 
material, be the cause of changes in a material 
thing ? * Which of you by taking thought can 
add a cubit to his stature ? * ” Even if the law 
of tee conservation of energy were not there, 
defying us to assert that mind can create or 
annihilate energy, tee very laws of thought 
forbid us to entertain, except as a mere verbal 
proposition, tee notion of psycho-ph3raical 
mt^aotion. 

A curious comment upon the fallibility of our 
minds is constituted by the fact that there are 
many people who think they can entertain the 
notion of ps3roho-phyBical interaction the 
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phjmical to the psychioal-^that 10 to sax from 
Jorra. to mind — but who quite agree mat the 
noticm of any interacticm in the other direction — 
that is to say, from mind to brain, is unthinkable. 
**They think they have no difficulty in coUf 
ceiving how the rraistribution of a number of 
atoms in the brain can cause the production of 
ideas. But a moment’s consideration will 
dbiow that if the one notion is untenable so is 
the othor. If an atomic collision can cause 
an idea, then an idea can cause an atomic 
collision ; but, as we now see, idea and collision 
axe in different worlds.** 

Eoually curious is the existence of other 
peofm whose opinion is precisely the reverse. 
Uey hold that ** the action of mind on matter 
is the only kind of action or causation that we 
are capable of understandmg.*’ 

The Extreme Theories, Finally, it 
is evident that if we reject as inconceivable 
(and as, even if c<mceivable, contradicted by 
mechanical principles) interaction in either 
direction, we reject still more summarily the 
easygoing views of those who hold that 
interaction between mind and brain in both 
directions is an obvious and commonplace fact. 
But before we pass on to the more modem 
theory of psycho-physical parallelism, we may 
briefly observe how the theories of interaction 
may develop at their two extremes. At the one 
extreme is the solution of idealism, which is 
not merely content to assert an action of mind 
upon matter, but declares that matter is actually 
nothing more than a convenient fiction of the 
mind : “ into the man*s head the whole world* 
goes, including the head itself.’* At the other 
extreme is the notion of Huxley, already referred 
to, which goes one better than the assertion 
that matter can act upon mind, and declares 
that the psychical manifestations which accom- 
pany brain activity are mere accidents. They 
* are somehow thrown off from the brain, like 
sheets from a printing-press, and they are 
barely formed when they jOaa into nothingness, 
being too ephemeral to remain anything at all 
or make a difference to anything else. They 
are likened to words from our mouth, to the 
shadow and to the whistle of a passing train 
and to whatever is incidental and easily dis- 
appears.” (Mitchell, ” Structure and Growth 
of the Mind.” Macmillan, 1907.) 

The Physical and Psychical are 
Parallel. If, then, we are to reject any 
form of the belief in interaction between the 
physical and the p^hical — that is, 'between 
mind and brain — and if we are not to ignore 
the indisputable fact that there is some kind 
of relation between them, there remains onJ^ 
one possible escape from our difficulty — ^if it 
is really an escape — and that must consist in 
the assertion that the relation between psychi- 
cal and brain states is one not of dependence 
nor interdependence but parallelism. ^0 Other 
modes of expressing this theory may be quoted: 

“ ^e two kinds of events or processes in con- 
sciousness form two series that run parallel to one 
anothw, but never meet or interact.” Gr better 
still, sinpe it hints at a philosophic conclusion ; 
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** The physical and tho ps^hiqal are two mpdqs 
in which one series qf real events appears to us, 
and therefore - the two series of appearances run 
parallel to one another.” 

The advantages of this mode of statement are 
that it by no means questions, but on the con- 
tr^ emphasises, the indisputable fact that 
mind and Drain are related ; whilst, on the other 
hand, it avoids the difficulty of pledging us to any 
of those kinds of psycho-ph 3 rsioal interaction 
which, as we have seen, do not admit of rational 
conception at alL 

The Phlloeophic Inference. And now 

it is our business to observe the philosophic 
inference from this which seems to oe the most 
warrantable conclusion of psychological science. 
It is the conclusion which has aheady been hinted 
at. We are not warranted either in regarding 
matter — for instance, the brain — as an ultimate, 
nor yet in regarding mind as an ultimate. Gn 
the contrary, mind and brain — that is to say, mind 
and that particular part of not-mind with which 
it is most commonly associated — are' to be re- 
garded as the correlative and proximate expres- 
sions for us of a Gne Something that lies behind 
them. Gur analysis and recognition of thi> 
proximate dualism involves a monism beyond 
it. Mind and matter are related. We deny 
that there is any interaction between them, 
though we assert an absolute parallelism between 
them. Palpably this leads us to the inevitabls 
conclusion ^at, as has been said before, they are 
the subjective and objective faces of the same 
fact.” That same fact, need we say, must be the 
ultimate reality of which philosophy is the quest. 

Indeed, there can be no more important 
argument for the theory of psycho-physical 
parallelism than the fact that it leacis us 
directly to monism. Materialism and idealism 
led us to monism by denying respectively what 
seems imporaible to deny — mind in one case, 
and matter in the other. 

Our Knowledge of the Eternal. 
Short of these solutions there seemed to be no 
choice but to reject our ideal of monism alto- 
gether, and to rest discontent, with a “ disas- 
trous dualism.” The whole story of existence 
must then be conceived in terms of a constant 
battering and interaction between these two 
irreconcUables. But when further criticism 
leads us to see that this interaction is as incon- 
ceivable as a constant relation is undeniable — 
then we are forced to the conclusion that our 
dualism is only proximate, and that mind and 
matter — or ” mind and brain,” or ” mind and 
not-mind ’* — are like the concavity and the con- 
vexity of a curve, different aspects of one fact. 

And if that one cannot be known and seen face 
to face by us — by us who are so bound that our 
belief in the existence of another’s consciousness 
is only an inference from the material facts of his 
behaviour — ^what may fairly be inferred from our 
knowledge of its mawestations ? We need not 
here concern ourselves with the names under 
which this one has been described by various 
thinkers. The Absolute of HcmI, the Sub- 
stance of Spinoza, the Ineffable of many a poet, 
the Unspeakable of St. Paul, the Unknowable of 



^peiioer^ tto Unbondiiioiied of Hamiltim, tlie 
Nfttoo of the pantheists — all of these correspond 
with an endeavour to express some aspect or other 
under ^whieh this inaccessible yet omnipresent 
eternal presents itself to us. Let us here con* 
template what is in modem bought the noblest 
and most celebrated expr^ion, m a poetic form, 
of the existence of this ultimate. It is taken from 
the lines ** (Composed above Tintem Abbey/^ 
by William Worwworth, then aged 28 : 

“ And I have felt 

A presence that disturbs me with the joy 
Of elevated thoughts ; a sense sublime 
Of something far more deeply interfused. 
Whose dwelung is the light of setting suns. 
And the round ocean and the living air, 

And the blue sky, and in the mind of man ; 

A motion and a spirit, that impels 

All thinking thin^, all objects of all thought, 

And rolls through ^1 things.*’ 

Knowledge Lives— Shall That which 

Knows Die 7 But apart from the more or less 
poetic names given by the philosophers, and from 
the poetic expression of Wordsworth, how much 
are we entitled to set forth as our warrantable 
and rational knowledge of something beyond ? 
At least we are entitled to make what inferences 
we may from our knowledge of its phenomena. 
We have agreed already that it is one and 
consistent. There are not many realities but 
one reality — ^in the last resort not many incom- 
prehensibfes but one incomprehensible. 

Again, all our physical sciences, in their close 
study of phenomena— that is to say, of one aspect 
under which reality expresses itself to us — 
warrant the conclusion that reality is eternal 
and uncreated.” Ceaseless change there may be 
and is — change the best sign of vitality — but 
there is neith^ creation nor annihilation. Hence 
there spring to our minds the words from the 
Athanasian Creed: ” eternal and imcreated,” 
reminding us of the words of the psalmist, 
” from everlasting to everlasting thou art God.” 

Furthermore, this conception of indestructible- 
ness has its immediate bearin|; upon the ques- 
tion of the Hereafter, as to wh^h science knows 
only that she can neither affirm nor deny ; but 
she is bound to listen to the famous question 
asked by Shelley as he mourned the untimely 
death of his friend Keats : 

” Nought, we kno\^, dies. Shall that alone 
which knows 

Be as a sword consumed before the sheath 
By sightless lightning ? ” 

A Mighty Conception. One, eternal, 
uncreated — ^but not intelligent ; such has been 
the amazing conclusion of some. The reality 
which can manifest itself as intelli^nce is 
itself non-intelligent ! Can any more ludicrous 
belief be conceived ? If mind exists at all, 
that in which it lives and moves and has its 
beixig must be at least no less than mind. 
Bather must we incline to the belief that the 
;”inhnite and eternal energy from which all 
t^igs proceed ” ” wells up in ourselves in the 
form of consciousness ” ; piJpably it is monstrous 
Philosophy concluded ; 


to regard reidity as lower'and less than one of its 
own manifestations. Yet there remains the 
highest conception of all, the mightiest thought 
of an all but peerless mind. ” Is it not possible,” 
says Herbert Spencer, ” that there is a mode of 
being as much transcending Intellig^oe and Wfll 
as these transcend mechanical motion ? ” 

Here, perhaps, we have reached the highest of 
the uses of philosophy. Let us summarise the 
forms in which it has worth for us, directing our^ 
summary against certain recognised criticisms. 
These are, in the first place, that philosophy' 
reaches no conclusion. Then, in the second 
place, there is the criticism that philosophy has 
taken away men’s activities from this world in 
which we five — ^which still has need of every fine 
mind and energetic spirit. Lastly, there is 'the 
criticism that even if the answer of philosophy 
were obtainable or obtained, it is not necessary. 
As Goethe hinted, man was born to live his fife 
and not to solve the problems of existence. 

What, then, is our reply to these criticisms ? In^ 
the first place, we may make small points as that 
the study of philosophy helps to train the mind, 
and then we may go on to something more substan- 
tial. We may point out that, even if philosophy 
returns no final and complete answer to the world 
riddle, at least it refutes the shallow conclusions 
of those who think that they have found the 
answer. Now that is a very great service indeed, 
and if the study of philosophy had done nothing 
more, this would have been sufficient to justify it. 

The Service of Philosophy to Religion. 
Without philosophy there would be the gravest 
risk that the common run of scientific students 
should forget the limitations under which they 
work — should imagine that their atoms and 
forces and cells and metabolisms were ultimatee, 
and that their conclusions were final and complete 
instead of being merely proximate, tentative, and 
symbolic. So long as men go on thinking, the 
services of philosophy will be necessary in order 
to remind them that upon merely phenomenal 
knowledge no warrant can be grounded for 
denying the reality of truths that lie beyond the 
grasp of any phenomena. And plainly, these 
services of philosophy, as the necessary critic of 
science, constitute on the other hand, and more 
positively, a service to religion itself. 

Philosophv* also has its constructive side, 
and it is this which comprises its service to 
religion. Have we not seen that there is philo- 
sopmo warrant for certain, at least, of those ideas 
which, \part from philosophy, can be reached by 
f&ith only ? Plainly, if rational support can be 
found, for instance, for such an expression of the 
poet as ” from Everlasting to Everlasting thou 
art God ” — plainly that is a very real service of 
philosophy. No less is the service if, when 
science, so critical, has succeeded in destroying 
certain of our religious conceptions, and there- 
after would persuade us that beyond the visible 
and the transient there is nothing — if, then, 
philosophy should teach us and compel us to 
believe that beyond the visible and the transient, 
behind the mind itself, there is and remains an 
Eternal Power which ” rolls through all tlnngs.” 
oUovfed by Rbliqion , 
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8. SOME DISEASE-FBODUCINQ MICEOBES AS SEEN tH^DEE THE MXOBOSOOPB 
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How Mlcroboa Enter the Bodr* ^ 

erdter ^at a microbe can adversely affect a person, 
H must first of idl get on to or into bis bodv tissues 
act upon them. No germ arises os novo; 
every microbe springs from a pre-existing one. 
The popular idea that a defective drain will cause 
microbM to come into existence is a pure myth ; 
all it does is to provide a suitable nidus for germs, 
already present, to grow and multiply there. A 
microbe may get on to the surface of an individual, 
dn to his skin, by actual transference from the skin 
of another person, by contact or contagion. Once 
on the skin, the microbe must gain farther entrance 
through some scratch or abrasion, in most coses, 
before it can do any harm. (We are not now 
referring to small animal parasites, such as that of 
itcl^ wmch burrow in tne skin, or those which 
attack hair.) The healthy unbroken skin is an 
efll^tive barrier to germs, else we should never be 
safe from their presence. But once the microbe 
has passed this oarrier, many ways are open, all 
of which involve serious results. The germ may 
settle down at the point of entrance, there multiply 
and produce its poison or toxin, which is absorbed 
into the system, and kill the patient without further 
invasion. This occurs 
in tetanus or lock-jaw. 

Or, having passed 
through the skin, the 
germ may pass into 
the blood circulation 
or the lymphatic 
vessels [see Physio- 
logy], and be carried 
with great rapidity to 
every part of the 
body, multiplying as 
it goes and carrying 
the possibility of dis- 
ease and death along 
its path. The organ- 
isms of suppuration 
spread thus, and pro- 
duce abscesses wner- 
ever they settle in 
organs such as the 
liver and kidney, as 
well aes at the point 
where they gained 
their first entrance. 

Other Paths of 
Invasion. Two 
other portals are open 
to the invasion of 
the army of bacteria — the digestive system 
through the mouth, and the respiratory system 
through the nostrils and mouth. Large numl^rs 
of germs are taken into the alimentary tract along 
with food and water, many of which do no harm at 
all ; but many pathogenic ones also enter thus, and 
act either on the stomach or bowels, or gain entrance 
through the mucous membranes of these organs into 
t'le general circulation. Their results will oe found 
mainly in the organs named, or the liver, and later 
on in the general poisoning of the whole system 
from their products. The typhoid bacillus is a case 
in point ; it selects a special portion of the bowel 
for its chief site of operations, there producing the 
ulcers which constitute the great danger of that 
condition. In this case, contaminate food or 
water is the usual carrier of the germ. 

The third great path of invasion is through the 
breathing passages into the lunm. Many microbes 
or their spores Boat about in the atmosphere, and 
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are inhaled during the act of breathing, andsome of 
these air-bome germs are active Ments in the 
production of disease—for example, the bacillus of 
consumption and tihat of wool-sorters* disease. The 
germ of consumption is coughed up by tubercular 
patients and expectorated upon the pavements, 
where, after the moisture of the sputum is 
evaporated, it is left dried, carried about by the 
air, and inhaled. It is for this reason that 
spitting in public plaoes should be and is pro- 
hibited by law. 

The question which at once suggests itself from 
these facts is, How does anyone escape infection, 
since pathogenic germs are apt to attack individuals 
from all these sources ? ** 

How we Escape the AttacKe of 
Microbes* It is quite obvious that were there 
not some means of repelling the attacks of the 
microbes all around us no one would escape infec- 
tion. In other words there must exist in human 
beings some degree of natural resistance to these 
attacks, a resistance which is bom with the in- 
dividual, without which he could not live. And 
this is actually the caae. This resistance is termed 
n(U{iral immunity or innate immunity, because 
it is inborn. The 
phrase introduces us 
to one of the most 
important words in 
the whole of natural 
science, the word 
immunity. This word 
must be clearly under- 
stood if we would 
understand life itself 
in any way. Immunity 
is the key which un- 
locks almost all the 
important problems 
which a man has to 
settle for himself in 
every sphere, be it 
physical, mental, 
moral, or religious. 
It is, or should be, 
his aim in life to be- 
come immune to all 
agencies of -whatever 
nature which threaten 
his existence or his 
perfect development 
in any of these spheres. 
There is nothing of so 
great importance. The 
most perfect character ever known in the history 
of the world was so in virtue of His immunity to 
sin. The healthiest man that lives is so in virtue 
of his immunity to disease. We must, therefore, 
carefully define the term, and thoroughly grasp its 
meaning. 

What ia Immunity ? It will conduce to 
simplicity If we consider immunity first of all 
simply from the point of view of disease, carefully 
remembering that this is but one phase of a general 
principle. From this aspect we may define it thus : 
Immunity is that condition of an individual, an 
organ, or a tissue, in virtue of which infection can 
be partially or absolutely resisted. I^et that 
definition l>e read several times and let the reader 
ponder it carefully, grasping its full significance 
cefore proceeding with the consideration of this 
vital matter. Immunity is that condition of 
ourselves which enables us td keep free from infec- 
tion, either entirely free or eomparatively so. In 


otlmr wtMf di it enables ue to resist attack. Without 
it all would become infectdd and none could resist 
wHm attacked. Lite would be impossible, for 
life itself is the sum total of our immunities. In the 
sphere of disease, total immunity means complete 
insusceptibility to a given disease, whether under 
natural ccmditions or from artificial inoculation. 
Immunity from disease is therefore the great aim 
of modem scientific medicine. If not possessed 
naturally, the next best thing is to acquire it 
artificially in some way, which we shall consider in 
a moment. For the present wo are concerned with 
natural resistanoe. 

Eacampleaof Natural Immunity. Many 
examples of natural resistance to disease occur in 
man and the lower animals. Thus, human beings 
ore immune from a disease which attacks pigs — 
namely, swine fever. They arO naturally so 
immune simply because they are human beings. 
On the other hj^d the lower animals are absoluMy 
immune £rom some diseases to which man is sus* 
ceptible, such as typhoid fever and Asiatic cholera, 
neither of which attack animals under natural 
conditions. This does not mean that when the 
organisms of these 
respective diseases are 
introduced into the 
body artificially, no 
ill effects follow. It 
means that the cha- 
racteristic 83rmptom8 
and changes associated 
with the diseases in 
question do not 
appear. 

Nattual immunity, 
therefore, varies with 
the species of animal 
under consideration ; 
some species are im- 
mune from one infec- 
tion, some* from 
another. It also 
varies with different 
races of the same 
species. Thus, the 
various races of hu- 
man beings, white and 
black, exhibit varying 
degrees of immunity 
from and susceptibility to the same diseases. So 
in the lower animals, such as sheep, the different 
breeds of whioh show varying degrees of resistanoe. 

This natural, innate, or inimm immunity depends 
upon the power of certain cells and tissues and 
secretions in the body to overcome and destroy 
microbes which may gain entrance to the body. 

As a matter of fact the tissues in the body have 
mat power of destroying microbes during life. 
Katural immunity is therefore ohiefly the power 
of resisting infection. 

Natural Destruction of Bacteria. 

Two factors are mainly responsible for the natural 
destruotion of living germs within the living body. 
The first is the action of certain body cells whioh 
attack germs; the seotmd is the power of the 
blood serum to destroy them likewise. The cells 
whioh operate in this manner are called phago- 
cytes (cell-eaters). Most of our knowledge con- 
cerning these is due to the splendid work of the 
famous pathologist Metohnikoff. He noticed that 
it was a very common property of animal cells that 
thev could MO up small portimes into their interior 
and destroy them by d^^estion. On this fact he 


based his theory of phagoeytoeiSf whioh implies 
that certain body cells thus take up and digest the 
germs of disease. The cells in the human body 
whioh do this are the leuoocvtes in the blood [see 
Physiology], and certain oells such as endothelium 
and those of connective tissue. The niore active 
these phagocytes the ^ater the degree of immunify 
posses^ hy the individual, and vice versa. When 
germs enter the body they seem to attract the 
leucocytes towards them, and the greater this 
attraction the better for the animal, l)ecause the 
greater the destruction of the bacteria. 

Secondly, it has also been, shown that ordinary 
blood serum possesses the power of destroying 
various germs, and upon this fact is based the 
recent serum treatment of diseeuie, in which the 
serum is made to acquire this power artificially 
against sp^ial diseases. 

Acquired Immunity. In additioji to this 
inborn or natural immunity which we have con- 
sidered there is a second kind or type, which the 
individual acquires during his lifetime. Physicians 
have long known that certain diseases confer ux>on 
the individual who recovers from their attacks au 
absolute immunity 
from further attack 
for a longer or shorter 
period, in some cases 
for years, sometimes 
practically for a life- 
time. Now, this im- 
munity is something 
which the patient did 
not poss'^SH before. It 
is something new, ac- 
quired, and hence is 
acquired immu - . 
nity, 'We see examples 
of this acquirement 
every day. It is ob- 
served in those who 
have suffered from 
smallpox, scarlet fever, 
and measles. It is ex- 
treme! y rare that any-' 
one has these diseases 
more than once in; 
their lives. This ac- 
quired immunity is 
not to be looked 
upon as the result of the disease as such: it pro- 
bably depends in some way upon the products of 
the germs whioh are introduced into the system 
during the attack. In fact, by suitable administra- 
tion of the products of bacteria, a very liigh degree 
of this kind of immunity may be conferr^ upon a 
person without his undergoing the disease and 
withoift the occurrence of any symptoms at all. 

This acquired immunity may do obtained in 
various ways. When a x^erson is vaccinated he 
is really inoculated with a modified small-pox 
germ product from the cow. The effects of this 
ox)eration of vaccination are trilling if the voooine 
be piure and the patient healthy, so trifling as to be 
of no account when oomx^ar^ with the terrible 
results of actual 8 mall-xK>x. Nevertheless, we find 
that the result of vaccination is to cause tlie patient 
to acquire a complete immunity from small-pox 
for a number of years. It is less lasting than 
recovery from the disease itself beoauae the virus 
introduced is less potent. 

It is too risky to inoculate from a smali-jj^x 
pustule ; the patient is immune if he recover, out 
he may very easily die. So the vaooine or lymph 
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is weakened or attenuated hy passing it tiirough 
another animal. 

Acquired Immunity Ending Dieeaee* 

** Recovery from an acute mfrotive disease shows 
that in natural conditions the virus may be 
exhausted after a time, the p^od of time vary- 
ing in different diseases. How this is accom- 
plished we do not yet fully know, but it has been 
found in the case of diphtheria, typhoid, cholera, 
pneumonia, etc., that in the course of the disease 
certain substances apx>ear in the blood which are 
antagonistic either to the toxin or to the vital 
activity of the organism. In such cases a process 
of immunisation would appear to be going on 
during the progress of the disease, and when this 
immunisation has reached a certain height, the 
disease naturally comes to an end. It oannott 
however, be said as yet that such antagonistic 
substances are developed in all oases ; and it is 
by no means the case that the degree of immunity 
is always proportional to the amount of these 
substances in the blood.’* (Muir.) 

How Bacteria Cause IMsease. It is 
convenient at this point to note that bacteria 
produc their effects by two distinct modes of 
action. First of all their action may depend upon 
their rapid multiplication in the body after gaining 
entrance, thus causing a rapid distribution of 
themselves throughout the tissues and a general 
infection. When this rapid multiplication occurs 
in the blood, the condition known as aepticamia 
is prod uced. Secondly, their chief effects may 
be due to their own chemical products, not to 
rapid m iltiplication of individual germs. These 
poisonous or harmful products are called toxins. 
^ese diffuse out from the bacterial cells into the 
blood ojr tissues, and produce effects upon the 
various p rts of the bony which are susceptible to 
the action of the special toxin developed. Thus, 
some toxi s produce a high temperature or fever ; 
others depress the action of the heart, causing cardiao 
failure ; otl ers, acting on special parts of nerves, 
cause spasms of muscles, wl^e others act upon the 
tissues in t' eir immediate locality, causing their 
death or necrosis. The results are, therefore, local 
(on the spot), or general (throughout the body). 

What an AntMoain ia. Bearing in mind 
these two methods of. bacterial action, we may now 
return to the question of immunity. We see now 
what it is against which a patient must become 
immune in order to recover from on attack of an 
infective microbic disease. In order to resist 
infection he must be able to destroy, kill, or digest 
the actual germs which gain entrance to the body, 
and prevent their rapid multiplication in the tissues. 
In other words, he must have within him certain 
anti-bacterial or bactericidal (germ-killing) sub- 
stances. These, we have seen, are leucocytes, 
other cells, and serum. But should these fail in 
their efforts to destroy the invading mierdbes ; 
should these latter effect an entrance and begin to 
flourish in the body, producing as they do so their 
powerful toxins, then, in nraer to recover and 
become immime to further attack ftom the same 
source, sometning more is necessarv. Not merely 
do the bacteria require to be killed, but their toxins 
must be neutralised in some way. Indeed, this is 
more important than killing the germs themselves. 
The physical effect of the presence of the microbe is 
trifling in comparison with the result of ih» action 
of the potent chemical toxin which it may |n:oduoe. 
If this latter can be antagonised, the former in many 
oases is of little moment. Any substance whion 
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is capable of nullifying or antagonising the evil 
effects of a toxin is termed an anH^ioxin. If this 
anti-toxin be contained in a serum from an 
animal the whole is termed mkH-toxic serum, such 
as that which is. used in the treatment of diph- 
theria and other microbio diseases whose worst 
action is that of their toxins. 

In acquiriim immunity from a disease as the result 
of recovery from that disease, as in small-pox or 
scarlet fever, the patient obviously manufactures 
for himself during nis Illness his own anti-toxin or 
anti-bacterial substance. Having manufactured it, 
it is available for future use, and protects him against 
further infection from a similar scourge. During 
the process of manufacture, he is more or less 
dangerously ill. It is for this reason that we must 
trust to ai^oial production of immunity in place 
of that conferred by rer overy from disease ; the 
latter is too risky, for the patient may die. Im- 
munity is not so powerful when artificially conferred, 
but it is free from risk, and can be renewed -when 
necessary. Hence it is made illegal to give people 
small-pox by inoculation, on the chance that they 
may recover and become immtme, though this was 
done formerly. We use the artificial method of 
vacoination, which, though not quite so powerful, 
is harmless, and confers ])rotection for some years. 

Treatment by Anti-toalc Serum. All 
that is necessary is to find an animal which is sus- 
ceptible to the action of the germs against which 
it is required to produce or acquire immunity. By 
various methods, the technical nature of which need 
not be disciias^ here, the animal is rendered 
immune artificially. That is to say, by carefully 
increasing the doses of germs the animal is gradually 
brought to such a stage that it can withstand the 
inocmation of a dose which previously would have 
proved fatal. The horse (in the case of diphtheria) 
nas acquired immunity from the diphtheria germ 
and its toxin. Not only so, but it is found that the 
serum of such an animal contains the anti-substances 
ready made, and in such a form that they can be 
transferred from an immunised animal to another. 
The serum is anti-toxic, and it has merely to be 
drawn off and ireserved in a sterile condition to 
be ready for use as an anti-toxic serum. Such a 
substance is a great advance upon such a method 
as vaccination, from one point of view — that 
it can be used as a curative agent immediately. 
Vaccine cannot be so used ; it is a preventive agent. 
From its use the patient is enabled to make his own 
anti-toxin, but he must be free from the disease 
when he does this. Having done it, he is immune 
for years. With the anti-toxic serum, however, the 
doctor can attack a case of diphtheria actually in 
progress, because ho has a weapon which contains 
the substances ready made whion will neutralise the 
diphtheria toxins from which the patient dies. 
On the other hand, though he saves the patient’s 
life, the injection of the serum does not confer 
immunity for long ; it becomes eliminated from the 
body. The one may prevent death after the disease 
is in actual progress, the other prevents infection if 
used before exposure to infection. The future of 
curative and preventive medicine is wrapped up in 
the further elaboration of anti-toxio and anti- 
bacterial remedies, and considering what bacteri- 
ology has accomplished in this direction in a very 
few years, he would be a rash man who would 
venture to set a limit upon its future possibilities. 
Thus it will be realised that in the sphere of disease, 
as in all others, the great aim of man is to become 
immune from deleterious and desfruotive agencies. 
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\ SHORT DICTIONARY OF BACTERIOLOGICAL TERMS 


A tenn appUed to thoM 
organisms which retain stains even 
tliou^ treated by decolourising acid 
solutions. 

lotinomyoosis — A disease most 
common in cattle, especially in the 
Jaws, caused by tlte actinomyces or 
ray fungus. 

Bpobio — A term applied to micru* 
organisms which require oxygen to 
enable them to grow. 

igap’agr AT — A substance prepared from 
the roots of seaweeds, nsw to soli- 
dify the medium in which organisms 
are grown. 

kfffflutlnation — The phenomenon ob« 
served when organisms are placed 
in a serum prepared from an animal 
immunised agamst similar organisms. 

The organisms thus treated are ob- 
served to lose their motility, and 
become aggregated or “ aggluti- 
nated ” into clumps. 

tfffflutinlns — Definite substances in a 
serum, which causes the phenomenon 
of agglutination. 

ilexins — Substances present in normal 
blood serum, which help to confer 
natural resistance to infection. 

Inseroblc — A term applied to organ- 
isms which will not grow in the pre- 
sence of air. 

tnthrax — An infective disease caused 
by the anthrax bacillus ; commu- 
nicable to man, in whom it causes 
woolsorters’ disease of the lungs ; 
malignant pustule in the skin. to di 

tnti-bacterfal Serum— A preparation Gram 
of blood serum from an animal, which ^hic 
is destructive to certain microbes. 

Antitoxic — Having tiie power of an- 
tagonising toxin. 

Intitoxio Serum — A preparation of 
the blood serum from an animal, 
which antagonises the poison or 
** toxin '* of certain microbes (e.g., 
anti-dijphtheritic serum). 

intitoxin — A substance which an- 
tagonises a toxin. 

ittenuatlon — The process by which 
the virulence of a microbe can be 
reduced. 

BACILLUS— Literally a small rod ; a 
term applied to many organisms, 
which are of that shape. 

Bacteria — Literally rods ; but used 
to refer to micro-organisms in general. 

Bactericidal — Having the power of 
destroying bacteria. 

Begffiatoa — A group of organisms com- 
posed of indistinctly articulated 
threads, containing sulphur granules. 

Blood Serum — A nutrient medium in 
which organisms are grown. 

DHBMIOTAXIS— The name applied 
to the attraction or repulsion exercised 
upon bacteria by chemical agents 
(positive and negative chemiotaxis 
respectively). 

Dhromosenlo — A term applied to 
organisms whkh produce pl^ent. 

Cilia^Hinute protoplasmic threads 
attached to the sides or ends of 
organisms, by means of which they 
move. 

Cladothrix — A group of organisms in 
which tliere Is an appearance of 
branching, really due to two terminal 
cells lying side by side. 

71ubs— Blongated, pear-shaped bodies 
seen at the periphery of a colony of 
the actinomycosis parasite. 

Docous — A round organism occurring 
either sihgly. in pairs, in fours, in 
chains, or In bunches. 

Llolony — The tern applied to a number 
of organisms growing together. 

Complement — A substance developed 
during the process of immunisation. 

Culture— 'The name applied to the 
growth of one single species of microbe 
when artificially cultivated. 

Cytolytic SePA-^era which are de- 
structive to cells. 


DIPLOOOOOUS — A coccus occurring 
in pain. 

Disinreotant — Any substance which 
has the power of destroying the life 
of microbes. 

Drying — One method employed to 
weaken the virulence of organisms. 

EHRLICH’S SIDE -OH AIN 
THEORY — The term applied to the 
recent theory advanced by Ehrlich to 
account for the formation of antitoxins 
in the body. 

Enhttmospores — Spores found in the 
blood (as in malaria). 

Exhaltation — The increase of viru- 
lence of microbes ; the converse of 
attenuation." 

Exotospores — Spores occurring in the 
body of the mosquito ; a stage in the 
life cycle of the malaria parasite. 

FACULTATIVE— A term applied 
to organisms which can live either 
with or without oxygen. 

Farcy — A form of glanders, affecting 
Itie Isrmphatic vemels and glands. 

Fever — An abnormal rise of body tem- 
perature, frequently caused by 
microbes or their toxins. 

Fission — A process of multiplication in 
microbes. 

Flagella — Delicate, protoplasmic 
threads [see eilia]. 

OELATIN — A substance used to 
solidify nutrient media. 

Gentian-Violet — A stain much used 
demonstrate microbes. 

_ n*s Method — A process of staining 
which differentiates certain organisms 
from others. 

HAUMAMGERA MALARliC — The 

parasite of quartan fever in man. 

Hsmamosba Vivax— The parasite of 
tertian fever in man. 

Hemolytic Serum — The blood serum 
of one anigial which has the power 
to a certain extent of dissolving the 
red blood corpuscles of another 
animal of different species. 

Hemomenas Precox— The parasite 
of malignant or aestivo-autumnal 
fever of man. 

Hydrophobia — An infectious disease 
occurring chiefiy among carnivora, 
especially in the dog and wolf ; 
transmitted by bite. 

IMMUNE RODIE8— Substances de- 
veloped during the process of immu- 
nisation. 

Immunisation — The process of render- 
ing an animal immune. 

Immunity — That condition of an in- 
dividum. an organ, or a tissue, in vir- 
tue of which it is enabled to resist in- 
fection either absolutely or partially. 
Immunity may be natural or inborn, 
or it may be artificial or acquired. 
According to the means used for 
the production of immunity. It is 
active or passive. Active immunity 
is obtained by injections of organisms 
either attenuated or in sub-lethal 
doses : or, secondly, by injection of 
their products or toxins. .Passive 
immunity is the injection of tne serum 
of one animai, highly immunised by 
active immunity, into another animal, 
the latter being thus rendered 
immune. 

Incubator — An apparatus used to 
cultivate organisms which require 
constant warmth. 

Inoculation — The injection into an 
animal of microbes or toxin by means 
of a hypodermic syringe. Also, a 
means of separating one organism 
from a mixture of organisms. 

LEUOOOYTEE— White blood cor- 
puscles, which act as phagocytes— 
t.s., they have the power of taking 
up microbes into their protoplasm. 

Leucooytoala— An increase in the 
numoM of leucocytes. 

Lyaogonio Action — ^The destructive 
aotl^ of an anti-scrum upon organ- 
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isms. It is due to two substances— the 
immune body and the complement, or 
alexin [see above]. 

MACROPHAGES— Any cells larger 
than the small leucocytes which have 
the power of ingesting bacteria. 

Mallefn — A substance used to diagnose 
glanders, prepared from cultures of 
me glanders bacillus. 

Micrococcus — A general term applied 
to any small round microbe. 

Miprophages — The smaller leucocytes 
which ingest bacteria. 

Myelocytes — Cells in bone marrow 
from which leucocytes develop. 

NITRIFYING RACTERIA^Bacteria 
in the soil which make nitrogen 
more availabie for plant nutrition 
by conversion of ammonia into 
nitrites and nitrates. Others take up 
free nitrogen from air, and combine 
it into compounds. 

OPSONIC INDEX- A meansof stating 
the power of opsonins. The opsonic 
index is the ratio of the bacilli in- 
gested by leucocytes incubated in Uie 
patient’s serum to those ingested by 
an equal number of leucocytes incu- 
bated under similar conditions in 
healthy serum. Thus for tubercle 
bacilli the opsonic indices of healthy 
persons may vary from 0*8 to 1*2 ; 
in tubercular i)atients it may be as 
low as 0*3 or as high as 1*8. 

Opsonins — Substances contained in 
blood serum which act upon bacteria 
rendering tliem more easily eaten by 
leucocytes. (From Greek words 
meaning "prepared for being eaten.") 

PAGGAQE — The process of passing 
a microbe through the body of an 
animal for purposes of attenuation or 
isolation. 

Pathogenic — Productive of disease. 

Pfeiffer’s Phenomenon— A destruction 
of organisms by lysogenic action 
[see al^vej due to a specific substance 
in the serum. 

Protective Inoculation— The confer- 
ring of immunity by active methods. 

Ptomaines — Bubstances containing 

nitrogen isolated from putrefying 
matter or from cultures of microbes. 

REOBFTORG— The name given by 
Ehrlich to groups of atoms with 
affinity for certain foodstuffs. 

RIcIn — A vegetable poison (allied to 
bacterial toxin). 

SARCINAC — Goccus-like organisms 
which divide in three axes at right 
angles to one another, usually seen 
in cubes of eight. 

Septienmia— A condition in which 
microbes multiply within the blood 
stream, and give rise to symptoms of 
general poisoning without the pro- 
auction of abscesses. 

Spirilla — Organisms which are in the 
shape of cylindrical, wavy, or spiral 
cells. 

Staphyloeooeus — A coccus which 
occurs in clusters. 

Sterilisation— The process of rendering 
any substance free from microbes. 

Streptothrix — An organism consisting 
of a mass of filaments in which true 
branching occurs. 

TETRAD — The occurrence of an 
organism in fours (Tetraoeccus.) 

Toxin — A bacterial product of poison- 
ous action. 

Tuberculin — A curative or diagnostic 
agent for tubercular affections, pre- 
pared from cultures of the tubercle 
bacillus. 

UNIT OF IMMUNITV^The amoutu 
of antitoxic serum which will neutral- 
ise 100 times the minimum lethal 
dose of toxin, serum and toxin 
being mixed, diluted, and injected 
subcutaneously. A normal anti- 
toxic serum is one of which 1 c.c. 
oontaiM an immunity unit. 
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P'OK the distribution of eloctrioity in large quanti- 
ties, cables are in general use. The electrical 
cable is an insulated or separated artificial path or 
track along which electricity will flow readily. The 
path is a metal core, Imown as the conductor, and 
the material which separates it from the surround- 
ing objects is known as the insulation. Copper has 
been found to conduct better than most other 
substances, hence we find the conductor in nearly 
all cables made of a copper-wire rope or strand. 
The insulation is a coating of a material which will 
not allow electricity to pass through, or along it, 
except under very great pressure ; therefore, when 
this material is placed round the core, the current 
flowing through the conductor is entirely separated 
from objects around it, and is consequently under 
control. 

Insulation. Insulations fall naturally into 
two classes: (1) hygroscojnc, or moisture absorbing; 
and (2) or moisture resisting. The 

more common of the first class are jute and paper, 
and of the second, vulcanised indiarubber, gutta- 
percha, and bitumen. 

The first successful experiment in which a con- 
tinuously insulated cable was used was in 1812, 
when Baron Schilling exploded amine by electricity 
conveyed by a wire insulated with indiarubber, and 
laid across the River Neva. In 1815, or 1810, 
Ronalds carried out some experiments in tele- 
graphy, and, in addition to an overhead wire, 
which was suspended by silk threads hanging from 
wooden frames, he had one, a little less than a 
furlong in length, underground. This was drawn 
through glass tubes, the separate lengths of which 
were joined together by small glass sleeves placed 
over the joints and fastened in position with wax. 
The glass tubes containing the wire were then 
placed in a wooden trough and covered over with 
pitch. This method of insulation was not very 
successful, as the glass was very liable to break 
and leave the wire uninsulated. The stranding of 
wires was introduced when large sectional area and 
flexibility were required. In 1837, a line was laid in 
London in which the wires were covered with cotton 
steeped in resinous compound, and then laid in 
grooves cut in baulks of wood. The insulation of 
these wires soon gave way, because the cotton 
decomposed and left the wires practically bare. 
The dampness which caused the decomposition 
also acted as a conductor, and allowed the electricity 
to escape. 

In the following year a line was laid from Pad- 
dington to SlouglL In this instance the wood was 
replaced by iron pipes ; but the line had the same 
fate as its predecessor, and an overhead system was 
substituted. In 1845, a proposal made by Wheat- 
stone and Cook to enclose the cotton-covered wires 
in lead tubes, was a step in the right direction, and 
a patent was taken out in the same year for lead- 
covered wires. Cables covered with lead gave much 
better results than previous ones, and about this 
time a new insulation was discovered in ratta- 
percha, Faraday l^eing one of the men who found 
that it was a good insulator. The first wires insu- 
lated with gutta-percha were laid in London in 
cast-iron pipes in the year 1849. 
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Conductors. The chief conductor nowadays 
is the copper- wire strand or rope. The separate 
strands which form this rope are usually tinned in 
order to keep their surfaces clean, because 
tarnished copper is not so good a conductor as 
clean copper. The most commonly used moisture- 
resisting insulators now in use are indiarubber, 
bitumen, and gutta-percha, and the principal 
moisture -absorbing, jute and paper. The india- 
rubber insulation is laid on in two kinds. The 
first kind, which touches the copper strand, in 
pure and free from sulphur, because sulphur tar- 
nishes metals. The second kind is a compounded 
rubber containing sulphur. This will vulcanise, and 
become firm and resilient. The bitumen is first 
thoroughly refined and then mixed w'ith suljihur 
and other chemicals, and vulcanised like the second 
layer of rubber. Before the bitumen is applied, a 
layer of thin rubber-coated cotton tape or pajier is 
wound round the strand to prevent the sulphur in 
the bitumen tarnishing the copyier. Gutta-]x;rcha 
is used in a flexible state chiefly for low-pressure 
work, such as telegraphic insulations. 

The paiier used for insulating pur|>oses is strong 
manilla paper soaked in resinous compound. The 
jute is usually aj>plied in the form of a braid impreg- 
nated with oily comjiound. 

So far, mention has been made only of the two 
essfAtials in a cable — namely, the conductor and 
the insulation ; but it is not often that one meets 
with a cable in use made only of these two. Nearly 
every cable has some extra coverings, either to make 
the insulation perfectly waterproof, or to give the 
cable some mechanical protection. Lead sheathing, 
steel tapes, galvanised iron wires, and jute braid arc 
extensively used for these purjioses, as will be shown 
in the following descriptions of cable-making. 

Varieties of Cables* Of the several kinds 
of electric lighting and power cables made, the most 
widely used are the Single,” the ” Concentric,” 
the “ Twin,” the ” Triple concen- 
tric,” and the “ Three-core.” The 
single cable |1] consists of a central 
copper strand, a layer of insulating 
material, a covering of braid, and a 
sheathing of protective armouring. 
The process of making a ” single” 
1 . STRAND indiarubber insulated cable begins 
CABLE with the conductor. The copper 
wire for this purpose has usually a 
tin coating, and comes from the makers, when not 
drawn at the cable works, in hanks. These hanks 
are sorted into the various sizes of wire, and the 
desired size for the cable about to be made is chosen, 
and thoroughly cleaned to remove all traces of 
tarnish, dirt, and grease. After being cleaned and 
examined, single lengths of the copper wire are 
wound on separate small metal drums or bobbins, 
which fit round the circular frame of the stranding 
machine. The number of drums used at one time, 
and the size of wire wound upon them, depend upon 
the amount of current the finished cable will have to 
conduct. A large number, of a large size, are 
required for a large current. When the drums are 
in position there is passed through the centre of the 
machine a central wire to which the ends of all the 
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wires on the small drums are attached. As tl^ 
central wire is drawn alon^ the machine is set in 
motion and the frame oontaming the drums rotates 
in such a manner that it twists or strands all the 
other wires round the central one, so as to convert 
them into a wire rope or strand [see page 5175]. 

Applying the Insulator, if the con- 
ductor is free from grit and grease after this opera- 
tion, it is ready to receive its covering of 
insulation. For this purpose, if it is a small-sized 
cable, it is taken to the longitudinal machine, which 
consists of a long, raised bed, at each end of which 
there is a pair of grooved rollers. Bolls of narrow 
indiarubber strip are placed before each pair of 
rollers, the first lot being pure, and the second one 
compound indiarubber. As the end of the conductor 
is brought up to^the first pair of rollers, the ends of 
two strips of pure rubber are placed about it, one on 
top and one below ; so that when it comes out at 
the back of the grooves the indiarubber strips are 
pressed round in the form of a complete covering, 
wiih a firmly-pressed longitudinal joint at each side. 
Although this joint is made only by pressure, yet 
if the surfaces of the edges of the strips are perfectly 
clean, it is thoroughly sound. On approaching the 
second rollers, two strips of compound rubber are 
applied in a similar manner, so that when the 
conductor finally passes out of the machine, it is 
completely covered with two layers of indiarubber. 

If the cable is of large size, the two kinds of india- 
rubber are applied by the lapping machine, which 
covers the conductor by spirally wrapping the india- 
rubber strips round it instead of pressing them on 
as at the longitudinal machine. The wrapping of 
large cables is preferred because the pressure given 
by the longitudinal machine has not been found 
satisfactory for the ^eater thickness of insulation 
required by them. The separate layers of strips arc 
wrapped in reverse spiral so os to prevent, as far as 
may do, the possibility of a weak spot in each of 
two strips, occurring right through the insulation at 
one place. The thickness of the rubber coating is 
decided by the considerations of the pressure and 
disruptive strain that the insulation will have to 
withstand. 

The Indiarubber Cowering. When the 
requisite thickness of indiarubber has been 
applied, the cable is given a wrapping of india- 
rubber-covered cotton tape, at the taping machine. 
This is to add firmness to the covering of indiarubber, 
which, up to this time, is a plastic substance, of the 
consistency of stiff dough. In this state it can bo 
easily moulded into any desired shape, and will 
stick in the shape it is formed. This, of course, is 
very convenient while the indiarubber is ^ing 
pressed or wrapped on the conductor, but before 
the armouring materials are applied over the insula- 
tion, it is necessary that it should be firmer and more 
resilient. With the object of giving these properties 
to the substance it is taken to the vulcanising house. 
This is a room containing large, hollow, cylindrical, 
iron pans to which the necessary pipes, taps, valves, 
etc., are attached, so that steam may be let in or 
out as desired. In this room the cable is placed inside 
one of the pans, after being wound on the drum made 
98]>ecially for the purpose. The pan is closed up by 
a steam-tight door, and the steam turned on untu 
a certain pressure is reached. This pressure is kept 
up for a certain time, until the indiarubber is 
properly vulcanised. The pressure and time of 
vulcanisation depend uxKm the quality and thickness 
of the rubber applied. When the steam in the pan 
has been let off, and the cable taken out and cooled, 
it will be found that the outer layer of indiarubber 


has acquired the desired properties of firmness and 
resiliency. The acquisition of these properties is 
chiefly due to the indiarubber containing as one of its 
Ingredients sulphur, which is a vulcanising agent, 
and which, under the action of steam pressure, 
chemically combines with the other ingredients and 
gives the springiness so characteristic of all india- 
rubber goods. ' The full chemical action which takes 
place is not thoroughly understood even in india- 
rubber manufactures. Dining the whole process 
of applying and vulcanising the rubber great care 
is taken that the surface is quite clean and free from 
grease of any kind, as the successful manufacture of 
vulcanised indiarubber cables greatly depends upon 
the careful handling of the indiarubber. 

The cable is now completed as far as its essentials 
are concerned — it has its conductor and its finished 
insulation; therefore, before any further coverings 
are added, either for protection against dampness 
or mechanical injury, it is taken to the test-house 
to be tested. Here the cable undergoes a rough 
test under water, to see that its insulation is sound. 
A second and more careful test is given when the 
cable is complete, details of which process will 
bo- given later. 

Braiding the Cable. If, after the rough 
test, the insulation is found satisfactory, the cable 
is allowed to dry, and is then taken to the 
braiding machine to be covered with a stout jute 
braid. This braid is moisture-absorbing, and in 
order to prevent it from rotting, it must be 
protected from damp. For this purpose the 
cable covered with braid is passed through the 
serving tanks, which contain a hot compound, 
composed chiefly of paraffin wax, and similar 
substances. The coating of compound on the 
braid as it comes out of the tanks, besides being 
damp resisting, is also an insulator, and therefore 
adds a little to the better insulation of the finished 
cable. Since indiarubber is a waterproof material, 
it is not necessary to cover the cable with a lead 
sheathing, although one is sometimes put on for 
mechanical protection. The more common method 
of protecting indiarubber insulated cables against 
mechanical injury is by encasing them with 
galvanised iron wires or steel tapes. The wires 
are stranded over the jute braid by the stranding 
machine, and the steel tapes are wrapped on by 
the steel taping machine. Although the iron wires 
are galvanised as a protection against rust, yet 
a jute braiding is often applied on the outside of 
them as a furuier safeguara. 

Testing the Cable. The cable is now ready 
for its final test, and for this purpose it is taken to 
the test-house, placed in tanks of water, and 
allowed to remain there for about twenty-four 
hours. Kie testing operation is very important, 
and takes a day or two to complete. The chief 
tests made by the makers are those of the conductor, 
the insulation resistance, 
and the capacity of the 
cable. 

The test of the conductor 
is usually made by com- 
paring its resistance with 
that of a known resistance. 
The comparison may be 
rapidly made by an instru- 
ment known as the Wheat- 
stone bridge [see also page 
70 Ij. A simplified diagram 
2. DIAGRAM SHOW- of the connections for the 
INO CABLE TESTING Comparison is shown in 2- 
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The proportion of the resistance through R1 and R2 
is the same as that through C and K when the 
current passing round* the arms causes no deflection 
in the galvanometer G. Rl and R2 may be read 
off the oridge scale, and K is a known resistance ; 
therefore the resistance of the conductor under 
test is easily found from the formula 
Rl=Cor Rl K=a 
R2 K R2 

Suppose the proportion of Rl and R2 is 2 1, and 
the known resistance equals 6 units ; then from the 
second formula the cable will have a resistance of 
2x5, or 10 units. Another method of testing the 
conductor is by the metre bridge, the principle of 
which is somewhat similar. 

The Water Teat. The test for the insula- 
tion is made after the cable has been in water, 
at a constant temperature, for twenty-four hours. 
AVith the cable still in water, the insulation resis- 
tance is tested by a method of comparison. The 
leakage current through the insulation is compared, 
by means of a galvanometer, with the flow of cur- 
rent through a known high resistance, when the 
same battery power is applied. The galvanometer 
is an instrument in which there is a sensitive needle, 
placed over a graduated circular scale, and sur- 
rounded by a coil of wire. This is its simplest form. 

As the current passes through the galvanometer, 
the needle is deflected through a certain angle. 
The comparison, in its simplest form, is made thus : 
Suppose a circuit is made up of a battery, a galvano- 
meter, and a length of wire. After the current 
has passed round the circuit for a short time the 
galvanometer needle will remain stationary at a 
certain deflection from its original position. If 
the wire is now t>iken out, and another one of 
equal length, but of different substance, put in its 
place, the galvanometer needle, when the emrent 
is next sent round the circuit, will come to rest at a 
deflection different from the one in the first instance. 
In both these circuits the battery, the galvano- 
meter, and the length of the wire are the same ; 
the only difference is the substance of the wires, 
therefore any change in the current 
can l>e due only to this alteration. 

Now the current in a circuit is 
approximately equal to the electro- 
motive force sent out by the 
battery, divided by the resisttmee 
offered to this force by the wires 
or other substances in the circuit. 

If the electromotive force is 
represented by E, the resistance 
by R, and the current by C, 

then ^ “ R* Applying this 3, 


r 


formula to both instances above, 
we see that E is the same in both, but C, as 
shown by the deflection of the needle, is 
different; therefore the resistance must ^ve 
altered in inverse proportion to the current. A 
numerical example will make this clear. Suppose 
the battery sends out a force of 0 units and gives 
a deflection, in the first instance, of, say, 30®, and 
in the second of 20®. Then since the current is 
])roportional to the deflection, we may take it 
that the first current equals 3 units, and the second 


and second, 2 — ^- Therefore the first resistance 
equals 2 units, and the second 3 units. Thus the 


second wire has a resistance of <me and a half times 
the first one. 

Insulation Resistance Test. In the 

actual testing of cables the resistance which the 
insulation should offer when sound is first calcu- 
lated, and the circuit is made up of a powerful 
battery, a galvanometer, and a known high resist- 
ance, which is approximately equal to what the 
calculation gives. Figure 8 shows a diagram of 
connections for insulation resistance testing. A 
deflection is obtained with the known resistance 
in circuit by pressing the key K into contact 
with R. The known resistance is disconnected, 
and one pole of the battery is connected through 
the galvanometer to one end of the cable by 
pressing the key to the right to make contact 
with C. The other end of the cab^ is left entirely 
free, not even allowed to touch the sides of the tank 
in which the body of the cable lies. The other 
pole of the battery is connected to earth at £. 
To complete the circuit, the electricity will have to 
flow from the battery through the galvanometer 
into the cable, through the insulation into the water, 
down the sides of the tank to earth, and along the 
earth to the wire earthed at E. Thus it wfll be 
noticed that the electricity will have to go through 
the insulation as it had to go through the known 
high resistance, and since these are. approximately, 
equal, the deflection obtained when the cable is 
in circuit should be nearly the same as that when 
the known resistance was in. This will be the case 
when the cable's insulation is sound, and when the 
ends, which are never allowed to touch the water, are 
painted with paraffin wax to prevent surface leakage. 

A point may Ixs mentionecl with regard to reading 
the galvanometer deflection when the cable is in 
circuit. When the electricity enters the instrument, 
a deflection will be shown, but as the electricity 
continues to flow the deflection will gradually 
decrease for a few minutes, and then remain 
stationary. This slow decrease is due to the electrifi- 
cation of the cable ; that is, the absorption by th? 
cable of a certain quantity of electricity into itself. 

The amount of absorption is known as the 

capacity of the cable. If the decrease is 

I very slight, or proceeds unsteadily, there is 

I probably a defect in the cable. This pro- 

|y^ perty of electrification may be used as a 

further test for the soundness of 
the cable in this way. If after 
electrification the cable is con- 
nected to earth through the 
galvanometer after the battery 
has been removed, the deflection 
of the galvanometer will show 
that a steadily decreasing cur- 
rent is flowing from the cable. 



CONNECTIONS FOE INSULATION 
TESTING 

If the deflection decreases at the same rate as when 
the battery was first put on, the cable is sound. 

Testing Capacity. The capacity of the cabb 
may be tested by comparing it with a condenser of 
known capacity. The condenser is first charged by 
a battery, and then the accumulated charge is sent 
through a galvanometer. The cable is first connected 
to earth to remove ali residnal ohar^, and then elec- 
tricity is sent through it until it bos aWrbed to 
its full capacity. This point is reached when the 
2; and from the formula C we get, first, 3 ^Ivanometer needle remains steady. The battery 

R I' is removed, and the cable connected to earth through 

the galvanometer, and the deflection compared with 
that obtained from the condenser. The capacities 
are roughly in proportion to the deflections. 


CofUinued 
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By JUSTIN McCarthy 


T'HE formation of the East India Company, in 
^ 1591, was of great importance in England’s 

relations with Hindustan. The beginning of 
this enterprise consisted of only three ships, 
of which but one reached India. The captain 
of tiiat ship had much trouble with his crew, 
but he brought back such good news of the pros* 
pects in India that a private mercantile company 
was started, and obtained its first charter in 1600. 
Its stock valued £72,000, and its fleet consisted 
of four ships. This was called the London 
Company, and its charter was renewed by 
successive enactments. There was a magnifi- 
cent opening in India for commercial enterprise, 
because of its vast wealth and varied resources. 
In September, 1698, a rival company was started 
called the i^glish Company, and the two com- 
panies were afterwards united, and became that 
East India Company which exercised so im- 
portant an influence in the condition of India 
and the financial affairs of England. 

India Divided into States. The Por- 
tuguese had in the beginning of the six- 
teenth century made a settlement in India for 
trading purposes, and the Dutch were also early 
in establishing an East India Company. They 
came a little later than the Engfish, while the 
French East India Company was not established 
for more than a century after. Soon the whole 
world of adventure began to send out its fleets 
to India. India was divided into several 
empires and states, between which were frequent 
internecine wars. Dynasties established far 
back in history were now and then overthrown 
by a new movement amo^ its own people, or 
by invasion by some outlying race, and the con- 
dition of the country offer^ continual oppor- 
tunities to European speculators and adventurers, 
who sometimes took possession of whole terri- 
tories. Bombay had been annexed to Portugal, 
and when Catherine of Braganza became the 
wife of Charles II., Bombay was ceded to England 
as part of her dowry. Madras was colonised 
by the English in 1640, and was afterwards made 
a presidency under an English governor. 
Calcutta, which had been a sul^rdinato part of 
Madras, was created a sewate presidency in 
1701. There were many ^turbances between 
the natives and the European settlers, and 
between the European occupants of different 
territories ; wars between the English and the 
French, and continual rivalry between the Dutch, 
Portuguese and Spanish, and the later European 
settlers. New native dynasties were founded 
on the ruins of native sovereignties, and the 
different faiths of the people led to many internal 
revolutions. 

Throughout a mat part of India a system 
pi^vailed which allowed each village to manage. 


to a certain extent, its local affairs, unaer tne 
control of the Imperial power, and if the state 
of which it was a part pa^eed under the rule of a 
now sovereign or of an invader, the village 
accepted the new rule, and still managed its 
local affairs. Owing to this system the settle- 
ments of foreign invaders passed in many cases 
harmlessly over the heads of many of these 
village populations, and the invader was not likely 
to encounter much resistance from them. 

Dupleix and India. At the opening 
of the eighteenth century the French were the 
great rivals of the English in the struggle 
for the possession of territory and supremacy 
throughout India. One of the most celebrated 
men of this time was Joseph Francois Dupleix, 
a Frenchman who had early in life been made 
a member of the French East India Council, 
and was, in 1741, appointed Governor-General 
of the French possessions in India. Dupleix 
showed such marvellous skill in his dealings with 
the native princes of that region that they 
entered into cordial terms with the French, and 
seemed likely to become willing instruments in 
the promotion of his policy, which was to found 
a French empire in India. This brought about 
a struggle between the French and English, and 
many battles took place by land and sea. 

But among the representatives of England was 
one man who was too much even for Dupleix. 
This was Robert Clive, the maker of England’s 
Indian Empire. Clive began his career as a clerk 
in the East India Company. When he had 
settled in India he was seized with the ambitioi; 
to become a soldier, and in due course he dis- 
tinguished himself in many engagements. 

The Black Hole of Calcutta. In 1753 
he came back to England, where his military 
fame had preceded him, and on returning to India 
two years later lie recaptured Calcutta, which 
had been taken from the English, where some 
150 English prisoners had been crammed into 
the infamous “ Black Hole,” a prison 18 ft. 
square,^from which only twenty-three came out 
the next morning alive. Clive also captured 
some of the French settlements, and on June 
23rd won the famous victory of Plassey, in Bengal, 
over the Hindoos under Surajah Dowlah, in 
which 68,000 of the enemy were completely 
conquered, by about 1,000 English and some 
2,000 sepoys, thus securing the establishment 
of British power in India. 

Clive returned to England a rich man, and 
entered Parliament as member for Shrewsbury, 
was raised to an Irish Peer^ as Lord Clive, and 
was created Knight of the Bath ; but he had to 
return to India in 1765, where his presence 
was indispensable. The affairs of the East 
India Company had been mismanaged, and were 
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threatened with collapse. Clive went to Calcutta 
and devoted all his energies to the reformation 
of the civil and military services, and soon 
accomplished a complete reform in both de- 
partments, proving hLuself as great a civil ad- 
ministrator as he had been a military commander. 
Indeed, the practical working of British adminis- 
tration in India dates from Clive's last visit. 
In 1767 Clive returned to England, and the 
rest of his story is all sadness. His reforms 
during his later years in India had made him 
many enemies ; he was attacked by Parliament, 
and his government of India was made the sub- 
ject of inquiry by a Select Parliamentary Com- 
mittee, which ended in something like a vote 
of censure on Clive, qualified by a few words of 
praise. Clive felt the reproach thus put upon 
him most deeply. Some of his actions might 
have been justly censured, but it is certain that 
he had maude enemies, who put the worst con- 
struction on everything he did. He tried to 
relieve his mental depression by opium, which 
only increased his melancholy, and on November 
2^d, 1774, the great soldier and statesman 
committed suicide. It is strange that Dupleix, 
his rival for the mastery of India, also foil upon 
evil days. He had been recalled from power 
by the French Government, and he died, 
neglected and poor, in 1763. 

Warren Haetinss. The next famous 
Englishman who took part in the rule of India 
was Warren Hastings, who was bom in 1732 of 
an old Oxfordshire family Like Clive, he was 
compelled by family circumstances to make a 
living for himself, and in his eighteenth year 
obtained a place as a writer in the service of the 
East India Company, and before long became a 
member of the Council of Calcutta. In 1772 he 
was made Governor of Bengal and President of 
the Council, and soon after Governor-General of 
the British Dominions in India. As Governor- 
General he had a council of four members, three 
of whom were sent out from Great Britain. 
Hastings occupied himself in endeavouring to 
restore the finances of the Indian Administration, 
which had been reduced by neglect, bad manage- 
ment, and in some cases by selfish rapacity. He 
was severe and sweeping in his reforms. Nun- 
comar, a Brahmin official, being unsuccessful in 
his intrigues, accused Warren Hasting of pecula- 
tion. Hastings, in return, had him tried for 
forgery, of which he was found guilty and 
sentenced to death. Hastings was accused of 
unfairness in pressing this charge, and of not 
having proceeded against Nuncomar in the same 
manner tub against the other officials accused by 
him. The majority of the Council were opposed 
to Hastings, and that majority was led by Sir 
Philip Francis, who is still believed to have 
been the author of the famous “ Letters of 
Junius,” which began to appear in the “ Ptiblic 
Advertiser ” in January, 1769. In one of the 
letters, which were a series of attacks cm 
Ministers of the Crown and other public officials, 
“Junius** said: “I am the depository ' of 
my own secret, and it shall parish writh me.** 
The enmity between Hastings and Francis had 
gone so far that they fought a duel, in which 

6560 


Francis was wounded. He retired from office 
in 1780. Hastings reorganised the revenues, 
revised the assessments, and greatly improved the 
administration of justice, and at the same time 
carried on an almost continual war with the 
Mahratta tribes, and spread the power of the East 
India Company more widely. Many of his acts 
as a ruler were harsh and unjust, and he had 
little scruple as to the means by which he 
attained the results at which he aimed. In 1784 
he resigned, and returned to England. 

A Famous Trial. Not long after this 
his conduct in office was made the subject 
of one of the most celebrated Parliamentary 
inquiries ever held in England. William Pitt 
wras then Prime Minister, and the charges were 
made by Edmund Burke, Charles James Fox, 
Richard Brinsley Sheridan, and other members 
of the Opposition. Hastings was impeached 
at the Bar of the House of Lords, and his 
formal trial began in Westminster Hall on 
February 13th, 1788. The trial lasted more 
than seven years, for the sittings of the House 
of Lords were not continuous, like those of a 
court of justice. On April 23rd, 1795, Warren 
Hastings was acquitted by a majority of some 
of the charges, and acquitted unanimously of all 
the accusations that affected his personal honour 
and character. But the public in general were 
certainly not unanimous in his acquittal, and tht; 
subject is still a matter of controversy. He was 
probably too severely judged by the leaders of 
one party, and too readily exonerated by the 
other. The principle that a British ruler in India, 
having many special difficulties to contend 
against, was justified in adopting any courae 
which helped him to maintain English rule was 
that against which Edmund Burke declaimed 
in some of his most eloquent speeches. Sheridan's 
famous “ Begum speech,” “relative to the Begum 
Princesses of Oude,” was delivered during the 
impeachment. 

Warren Hastings spent the rest of his days in 
England, living the life of a country gentleman. 
Most of his large fortune had been spent on his 
defence in his trial, but the East India Company 
made a liberal provision for his closing years. He 
had numberless admirers throughout the country. 
He was made Privy Councillor by the Prince 
Regent in 1814, and four years later his long and 
eventful life ended. 

The Indian Mutiny. In 1784 Pitt had 
passed a measure establishing a Board of 
Control to assist, and. when necessary, to over- 
rule the Executive Government of India and 
the East India Company. The president was 
to be a leading Minister of the Crown, and a 
member of the Cabinet. This lasted until 1858. 
when the Government of India was transferred 
to the Crown. The history of India, in the mean- 
time, was a series of wars and conquests, wars 
against native princes, risingB agamst British 
power, many checks and disaMers to the Britwh 
fences, but complete suooeas ultimately for 
foitish arms, until at last the whole ^ the 
great peninsula was under the rule of England. 

The most memorable event of this period 
was the Indian Mutiny, the mutiny in the 
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Bengal native annv, which began in 1857. One 
of the greatest oifficulties at this time was 
caused by the large number of natives whom 
the rulers of India had to employ, as it was 
impossible to provide a large enough army of 
Englishmen. A number of sepoys who seemed 
willing to enter the service were therefore 
employed. Some of these troops were found 
to be in sympathy with the Indian princes in their 
struggles affainlit English dominion, but the 
mutinies which, in consequence, occasionally 
arose wore easily suppressed. But the Mutiny 
of 1857, which began with incendiary fires at 
Barrackpur in January, and a mutiny of sepoys 
in February, was more extensive, and had a more 
definite object. The 11th and 20th Native Infan- 
try and 3i^i Cavalry in the garrison at Meerut, 
near Delhi, mutinied on May 10th, killed their 
officers, and marched to Delhi, and were there 
joined by the native troops, and received with 
enthusiasm by the native population, who killed 
the Europeans. The rising was not merely a 
sepoy revolt or militaiy mutiny, but a sudden 
combination of mutiny, race hatred, and 
fanaticism against the dominion of England. The 
uprising of the native soldiers may have been 
the signal for the outbreak of that religious and 
political storm which had long been gathering. 

The Cause of the Outbreak. The 
native princes and soldiers acted together, while 
the Mohammedans and the Hindoos suppressed 
for the time their own religious differences 
and united against the Christians. It was 
at first believed in England that the revolt 
was caused by the distribution of the Enfield 
rifles, the cartridges being wrapped in paper 
greased with cow’s fat or hog’s lard. This would 
have been to the Hindoos a profanation of the 
cow, which they venerated, and to the Moham- 
medan it was pollution to touch any product of 
the pig. which he regards as an unclean animal. 
The Government made every effort to assure the 
native soldiers that the cartridges were not so 
greased, and that nothing had been done to 
offend their religious feelings or caste sentiments. 
But if the alarm about the greased cartridges had 
not set the mutiny alight, some other cause 
would undoubtedly have done so. The mutineers 
in Delhi claimed the protection of the descendant 
of the great Timur, we King of Delhi, as he was 
still called. He was a man of over eighty, who had 
long been a pensioner of the East India Com- 
pany, and it had been arranged that the title of 
King should die with him. The mutineers pro- 
claimed him Emperor of India and leader of their 
revolt. Thus the mutiny became an uprising. 

Lord Canning and the Mutiny. 
There had been a prophecy well known through- 
out India that the hundr^th anniversary of the 
Battle of Plassey would see the end of England’s 
dominion, and at the time that it was being cele- 
brated in England the mutiny was in full move- 
ment. Lord Canning, the thim son of the famous 
George Canning, was then Governor-General of 
India. He had succeeded to the title on the death 
of his mother, on whom it had been oonferrM 
after her husband’s death. He held office for 
some years in England, and in 1856 he succeeded 


Lord Dalhousie in India. Though he had been 
there such a short time before the mutiny 
broke out, he proved equal to the occasion, and 
in that period of commotion he remained resolute 
and calm. 

The Tragedy at Cawnpore. Lord 
Canning considered that the first thing to bo done 
was to recapture Delhi, which had become the 
centre of the rebellion. A large body of English 
troops on their way to China were summoned 
to India by him to help in putting down the 
mutiny, which had broken out at Lucknow, 
at Cawnpore, and at other places. The tragedy 
of Cawnpore is one of the most terrible events 
of the war. It was caused chiefly by the treachery 
of Nana Sahib, the adopted son of an Indian 
prince, who professed to be an ally of the English, 
and was trusted by them, but he had long been 
plotting against the English Government because 
he felt aggrieved by Lord Dalhousie’s rejection of 
his petition for the Peishaw’s pension. He went 
over to the mutineers as soon as the mutiny 
began, became one of its chief instigators, and 
it w^ under his leadership the mutiny at Cawn- 
pore broke out on June 5th. 

He surrounded the Residency, where the 
English inhabitants had taken refuge. They were 
sheltered by entrenchments of a worthless charac- 
ter, but the garrison, diminishing daily in numbers, 
held out with splendid courage, and prolonged the 
defence until June 24th, when the ammunition and 
food were exhausted. The condition of the women 
and children was terrible, having neither food 
nor water nor adequate protection from the fire 
of the mutineers. But the sepoys showed them- 
selves unwilling to approach too close to the fire 
of the indomitable British soldiers. Nana Sahib 
saw that he could not take the Residency by 
assault, and he could not Wait until the garrison 
had died of hunger as he feared some large body 
ot soldiers might come to their relief. He there- 
fore offered to transfer all those who would surren- 
der in safety to Allahabad, and to supply them 
with food in the meantime. The English, seeing 
no other chance of safety, accepted his terms. 

The Treachery of Nana Sahib. The 
evacuation of the garrison took place on June 
27th. The women and children were helped 
into the boats, and the officers and men were 
about to follow, when the sound of a bugle was 
heard — a signal from Nana Sahib — and the native 
rowers set fire to the straw roofs of the boats, 
from which they themselves escaped. At the same 
moment lihots were fired from lK)th banks of the 
river at the blazing boats. This deadly fire 
lasted until the greater number of the passengers 
had been shot, and the survivors were brought 
back to Cawnpore. Nearly all the men captured 
by the natives were immediately shot, but 112 
women and children were imprisoned in a small 
house near Cawnpore. Some of the women were 
compelled to grind com for their gaolers, but it 
seems that no other indignity was offered them. 

After the English victory on July 15th, it was 
decided that all who remained should be killed, 
and on the following day they were murdered, 
some by shot and some by sword, and their bodies 
thrown into a dry well. There seems to be no 
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doubt that some were still alive at the time. 
Sir Henry Havelock fought his way into Cawnpore, 
but only in tim e to see the horrible evidences of 
the massacre. The well was filled up after the 
bodies had been buried, and a memorial chapel 
raised on the spot. Nana Sahib made his iMt 
stand against the English near Cawnpore, and 
was completely defeat^. He managed to escape, 
however, and nothing was known of him after. 
Leaving Neill at Cawnpore, Havelock marched 
on Lucknow. He was afterwards reinforced 
by Sir James Outram, On September l(>th 
Brigadier Greathed surprised and routed the 
mutinous troops from Rajpootana and Agra. 
Sir Colin Campbell, afterwards Lord Clyde, 
effected the final relief of Lucknow in November 
1867. The capture of Delhi was accomplished 
in September of the same year. 

A young English officer, William Steven Hob- 
son, who formed the body of cavalry known 
as “ Hobson’s Horse,” offered to capture the 
King of Delhi and his family, and was permitted 
, to do so by General Wilson, on the concfition that 
he spared the life of the king. He found the 
Royal Family surrounded by armed men, but his 
manner convinced them that he had a large 
force within call, and they surrendered. Hobson 
spared the life of the king, according to his pro- 
mise, but regarded the three princes as rebels, 
and, taking a carbine from one of his troopers, 
he shot them dead. 

The End of the Mutiny. By the end of 

1837 the revolt in Bengal had been nearly 
suppressed, and in many other parts of India order 
had been restored. At the beginning of the follow- 
ing year the last of the Moguls was transported 
to Burmah. During January and February 
Sir Colin Campbell succeeded in clearing Oude 
and Rohilkhund. and in March went to Lucknow, 
and at last wrested the city from the enemy. 
Meanwhile, Sir Hugh Rose, commanding the 
Bombay division, advanced to the relief of Saugor, 
and defeated the rebels at Muddunpore. In 
April he defeated Tantia Topee, and took the fort 
of Jhansi, and in May the fort of Kalpy. In June 
he again defeated the rebels outside Gualior, 
and captured the city. Napier defeated the 
rebels at Alipore, and this ended the campaign. 

It was found that the cost of suppressing the 
mutiny was not less than £40,000,000. When 
order was restored, the proportion of native 
troops was much reduced, the artillery being 
mai^y composed of Er^lish gunners. On Sep- 
tember 1st, 1858, the Government of the East 
India Company came to an end, and on Novem- 
ber 1st Queen Victoria was proclaimed Sovereign 
throughout India, with Lord Canning as her firet 
Viceroy. 

AUSTRALIA 

One of the most important parts of England’s 
Empire is that maoe up of the Australian 
Colonies. It was not until 1686 that English- 
men landed on the great island. William 
Dampicr landed there in 1686, and Captain 
Cook, the famous navigator, in 1770; and with 
him really begins England’s ownership of 
Australia. England sent before long a stream 


of emigration to the new soil. The whole of the 
Australian continent became a recognised part 
of England’s dominions. The name Australia 
was only given to the island when English 
infiuence b^an to prevail, for it had been named 
New Holland, white the Dutch claimed to have 
been its earliest discoverers. 

For a long time — ^indeed, down to recent days 
— some of Uie Australasian Colonies were us^ 
by England as places to which convicts from 
these islands could be transported and held in 
penal servitude. Nor was this sentence indicted 
only on criminals convicted of gross crimes, but 
upon men of the highest character and honour 
who had taken part in Ireland’s rebellions — 
men like Smith O’Brien and John Mitchel. 
The Colonies might have made less complaint 
if such men as these were the only convicts 
sent into Australia by British law ; but it 
became intolerable to the Australians, after a 
white, that their soil should be used as a place 
of imprisonment for men whose presence 
England would not endure even writhin her 
prisons. The system was gradually relaxed, 
and came to an end in 1857. 

Disco^ep^ of Gold. In 1851 gold w'as 
discovered in New South Wales, and soon 
after in Victoria and other parts of Australia, 
and there was a sudden rush of immigration 
from Europe and many other parts of the 
world into the gold-producing regions. The 
population of Australia has been steadily grow- 
ing during recent years, and prospering with its 
growth. 

The Government in England acted with a wise 
liberality towards the Australian colonists in 
allowing them as far as possible the manage- 
ment of their own affairs, and no such crisis 
has been provoked as that which once brought 
the people of Canada into actual rebellion. 

The Afferent Colonies of Australia have been 
for the most part on friendly terms with each 
other, and the principle of local self-government 
has been proving itself more and more effectually 
as time went on. The Australian Colonies on 
more than one occasion show'ed their loyalty 
to the British Crown by giving their assistance 
to England in some of her foreign wars. At 
length a scheme of colonial federation was 
formed, by virtue of which the Australian 
Colonies became associated in one federal 
system with the sovereign of England at its 
head, each Colony managing its own local affairs 
for itself, and the interests of the whole continent 
being under the core of what may be described 
as the federal government. Each Colony has 
a Legislative Council or Senate, and a I.<egisla- 
tive Assembly corresponding in its arrangements 
to our House of Commons. I'he Ijegislative 
Assembly is elected by manhood suffrage, or 
by voters whose qualification, so far as property 
is concerned, it is not difficult to obtain ; and 
all votes are taken by ballot. The Bill for the 
founding of the Australian Federation was 
finally passed by the Imperial Parliament in 

1900, and came into force on January 1st, 

1901. 
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By CLAYTON BEADLE and HENRY P. STEVENS 


'T^ A is an infusion of the prepared leaves of the tea 
^ plant, the species usually employed being the 
Thea chinenaia and TJiea aammica. It was first met 
with in China, where it is said to have been used 
four centuries b.c. It was, however, a very common 
article in the eighth century a.d. Its introduction 
to Europe dates from the beginning of the seven- 
teenth century, and the import into this country 
had grown into considerable magnitude by the 
middle of the eighteenth century, when it b^ame 
quite a general beverage. 

The tea plant is a native of China, and was intro- 
duced into India in 1850, but as now grown in India 
it is generally a hybrid with Chinese varieties. 

Tea, as it is put on the market, may be divided 
into two classes, the green and black teas. This 
distinction is based solely on the method of manu- 
facture, and is not due, os originally supposed, to 
a difTerence in the tree from which the leaves are 
derived. Both green and black teas are produced 
in China, Japan, Assam, and Ceylon, although it is 
usually admitted that the best green teas are made 
in China [see also pages 4960 and 4961]. 

Cultivating the Tea Shrub. The culti- 
vated plant is a bushy shrub, not exceeding 6 ft. in 
height, and somewhat resembling a Portugal laurel. 
The leaves should not Ik* plucked when the trees are 
too young, otherwise, when they come to maturity, 
the yield is much impaired. The plan usually 
adopted is to pluck the leaves when the plant is 
three. years old ; the yield will then be about 80 lb. 
of tea |)er acre. The best yields will be obtained 
from trees which are six or seven 
years old, w'hen the yield will 
amount to 320 lb. per acre, 
although maximum yields, 
amounting to 800 lb., have been 
obtained in India. After the 
eighth year it is preferable to 
replant. The seeds are usually 
gathered in October, about a 
year after the flower has faded, 
and are then kept in sand and 
earth until the following March. 

By this time the s^ds will 
have germinated, and are ready 
for planting out. Old trees ore 
removed every year and replaced 
by seedlings. In selecting the 
ground, attention should be given 
to thorough drainage and irriga- 
tion, for which purpose a gom supply of water 
is necessary. In general, hilly distriots are best 
adapted for the purpose, and the soil should be 
a rich loam. 

Gathering the Crops. Whether for green 
or black tea, the leaves are plucked three or four 
times a year, those first plucked producing the best 
tea. The oroi>s ore classed according to the age of 
the leaf, and designated according to their source. 
Some of the more important are Hyson, Pekoe, 
Souchong and Congou. Hyson is a term applied 
in China to the leaf- buds and the first leaves picked 
in April and mode into green tea. Other green 
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varietieB are known as ** gunpowder,'* Tankay, and 
Imperial. Of the black varieties. Pekoe represents 
the youngest leaf and leaf buds gathered in April. 
Sometimes it is flavoured by the Edition of orange 
and other flowers, when it goes by the name of 
“ Orange Pekoe." The same term is applied in 
Assam as in China. The term " Flowery Pekoe " is 
also applied to this class. Souchong is plucked 
next, and is followed by Congou. 

Chinaae Methods. The manufacture of 
green tea differs from that of black tea in that it is 
prepared as quickly as possible from tike freshly- 
plucked leaves, without allowing any fermenting 
processes to set in. On the other hand, with black 
tei^ a certain amount of fermentation is encour- 
The processes employed vary somewhat in 
different countries, but in the case of green tea they 
do not differ so much. The leaves gathered in the 
morning are treated the same day. The first process 
consists in steaming, with subsequent drying, 
although in India the steaming process is usually 
omitted. When dry, the leaves are roasted — that is 
to say, they are heated in pans over the fire, stirring 
continuously. The temperature should not rise 
above 160° F., and the process lasts about five to 
seven minutes. The leaves, now in a soft, pulpy 
state, are rolled to break the cells and liberate the 
aroma ; the rolling operation is followed by drying 
in the sun ; and these processes are repeat^ three 
times in succession, and then followed by another 
roasting, after which they are sifted and sorted, 
and finally roasted again, although the order of 
the last two operations may be 
reversed. 

In the ease of black tea, 
after drying in the sun and 
rolling, which may be accom- 
plished either by hand or in 
the rolling mac nine, the leaves, 
in the form of balls, are left to 
ferment. Tfiis process must be 
put an end to at the right 
moment in order to obtain the 
best result, and it is effected by 
breaking up the balls and 
spreading the leaves in the 
sun to dry. This is followed 
by firing, the loaves being 
spread on trays with gauze 
bottoms, heated from under- 
neath by fire or hot air ; after 
firing, the leaves are ready for the market. 

Tea Cultiwatlon in India and Cey- 
lon. As by far the greater proportion of t^ 
imported into this country conies from India and 
Ceylon, we shall describe the methods there 
employed for cultivation and manufacture. 

In March the voung shoot, with fresh leaves, 
or the first " flush," is ready for gathering. This 
consists of a shoot or new growth bearing the bml 
and five or six leaves. The pluckers gather the bud 
with one, two, or three leaves, aooording to the 
quantity desir^. The buds yield the finest tea, 
known as golden or silver tip." The top leaf 
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P roduces Orange Pekoe, or, when large, “ Pekoe.** 
ho second or lower leaf also yields Pekoe, but, 
when large. Pekoe Souchong (Christison). 

The pluckers go round the gardens at intervals of 
about a week. It is very im- 
}x>rtant that they should avoid 
gathering leaves which are too 
coarse, or unripe shoots. The 
baskets with the loaves are 
returned as quickly as possible 
to the tea-house. 

Manufacturing Opera* 
lions. These are as follows 
[soe illustration 1, showing 
plan of an Indian tea-house] : 

(1) Withering or limping; (2) 
rolling or curling; (3) dry- 
ing or firing: (4) sedating 
or sorting and cutting or 
equalising ; (5) final m’ing ; 

(6) packing for export. These 
operations take together some 
22 hours to 26 hours. The 
withering is carried out in 
houses built open at the sides, 
fitted with layers of trays or 
racks. The object of withering 
is to remove ^ per cent, to 50 
per cent, of the water, so that when subjected to 
the next operation, the rolling, the leaf is sufiicieiitly 
tenacious to stand this somewhat rough treatment. 
The leaves are now taken to the rolling machines. 
These are of special construction, and give to the 
leaves the necessary twist, at the same time rolling 
them into balls. The balls are then broken down. 

The next process consists in spreading out the 
withered leaves on the concrete floor of a large 
chamber. The chamber is kept dark, and the leaves 
arc covered with cloth or muslin saturated with cold 
water. In the course of from two to eight hours 
the so-called fermentation process is complete. 

They then p<iss to cooling and oxidising machines, 
in which they are 
spread out on wire- 
gauze covered tables, 
through which a cur- 
rent of air is drawn. 

Method* of 
Firing, They are 
now taken to the tea 
drying and firing 
machines. In large 
factories this is best 
accomplished in 
three stages. In the 
first stage the leaf is 
passed quickly 
tlirough an auto- 
matic machine which 
immediately checks 
the fermentation by 
ox]) 08 ing the leaves 
to a temperature of 
300° F. The effect of 
this is to turn them 
darker in colour, 
and they leave the 
machine half dried. 

The second is a 
similar automatic 
drying machine, the temperature of which is 200° P., 
and on leaving this machine the leaved are almost 
dry. The ihira stage is accomplished in a machine 
under control, so that the operation may be care- 
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fully watched. The object of the process is to 
drive . off the moisture as completely as possible 
without losing the essential oils. 

The roasted leaves are next picked over by hand 

and then passed through a 

mechanical sorting machine 
to remove foreign matter, 
stones, dust, etc. The leaves 
then pass to circular or rovolv • 
ing sieves fitted with wire of 
different mesh, so as to separate 
the leaves into two or three 
qualities. The general prin- 
ciple of the machine is similar 
to one which has been already 
described [see Milling, page 
3079]. The different products 
are now subjected to a final 
firing to remove any residue 
of moisture, after which they 
are ready for packing. 

Chemlstry^of Tea. The 
aroma of tea is due to small 
quantities of volatile oil not 
exceeding i per cent, of the 
weight of the tea. The peculiar 
physiological action is due to 
a substance formerW termed 
“ theine,” but now generally known as “caffeine,” as 
it has been found to be identical uuth the alkaloid 
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obtained from coffee. Teas also contain a con- 
siderable quantity of tannin, averaging from 10 per 

(^ent. to 20 jier cent. 
The public analyst is 
not often called upon 
to examine teas, as 
all that is imported 
into this country is 
examined by the 
Customs authorities, 
and rejected if found 
to be adulterated. 

The proportions of 
essenti^ oil, caffeine, 
and tannin vary con- 
siderably, and there 
is also a distinction 
between the quan- 
tities in green and 
black teas. 

.4 great number 
of analyses have 
been made on tea 
by different authori- 
ties. The table given 
abov'c, obtained by 
a Japanese chemist^ 
will give some idea 
of the effect of con- 
stituents on the 


original leaves when converted into green and 
black tea. 

In the above figures it will be seen that the con- 
stituent most affected by the process of manufacture 




is tannin, of which the green tea contains more 
than twice as much as the black, from the same 
leaves (see also page 3378]. 

Coffee. Coffee consists of the roasted seed con- 
tained in the fruit of the coffee tree((7a^ea arahka). 
A number of species and varieties have been dis- 
covered, throe of which are now cultivated : (1) 
The Arabian or Mocha coffee, which differs from ^e 
others in that it usually contains only one seed in 
each berry; (2) Jamaica coffee, which has usually 
two seeds in the berry ; and (3) East India or Bengal 
coffee, characterised by its small berries. The cul- 
tivated plant <18 usually about 6 ft. high, and would 
grow much higher, but its height is kept down by, 
]^runing. It is grown in various parts of the world, 
generafly at some height above the sea-level. It 
is cultivated in the West Indies, Mexico and Central 
America, Brazil and various parts of Africa, Arabia, 
India, Ceylon, and parts of the East Indies, but it is 
chiefly grown in Brazil. The fruit has been likened 
to a small black cherry and consists of sweet pulpy 
matter surrounding one or two seeds, which seeds 
are themselves enclosed in a thin tr>iigh membrane 

_ Operations,. The fruit 
is allowed to ferment to help the removal of the 
outer pulp, and the parchment is got rid of by passing 
the seeds between rollers and winnowing out the 
husk. The bean is yellowish in colour, and has to 
undergo a process of roasting to fit it for consumption . 
The roasting cftects two objects — it brings about 
important chemical changes which develop the 
flavour ; and at the same time the raw bean, which is 
tough, is rendered brittle, so that it can l)e more 
easily ground. The process of roasting requires 
care ; under-roasted beans yield an infusion with a 
raw flavour, whereas if too strongly heated they are 
burnt. Usually some sort of rotary apparatus is 
adopted by which the beans are kept in motion 
and uniformly heated (see also Boasting Cocoa]. 
The temjx^rature should not rise above 45b^F., and 
the beans should lose about 18 i»er cent, of their 
weight when roasted to a chestnut brown colour. 
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It is stated that a loss of 20 per cent, means injury 
to the beans. 

Composition and Constituents. The 

most important constituents of coffee are the 
volatile oil, to which its fragrance is due, and the 
alkaloid caffeine which has already been described 
under Tea. The oil w as isolated by Bernheiinor from 
the distillate obtained by heating coffee beans. It 
is an oil boiling at 105° to 107° C., and has been 
termed “caffeol.” 

Coffee is frequently adulterated, and while the 
substitute* generally used is chicory, many other 
substances have also been employed, including — 
ticcording to Pearmain and Moor — dandelion root, 
mangel-wurzel, turni))s, beans, peas, flour, and con- 
demned sea biscuit more or loss caramelised by 
baking, and burnt sugar. In addition to tliis, a 
patent has been taken out for the manufacture of 
artificial beans from chicory and other adu’terants. 
Anyone familiar with the l^an would have no diffi- 
culty in detecting the imitation article, although they 
jire not met with much in this country, it being more 
profitable to adulterate the ready-ground coffee. 
On chemical analysis coffee contains about per 
cent, of caffeine, 12 })er cent, to 20 per cent, of fat, 
30 })er cent, to 37 i^r cent, of cellulose, and about 
4 per cent, of ash. 

Cocoa. — Cocoa, sometimes sjjclt “cacao,” 
is made from the seeds of the I'heobroma cacao, a 
tree of some size which grows in the West Indies, 
Brazil, Central America, and other parts. The fruit 
is elongated in 
shape and con- 
sists of five com- 
partments con- 
taining a sweet 
pulp in which 6. cacao fruit 

the seeds or 

beans are embedded [6]. The fruit is split in 
two and the beans separated from the surrounding 
pulp and spread out to dry on bamboo floors 
exposed to the sun. To rid them of a certain amount 
of adhering pulp, and also to improve the flavour, 
they are submitt^ to fermentation. For this pur- 
pose they are placed in wooden barrels, covered 
over with leaves, and left a day or two. The process 
is complete when the colour has changed from red 
to chocolate. The beans are then taken and washed 
to remove the adhering portion of pulp, and after 
drying are ready for cx^rt. The cocoa seeds or 
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boans are the raw material lor the manufacture of 
chocolate, ooooa, and various sweetmeats. 

Manufacturing Chocolate. The manu- 
facture of chocolate con^rises the following 
operations (Zipperer): (1) Storing, cleansing, and 
sorting; (2) roasting; (3) crushing, shelling, and 
removing r^iolea ; (4) mixing the different kinds 
of beans ; (5) grinding the b^ns until they yield 

homogeneous pasty mass when warmed ; (6) the 
incorporation of sugar and spices with the liquefied 
cocoa mass ; (7) trituration ny rollers ; (8) extrac- 
tion of air and division and moulding ; (9) cooling 
the finished chocolate. 

In general chocolate may be defined as a mixture 
of pure cocoa (free from shell or germ) and sugar, 
with the addition of cocoa butter, spices, vanilla, 
or other flavouring as required. 

The beans are first cleaned or roughly sifted, so 
that the dirt and fiat beans are separated out. 
A cocoa- bean cleaning machine may be used, and 
the clean beans are delivered on to a travelling web; 
and any stones or foreign substances which have 
passed the machine, being about the same size or 
larger than the beans, are picked out by hand. 

Roasting Cocoa-beans. The picked 
beans are next roasted for the purpose of developing 
the aroma, gelatinising the starch granules, and 
rendering the husk or shell brittle so that it is more 
readily removed; at the same time the astriu- 
gcncy is largely got rid of. The plant usually em- 
ployed consists of a roasting drum similar to that 
used for coffee, but the temperature required is 
lower, and should not exceed 130^’ C. to 140° C. 

The illustration [2] represents a gas cocoa-roaster. 
The revolving drum is heated externally, and the 
gas is mixed with heated air to render the combus- 
tion more complete. The beans are fed through 
the hopper at the end, and the inside of the drum 
is fitted with helical blades to ensure the beans 
being turned over and fed constantly to the centre. 
The heated gases and steam from the beans escape 
through the hollow shaft of the trunnion of the 
bearing. 

Separation of HuaK and Germ. After 
roasting, the beans ore delivered into a cooler below, 
the bottom of which is provided with a perforated 
plate so that air can be drawn through the beans 
by means of a fan. When sufficiently cooled, the 
beans are treated to separate the husk or shell and 
germ from the particles of kernel. For this purpose 
they are crushed, keeping the pieces of shell as 
large ns possible as this facilitates .subsequent 
separation. The cocoa nibbing, husking, winnowing, 
and germ-extracting machine is shown in 8. At 
the TOttom of the hopper is a nibber,” with two 
Dairs of rollers (seen on the right-hand side of the 
figure) to crock the beans, which are then taken up 
by the elevator and delivered into a revolving drum 
made up of six different sections of perforated 
metal, each of which is somewhat coarser than the 
lost. Each section is provided with a fan which blows 
iway the particles of shell, leaving the clean cocoa- 
nibs to fall upon inclined sheets fittra to each section. 
As a small amount of nib may be carried over with 
the shell, an intermediate chamber is provided. Into 
which it falls, most of the lighter husk being carried 
beyond. This chamber is fitted with a worm so 
that the mixture of nib and shell is returned to the 
hopper for treatment over again. About the centre 
of the drum the perforations are of such a size that 


medium-sized nibs and germ pass through together. 
They are conducted to inclined sieves and a perforated 
drum, by means of which the mrm is removed 
much in the same way as cockle is taken out of 
wheat (see Muxinq, page 3080]. Here it is the par- 
ticles of kernel lodge in the hollows of the walls of 
the cylinder, while the germ passes off as tailings. 

Grinding and Refining Machines. For 
whatever purpose the cocoa is required it is essential 
that it shoula be finely ground. For this purpose 
the French form of mill, consisting of two stones, 
a bed-stono and a runner on a vertical axis is usually 
employed. The action of this form of mill has been 
described in Paints and Polishes jpage 5i42J. 
Figure 4 shows a double stone cocoa-grinding mill. 

The cocoa, which is fed into the mi£lle, leaves the 
stones in a semi-liquid condition. The ^ound cocoa 
is not heated until it is liquid, when it is transferred 
to a melangeur or to a mixing and kneading machine, 
where the necessary sugar and spices are added. 

The stiff paste is then passed through chocolate 
refiners. These are built either with inclined rolls 
or are upright machines with rolls superimposed. 
Two upright refiners are shown [5] coupled together 
to form a battery. The refining process rrauces 
the chocolate to "a smooth conmtion ; it is then 
usually stored in blocks for some time in a dry room. 
Illustrations 2 to 6 are from photr graphs of machines 
constructed by Messrs. Joseph baker & Sons, Ltd. 

For conversion into tablets it is mixed or kneaded 
as required and passed through a weighing machine, 
which also compresses it ana extracts any air, and 
thence to moulds. For certain kinds of chocolate, 
especially if larger quantities of sugar aro added, 
an addition of cocoa butter is made ; but for some 
cheap ordinary chocolate this is replaced by a cheaper 
vegetable butter such as coco-nut fat, and the outer 
shell or husk of the bean, representing 20 per cent, by 
weight of the whole, is also ground up and utilisea. 
Milk chocolate contains a large proportion of con 
centrated milk, and a smaUer proportion of cocoa. 

Cocoa Powder. For use as the bevera^ 
commonly known as cocoa or soluble ” cocoa, the 
preliminary procjcsscs are carried out as we have 
already described : but at some stage the material 
is treated with weak alkalies, such as carbonate of 
soda, potash, or ammonia, and heated, the effect of 
which is to modify the cellular matter or saponify 
part of the cocoa butter in such a manner that, on 
mixing with hot water, the cocoa remains suspended 
instead of settling at once (so-called Dutch process). 

Some English manufacturers, however, do not 
use alkali and yet are able to obtain a cocoa quite 
as soluble as with the Dutch process, but perhaps 
somewhat lighter in colour, the effect of the alkali 
being to darxen the cocoa when in the cup. French 
makers are not allowed to use alkali. It is also 
necessary to remove a large proportion of the oily 
or fatty matter contained in cocoa — namely, the 
cocoa butter. This is carried out after roasting 
by hydraulic presses. Alto^ther the cocoa butter 
forms about half the weight of the seed. It is a 
white solid fat which melts at the low temperature 
of 30° 0., a little below the normal temperature of 
the body. 

Cocoa contains an alkaloid, theobromine, which 
is a oharaoteristio and important constituent. It 
is chemically closely alliea to caffeine, but its 
phj^iologioal action is stronger. 

llie amount of theobromine is usually about 

per cent. 
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otherwise “block-bottom” bag, with its bottom 
folded 80 that on filling it with little or no assist- 
ance forms itself into a square or oblong square 
package with a flat bottom (the satchd bag is 
also in this class); and (c) the “conical bag,” mat 
makes no pretensions to standing on end, but is of 
shape that affords ready access to the fingers. 

As regards structural formation, one thickness 
of paper only is the rule, 
but all are occasionally 
made of two thicknesses 
(lined bags), the outer for 
strength or display, the 
inner often of impervious 
material to retain the aroma 
of the goods or prevent con • 
tents exuding, or to protect 
the contents from exterior 
damp. Further, to separate 
the goods contained from 
contact with a coarse or 
highly-printed or coloured 
wrapper, a clean and taste- 
ful lining is often advan* 
tageous. 

Special Requlre- 
menta. Hand-made bags 
a re now practically confin^ 
to special requirements, 
such as bags of unusual 
size, elaborately printed 
bags, most kinds of lined 
bags, and bags which must 
not show certain peculiari- 
ties inherent to machine- 46. envelope 

made bags, or where the (Joseph Richm 

quantity ordered is small. 

To these must be added the output of firms who, 
by cheap hand labour, struggle to comi>eie with 
machinery. 

Flat “ formers” of tin or zinc are used by the 
hand -workers to fold the sheets of which the 
bags are made, and in the case of block- bottom 
bags a hinged flap is sometimes added to assist in 
making the “ diamond ” fold of the bottom. In the 
hand -making of self- 
opening satchel bags a 
collapsing “ former ” is 
used. In some cases the 
bags are made partially 
machine and par- 
tially by hand, the paper 
being folded and pasted 
by machine into long, 
flat tubes, and by it cut 
into lengths, tlie bottom 
being formed on these 
lengths by hand. < 

Except when they can 
be used without packing 
together for transport, 
bags, whether machine 
or hand -made, are al- 
ways made “ on the 
flat “ — that is, the 
tubular body and the 47. OUMBnNG MACHINE 
bottom are folded in the 

same state in which they are subsequently packed 
and transported in bulk. All kinds of adnesives 
are used in hand and machine work, wheaten paste 
predominating, dextrine and gums following next. 

Continuous Intermittent Mnchlnee. 
Paper -hag machines may be divided into three main'* 
tyi^es. Class I. comprises high-epeedf continuous 
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(compound style) in all thickness papers, and oblong 
block- bottom bags in medium and thick papers ; 
also conical bags (all thoknesses). The speeds of 
these machines on medium-sized bags range from 
120 to 200 per minute, small bags still faster, conical 
bags one -third slower. These machines always draw 
their supply of paper from 
a web of paper of suitable 
width wound into a roll. 
The usual maximum size 
for ordinary bags in this 
country is about 12 in. 
wide by 19 in. long, flat 
make, or its equivalent 
capacity in other shapes ; 
but in the United States 
and Canada bags of double 
. this size are met with. 
Conical bags are seldom 
used to contain more than 
i lb. of goods. Millinery 
bam are made up to 22 in. 
wide and of prox)ortionate 
length. 

Ci:i85 II. enmprisrs iVi/cr- 
mittent action machines, of 
the square block-bottom 
[52], oblong block -bottom 
[51], and one kind of 
triangular bag [‘-ee 60], 
drawing, as in Class 1., 
their supply from the web, 
UTTING MACHINE but Stopping the bag blank 

id & Co., Lfd.) one or more times during 

the process of manufacture, 
while the bag blank is cut otf from the web, 
the •• bottom ” folded, etc. 

The speed on medium-sized bags varies from 
35 to 60 per minute. The usual maximum size is 
the same as in Class 1. The formation of these bags 
is almost exactly similar to hand work, an export 
being required to point out the differences, which 
appeal more to fancy than utility. 

Class III. are machines 
which make from the 
sheet. A few hand-fed 
machines for making 
large flat millinery 
bags are used, with 
indifferent commercial 
success ; 20 to 25 per 
minute is their usual 
speed. These machines 
much resemble an 
ordinary folding ma- 
chine, with pasting 
arrangements added. A 
more numerous class 
make the hum quan- 
tities of block-bottom 
. bags i-equircd by the 
firms packing powder 
and grain goods. Those 
lo8cph Richiuond & Co., LUl.) machines automatically 
pick the sheet froni 
the pile by suction or by an adhesive arrange- 
ment, fold it into a bag on a block, and deliver 
it, distended, fit for removal to the packing- 
room. They ore necessarily operated by the flrmii 
themselves in the same factory in which the 
bags are used, be^’ause it would be impossible to 
transport the distended bags any distance. The 


maohines are slow (25 to 35 per minute), but the 
advantage of being able to use printed blanks, and 
the bags being distended readv for filling, compen- 
sate for their complexity and slowness. 

A few machines are in operation automatioallv 
“ working from the sheet,” which make both “ plain” 
and “ block-bottom ” bags in the flat,** but they 
are confined to large quantities of 
the same size of bag — nothing 
sufficiently universal and usefiS 
to the orainary bag-maker seems 
as yet possible in this kind of 
machine. 

The folding of the bottom of 
a block-bottom bag is le^un by 
moans of what is called the 
diamond fold — that is, the flat 
tube of the bag is pulled into a 
diamond, usually lengthwise, of 
the bag. The two V ends are then 
folded inwards to complete the 
bottom. The V in oblong bags has 
a flat point. As in continuous 
action machines, the block bottom 
is always oblong, one of the V's has 
frequently a projection cut from 
the preceding bag in order to make 
the final seal of the pasting of the 
bottom. Many peculiar kinds of bag bottoms and 
bag shapes are occasionally met with, rendering 
bag-making an interesting study. 

Pasting Machine-made Bags. The past- 
ing of all machine-made bags varies slightly from 
handwork pasting. All high-s}ieed continuous aetkm 
machines “ work from the web,” which is first 

pasted on one edge, hoi- 

lowed into a U-shape, 
then closed over, and the 
edges lapped and stuck 
to form a flat tube. This 
tube is subsequently cut 
by differing devices into 

bag lengths,” and the 
bottom formed on one 
end of them. A few 
machines for very large 
plain bags work with two 
webs of paper instead of 
folding the tube from a 
single web, the edges of 
one of the webs being 
hemmed over, and pastea 
to receive and join to 
the covering web, the 
other oi>erations being 
as usual. 

Another machine hems 
and pastes the edges of 
a single web, cuts off a 
length double that of the 
bag, and then “ dips ” 
or doubles that length 
at its centre, the two 
hemmed edges coming 
together and forming 
a complete bag with the 
(old of the bottom. 

Drying. Bags from high-speed machines are 
discharged from the machine to a drying device, 
usually a steam or gas-heated wheel 6r cylinder, 
where any paste which has exuded to the surface 
^ dried, and the bags are thus prevented from stick- 
ing together when piled. Tne hot cylinders also 
press the bags, give them a neat finish, and greatly 
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facilitate the thorough final drying. If a printing 
device is used, the regular delivery from t^ bag- 
forming apparatus is used for feeding the bags 
correctly to it. 

The best contra/ hags made on continuous action 
high-speed machines are of kite shape when flat 
[see 50J. This shape is a very convenient one to the 
shopkeeper. These bags can be' 
printed immediately after dis-j 
charge from the bag-forming 
portion of the machine, no drying 
cylinder bein'' required. 

Intermittent action web machines 
also draw from the roll, and in some 
instances tube it while being drawn 
to the cutting and bottom folding 
device. Others simply cut a sheet off 
the end of the web, and fold it over 
sideways before forming the bottom. 

Printing Bags. The best 
class of printed bags, especially 
those printed on both sides, are 
usually printed “ in the sheet,” 
and then hand-folded, unless made 
into the distended bags before 
alluded to, in which case it is possible 
to fold them by machine. When 
hand-making is adopted, bam that 
are printed are always treated “ in the sheeC* 

Plain bags and simple saUhd bags can b3 readily 
and cheaply printed on one side at formation by 
an automatic printing device attachable to the 
bag machine, the other side being printed subse- 
quently by ordinary process. 

Block-botto n bags cannot be satisfactorily 
_ printed after formation, 

• Jis the fold of the bottom 

covers much of the lower 

1 )art of the face of the 
>ag, and limits the space 
available for imprint : 
even when the trouble 
is taken to throw the 
bottom back too much 
space is lost. The de- 
livery also from the 
maeWe making them 
is not so regular as with 
the plain and satchel 
machine. 

PreTentiog the 
** Set-off.*’ Many at- 
tempts have been made 
to print the web from 
which the bag is formed 
cither in the bag machine 
itself or in the roll pre- 
viously, but w'ith in- 
different success. The 
bag and the imprint may 
be made to “ register,” 
but there is great diffi- 
culty in preventing the 
“ set-off ** from the im- 
print depositing itself on 
the rollers of the bag 
machine, which in turn 
re-deposit the ink they rob from the imprint of the 
bag on to parts of the bag which ought to m free from 
ink. By dis^msing the imprint so as to miss the draw 
and holding rollers of the bag machine, this may be 
obviated, but such limit of imprint is unsatisfactory. 
The imprint on a bag requires to be full and heavy, 
BO as to give good “display.** This, of course, 

6559 


LEADER ENVELOPE MACHINE 
(David Carlaw & Sons) 


APPLIKD OHKMI8TIIY 


“ Bets off * easily — ^not as in newspaiier printing, 
where the ink used is comparatively a mere trace. 
Even if the roll of paper from which the bags are 
made is printed montl^ before the bags are made, 
the ink does not harden sufficiently not to give 
much trouble. This “ set off ” trouble prevents the 
immediately consecutive printing of the bags 
perfecting/* as it is called) immediately at their 
discharge from the bag-forming portion of the 
machine. 

PAPER BOX.MAKING 

In making cardboard boxes, several different 
kinds of bo£^s are used. The cheapest and that 
most generally used is strawboard. Another board 
largely used is wood pulp, made from wood in 
Scandinavia, Canada, and Finland. Leather board 
is used in wire-stitched and 
metal - cornered boxes when ' — 
great strength is required. This yi 
board is made in Finland and u u 


board is made in Finland and ^ 

Scandinavia. iL - 

The first process with a Johns, - ^ ^ • 

Son, & Watts plant is cutting 
the boards into pieces of the j] y 

size required. This is done by If' 
passing them between two ^ ^ 

rollers, the upper roller being - , 

fitted with circular knives. 

Some of these are adjusted so fj 

that the board is only partly n j 

out through, or, oa it is called. 

“ scored.” The boards then 

pass through a second time at ~ 

a right angle to the first, and ^ 

are similarly cut and scored, y- 
the double process leaving the - a**^^*^~ 
board in pieces, as at A in 66, the 

dotted lines representing scored /^- 

marks. These pieces are put " 

in numbers before takhm out the - -s o a. 

comers, H anti C show the 
appearance after the comers ^ 
are removed. In 65, D shows 
the appearance of the board 
when bent along the scored 
lines. 

This process takes place only - 

with shallow boxes, the deeper ^ 

boxes being made in three ~ 
pieces to save material. The 
E)ody of the box in one piece 
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body of the box in one piece 

and the ends separate [E]. 60. typj 

The ends are then attached to 
the box by means of the strong paper or calico [FJ. 

On completion of process h, the box is in the 
flat, ready to be bent up along the score marks, and 
joined at the comers with calico or paper, according 
to the strength required. The covering is next put on 
after having been cut by a guillotine into pieces 
the sisse required. 

An endless band revolves down the centre of the 
work-table. At one end a girl glues the papers on a 
roller, places them on the band, to be taken off by 
the worker who requires them, as they pass, and put 
them on the boxes. 

The larger quantities of boxes, however, are joined 
up and covert by machinery. The box is bent up 
into position, and each comer in turn held on an 
anvil, the joining-up material being affixed by 
meam of a plunger, which cute the material off the 
requu^ length in the fixing. The box is now placed 
on^ another machine on a block, which ft an be 
adjusted to the size of box required. 
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On this machine a roll of paper cut to the width 
desired is passed over a glued roller and the end 
stuck to the box. The block revolves, gluing 
the paper to the box as it does so, and at the 
completion of the revolution the paper is out 
automatically. 

Fancy boxes are made entirely by hand, and are 
covered with artistically designed papers, or some 
material, such as silk, satin, or plush, and hand- 
painted, and decorated with metal to give a very 
pleasing effect. 

These are used for the sale of higher class con- 
fectionery, handkerchiefs, gloves, etc., and for 
presentation caskets at C ity dinners and such occa- 
sions. To improve the appearance of the straw- 
board, a white or colour^ enamelled paper is 
affixed, thus ensuring a clean and smooth surface. 

I^rge numbers of folding 
boxes or packets are made ; 
^ these are more convenient 

/Vt n for many purposes than the 

W -/ ordinary box, being cheaper 

- and taking up less room for 

ttorage. A stronger board has 
jj sometimes to be used, and if 

(y if strawboard is required, a strong 

is put on the board 
^ . w to prevent cracking. A strong 

^ j manilla board is commonly usei 

M w This type of box has a large 

^ consumption among chemists, 

«i». soap-makers, tobacco manu 

facturers, etc. The wire-stitched 
iQ ■ ~k and metal-comered boxes are 

ij us^ by milliners, drapers, 

tailors, and for postal pur}x>se8. 
Tho metal corners have serra- 
tions or teeth that grip intb 
the board, and a box made ih 
this way will sustain very great 
pressure. 

Cardboard rolls for post^ 
S. I and other purposes are ma£ 

I of common strawboard, by 

N. , coating one surface with glue 

' and rolling on a mandrel in con- 

\| tact with a revolving cylinder, 

which exerts great pressure, 

making a very firm and solid 
Eluted and corrugated 
packing paper is prepared from 
strawboard by nassing one 
OF BAGS portion between nuted rollers, 

whence it emerges in corrugated 
form. It then comes into contact with and is 
glued on to a thin strawboard. 

SOLVENTS FOR FIBRES 

An important industrial application of a solvent 
for cellulose, or a profound change as the result of 
chemical treatment upon cotton and other vegetable 
fibres may be said to date from the discovery of 
parchment paper. This the student con produce 
for himself in the laboratory by taking filter paper 
and plunging it under sulphuric acid previously 
dilute with from 20 per cent, to 25 per cent. Of 
its volume of water and cooled. The paper become 
transparent and swells up, and the fibres become 
gelatinised and would, if left in the acid, go in)bo 
solution. At an early stage, however, the paper U 
removed, thoroughly washed free from acid aim 
dried. The resulting product is a hard parchment- 
like material which retains its strength on wetting. 
This product is produced on a largo scale by 



passing a continuous web of water leaf pai)er 
through a bath which can be lead-lined, but is 
preferably of glass or porcelain. This bath contains 
the acid. The web then passes through a succession 
of baths containing water, which removes the acid. 
The first washings are recovered by concentration, 
the later ones are run to waste. The last bath 
may contain a little ammonia to neutralise the 
last traces of acid. The above 
parchmentising effect is not really a 
solvent action but a gelatinising or 
hydrating effect, the 
gelatinis^ fibres gluing 
themselves together with 
their own substances on 
drying. 

Cupramonium aa 
Paper Solvent. This 
is prepared according to 
the patent of D. C. R. 

Alder Wright (737, 1883). 

Towers about 12 ft. high are arranged so that a 
current of air can be successively blown through 
them. They are filled with fragments of copper 
turnings or crumpled up sheet and ammonia solu- 
tion. The air passing through oxidises the copper, 
which is dissolved in the ammonia, producing a 
blue solution. A good commercial result is got 
from 100 lb. to 150 Ib. 
of ammonia, and 20 lb. 
to 25 lb. of copper arc 
■contained in 100 gallons 
of the solvent. The 
student can prepare 
some of this solvent 
in the laboratory by 
pouring ammonia 
repeatedly through a 
funnel containing 
copper filings. If, at 
the same time, some 
cotton -wool is present, 
he obtains a cupra- 
nionium solution of 
cellulose. 

Willesden Paper. 

ply by ])assing a continuous web through a bath of 
the above solvent and drying off the ammonia, or a 
welded material of several ply is obtained by amalga- 
mating several thicknesses. Thus, if two or more 
sheets of pR]>er are dipped into the bath and pressed 
together while the suHace is still in a gelatinous 
state, they produce one 
compact mass. In order to 
recover the ammonia the 
paper or fabric is dried in 
closed chambers, the am- 
monia vapour from which 
is recovered. The paper is 
strong, durable, rot-proof, 
and less inflammable than 
ordinary paper. It has a 
pale greenish or bluish 
colour due to the pres- 
ence of copper, wnich, 
however, can be rendered 

colourless or nearly so by substituting zinc for 
copper. 

Viscose* Cross, Sevan, and Beadle discovered 
tliat vegetable fibres could be rendered soluble by 
treating successively with strong alkalies ana 
carbon bisulphite. This was patented in 1892, 
which patent has formed the nucleus of some very 
important commercial developments. Various 

1 O :8 
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classes of raw material can be used, such as rag, 
beaten to pulp and pressed into cakes, waste fibres 
from paper-mills, chemical wood pulp, but in the 
laboratory one can use either cotton -wool or, better 
still, pure filter Jfaper. 

The Mercerising Process. The first 
process is known as ** mercerisation,’* and in some 
coses is worked as follows : Well beaten paper pulp 
from rags or chemical wood is pressed to cakes 
containing 50 per cent, of moisture. These are 
thrown into an edge runner, ground up, and to the 

is added a strong 
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62. SQXTARE BLOCK-BOTTOM BAG BIACHINE 
This is prepared single as cellvlose thiocarbonate. 


68. MACHINE FOB MAKING OBLONG-BLOCK 
PAFBB BAGS (Strachan &, Henshaw, Ltd.) 


caustic soda solution. 
This causes the fibres to 
swell up like so many 
snowflakes, due to the 
action of the strong soda 
upon the cellulose, re- 
sulting in the formation 
of a chemical compound 
known as alkali cellu- 
lose. The discovery of mercerisation is an old one. 
due to Mercer, and has recently been made use of 
in connection with the textile industry ; but its 
application in this manner as a stage in the pro- 
duction of a solution of cellulose was unknown up 
to the time of the discovery of viscose. 

MaKIng Fibres Soluble in Water. The 
mercerised product, 
called often alkali 
cell lose., is put into 
convenient receptacles, 
where it is stored at 
a certain temperature 
away from the air. 
When of the right 
dc^ee of “ripening” 
it is transferrea to re- 
volving tubs or jars to 
which is added carbon 
bisulphite, - and at a 
given temperature the 
alkali cellulose and bi- 
sulphite interact, giving 
rise to a product ^own 
The original mass from 
being fibrous and spongy change gradually to 
sticky, buttery fragments of a bright yellow 
colour. This mass, if incorporated with water, 
produces a solution of cellulose thiocarbonate ‘of 
about the consistency of molasses, but varying in 
golden syrup to molasses, 
according to the manner 
in which it has been pre- 
pared, and the purpose for 
which it is intended. The 
above description may 
sound simple enough, but 
the various stages are far 
more complex in com- 
mercial practice. Thus, 
the exact kind of raw 
material used, its mechani- 
cal treatment, the exact 
pi-oportions of the ingre- 
dients, the temperature 
and the time allowed between each stage are all 
factors which have to be studied and controlled 
to suit the purpose for which the soluble mass is 
to be applied ; and it is of absolute 'mportanoe that 
such details should be minutely studied. Books 
have alreadv been written desding with this one 
product, and an examination of the Patent Office 
records shows the number of patents from time to 
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time taken out covering its various applications when finished to resemble silk, are called lustra 
and modes of inreparation. cellulose* 

To this solution the name of viscose** is given Improvements were made by Topham for filtering 
on account of its extremely viscous qudities, the solution by passing it through various filtering 
which cm be varied almost indefinitely according media to deprive it of every particle of dirt or fibre, 

to details of manufacture. Viscose, if stored, the plant being so arrange that every particle 

undergoes changes : in fact, the solution i^ under- of air is eliminated [57]. This is absolutely neoes- 
going a cycle of molecular changes the nozzles would other- 

From the moment of its forma- wise get blocked and the threads 

tion. It ultimately coagulates to V ji (o) (o)^ broken. The manner of manipu- 

a gelatinous or rubb^ mass. lation now is that a number of 

On immersing in water, and by / @ threads, perhaps 12 at a time, are 

occasionally changing the water, J drawn through a perforated plate, 

the rubbery mass is deprived of its — \ immersed in the setting solution 
chemical by-products, leaving a C j i ^ puUcy, and 

cellulose Jelly (hydrate of cellulose). ^ then are twisted together by an 

This on drying down by exposure ingenious spinning contrivance 

to the air (dehydration), becomes [E 67 and 53], where centrifugal 

a hard, homy mass (regenerated force is taken advantage of in 

cellulose), to which the name 54. descriptive diagram op giving thp filaments a pull and 

viscoid is given. OBLONG BLOCK BAG MACHINE ® twist; the threid is lad * s an 

Coagulation. The coagula- annular mr.s^ which is x)eriodi 

tion is accelerated by heat. Thus, if a thin varnish cally removed from the box. 

of the viscose on gin S'* be placed in an oven, in a few In the product on of art'fi''al silk nbsolute 
minutes it will be dry and coagulate. On plunging control in every respect was found to be essential. 


54. DESCRIPTIVE DIAGRAM OF 
OBLONG BLOCK BAG MACHINE 


this under cold water, a film is procured, which, on 
drying and pressing, is not unlike a collodion film 
in ap|>earance, but it softens more in water. 

The viscose solution can be used for impregnating 

cloth, paper, weM>ing and P i — 

various articles. On drying | ’ 't' J: “■ 

down, these products are ■ j M 

stiffened or sized and in i “ T i ill 

some cases found to possess 

waterproof qualities. One 

great fascination about 

this product is its protean j j 

qualities, which are con- ; I 

trollable by a variation of j 

the conditions under which ' ^ — 

it is manufactured. This 
makes the product an I) 

interesting, although a 55. diagrams ILLUJ 
difficult, study. 

Dissolved cotton as viscose con be thrown down 
from its solution by diluting, warming and agitating. 
The flocculent mass of cellulose so produced is 
(rvashed, chemically purified and drM as to a 
powder. Viscose has been worked in a plastic as 
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Thus, the rate of how had to be automaticallv 
regulated. This is done by a glass valve fitting 
a tube [C 67], and floating in the solution 
and covered on its surface with veins or spiral 
grooves, through which 

n solution finds its way, 

j causes the valve to rotate, 

— and by the jHisition of the 
float, the supply is auto 

I matically controlled, and 

* delivered in a regular 

..J — stream from the pump to 
I ;; the squirting nozzles. This 

I || valve can be set to alter 

rrrn — delivery according to 
I requirements. 

V Important improve- 

lATiNG BOXMAKING ments rapidly followed in 

all stages, including the 
preparation of the viscose, di8.solving, agitating, 
stirring, spinning, precipitating, and in the subse- 
quent treatment of steaming, washing, purifying, 
bleaching, drying, etc. 

Care Reauired in Spinning. It will 


well os a liquid condition by suitable machinery, readily be realised that the diameter of filament 
when it is capable of in- is dependent upon the pull or “ draft ** from the 

corporation with various - squirting nozzle in relation to the amount of 

plastic and mineral pro- solution paasing through 

ducts, as by the method of / X - p— \ orifices, and that 

incorporation patented by y / c more to do with 

Beadle. The resulting mass y M y ^ fineness of the thread 

when finished is capable of j / than the actual diameter 

conversion into articles re- 1 ^ of the holes through which 

scmbling in appearance H THt* f] / A passes. The lustre, feel, 

those made from ebonite, J n ^ (‘lasticiiy, and physical 

celluloid, vulcanite, ebony, ^ -p : qualities generally, are 

etc. ^ H !V * affected and controlled by 

Viscose Artiflcial ( 5 pi »'^ch considerations. But 

SiliL, OP Lustra CeU J*i- M apart from these, and the 

lulose. In 1894 Steam fe 57. viscose spinning chemical and physical quali- 

projected a solution of 50. spinning BOX PLANT ties of the liquid viscose, the 

viscose through a small processes that follow the 

orifice into a precipitating or setting solution, first formation of the thread produce profound 
which converted the liquid into a solid filament. modifications, sujh as stretching whiD steaming 
Visco^ has the )>cculiar property of being solidi- and drying under tension are important in their 


fied by such substances ns brine, sulphate of influences. The appearance of viscose filaments 
ammonia, etc., so that if a thin thread of liquid under the microscope affords useful data, and 
be projected into a bath of such solution, it throws light upon tne more exact manner of its 
becomes a solid thread. Products of this nature formation. The tendency is to the formation of 
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tu!>e8, with a fine capillary hole through the centre. 

The viscous filament, immediately on its first contact 
with the precipitating or setting agent, naturally 
sets on the outside. When dehydration takes place, 
the plastic interior accommodates itself to tho rigid 
exterior, hence a hollow thread is produced, unless 
the same is microscopically fine. A pull exerted 
upon the thread while it is in a semi-plastic con- 
dition — that is, before it is rendered insoluble by 
steaming — will neatly lengthen it, at tho expense of 
its diameter. This is the more readily understood 
with a hollow tube, hence the diameter may be much 
diminished by increasing the pull while the supply 
to the squirting nozzles is kept stationary. 

Viscose Filaments* The filaments are not 
necessarily circular ; in fact, magnified sections show 
them to be angular, due, no doubt, to their contact one 
with another while still in a mouldable condition. 

Exactly the same influences are at work in a state of 
Nature, as with flax and esparto fibres. When a bundle 
of fibres are pressed evenly together, either by reason 
of their internal growth and expansion or pressure 

upon them exert^ laterally, - 

the tendency is to the forma- 
tion of tubes, hexagon in sec- 
tion. Steam confined his 
attention to the problem of 
rendering viscose a homo- 
geneous product, discover- 
ing a suitable precipitant 
that would enable the spin- 
ning to be done at a high 
spe^, and investigating the 
physical changes that oc- 
curred during the ripening, 
and to devising meonanical 
appliances for producing a 
uniform product. 

In the course of develop- 
ment it became manifest 
that careful preparation of 
tho solution was of para- 
mount importance. This had 
to be attended to at every 
stage, and there is ns muon 
science and skill needed to 
accomplish this as is neces- 
sary in tho brewing industry, 
perhaps even more so. 

Ageing. We have al- 
ready stated that the viscose 

solution is undergoing mole- 58. sketn of VISCOSE SILK 

cular changes from its very 

inception to the time of its coagulation. For spinning, 
the solution has to imdergo a process of ageing, 
and further chemical treatment, and at the right 
stage it is spun so that the filament becomes coagu- 
late or solidified while still in a sol%ible condition^ nnd 
is subsequently rendered insoluble. This important 
advance we owe to Steam. Viscose silk [58] is now 
prepared in large quantities. It possesses the most 
beautiful lustre and excellent qualities for spinning 
and weaving. It takes colours either by adding th< se 
to the original solution or by dyeing the 1 anks or ske ns 
in suitable dye-baths. Its silky sheen or gloss results 
largely from the manner in which it is dried. Its 
physical qualities in comparison with those of real 
silk and other artificial silks, have from time to time 
been referred to io technical and scientific journals. 

Very much coarser filaments can be produced 
from viscose containing hair and fine gut. 

Tho actual production of factories for artificial 
silk was estimated (1004) at about 1,500,000 kilos, 

Papeb-makinq concluded; 



equal to 6 per cent, in comparison with the natural 
article. The production at first was slow, but there 
are now a number of factories producing the artifioJal 
product, and artificial silk, by one or other of the 
well-known processes, is likely to become one of the 
most important industries of the future. A minute 
examination of the history of these several pro- 
cesses is perhaps one of the most valuable object 
lessons to the young aspiring chemist. 

A monograph on Cellulose'* by Cross. Bevan and 
Beadle (Longmans, 128.), and later publications might 
with advant ige be consulted by students who desire a 
closer acquaintance of the chemistry of the subject. 

COLLODION SILK 

Such is the name given to artificial silk made in 
accordance with Chardonnet’s patent, and others 
who have had to do with the development of this 
industry. It is prepared by dissolving nitro cellulose 
in a mixture of ether and alcohol, and forcing it 
through glass capillary tubes, with fine orifices, 
into the air. The sal vent evaporates with sufiicient 
^ rapidity to allow the fila- 
ments to be wound up 
continuously, leaving the 
thread insoluble. This is 
the gist of the process, 
but in detail it is full of 
complexities, like that of 
the viscose product. 

Dr. Lehner, of Zurich, 
after investigating the 
various problems involved, 
found that, whereas ordinary 
collodion containing such a 
proportion of the pyroxylin 
(10 per cent, to 12 per cent) 
in solution is unworkable 
under the prescribed con- 
ditions, the ^ding of dilute 
sulphuric acid causes a 
molecular change, and gives 
the solution the requisite 
fluidity. With such a solu- 
tion, the conversion into 
thread is effected as follows. 
The solution, if carefully 
filtered, and free from ail 
bubbles, is caused to flow by 
way of glass tubes to a lower 
level, where it is delivered 
VISCOSE SILK through a much narrowed 

opening with a steady 
constant flow. The shorter limb ending in this fine 
orifice is contained in a glass cell, filled with water. 
On emerging therefrom the solution is at once 
coagulated to a transparent jelly of considerable 
toughness. On applying a slight pull to the jelly, 
grasped with the fingers or forceps, a thread is pro 
duced, anH on fixing the end to a light wheel revolv * 
ing at a definite rate, the thre^ is drawn off 
continuously of uniform diameter. Several threads 
being twist^ together in the usual way of silk 
throwing,** the artificial textile thread is produced. 
After being deprived of water of hydration, the threads 
acquire the high, white lustre of ** boiled-off ** silk. 

The **artificiid silk** has been found to have 
tensile strength equal to 70 per cent, of that of the 
natural product of the same degree of fineness. Its 
elasticity is inferior in about the same proportion ; 
but it has a higher lustre, and is product at much 
less cost. Its individual use is, tnsiefore, likely to 
be considerably extended in the near future. 

' followed by Photography 
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THE MOON AND THE PLANETS 

The Moon’s Orbit and Eclipses. The Braking Effect of the Tides. The Superior 
Planets. Life on Mars. ** Mountains Broken Loose.” The Perplexing Comets 


By W. E. GARRETT FISHER 


The Moon and Her Orbit* The earth, 
like most of the planets, has a satellite, known as 
the moon, which moves round it in an elliptioal 
orbit, just as the planets move round the sun. Its 
globe is rather more than one-quarter that of the 
earth in diameter, measuring 2,163 miles. It re- 
volves round the earth in an orbit, which, like that 
of the earth, is an ellipse ; but it is not so nearly 
circular as that of the earth, its eccentricity 
being about Thus, the actual distance 

of the moon from the earth varies from about 
2r>0,000 miles to 220,000 miles, while the mean 
distance is 238,840 miles, which is about 60 times 
the earth’s radius. The moon takes about 271 days 
to complete her revolution round the earth ; in 
other words, she makes a complete circuit of the 
heavens, from a given star back to the same star 
again, in that time. Her revolution with regard to 
the sun, however, on which her phases depend, is not 
completed in this period, because it is complicated 
by the earth’s motion round 
the sun. This sjfnodic period, 
of which we usually speak 
as a month, averages about 
20 i days, which is the mean 
period between successive new 
moons. The phases of the 
moon depend upon the place 
which she occupies with regard 
to the sun as seen from the 
earth, as has already been ex- 
plained in the case of the 
planets Mercury and Venus 
f27j. When the moon lies 
between the earth and the sun, 
the dark side is turned to us 
and the moon is new. When 
the earth lies between the sun 
and the moon, we see our 
satellite fully illuminated, and 
R|ieak of her as full. Her 
degrees of illumination vary 
steadily between these two 
extremes in the course of every fortnight. Every 
night the moon bears a different appearance, wax- 
ing through one-half of the month and waning 
through the other. 

Eclipses of the Moon* If the orbit of the 
moon lay in the same plane as that of the earth — 
the plane of the ecliptic — it is obvious that she 
would pass directly between us and the sun once 
in every month at the time of new moon, and would 
then oi^ure the sun for the length of time which 
she took to complete her transit. This does occa- 
sionally happen, and the consequent blotting out 
of the sun for a few minutes is known as a solar 
eclipse. Similarly, when the moon was full, the 
earth would lie in a straight line between her and 
the sun, and the earth’s shadow would blot the 
moon out of sight by depriving her of the ^lumina- 
tion by which alone she becomes visible. This also 
happens occasionally, and the result is a lunar 
edipse [80]. But, as a matter of fact, the moon’s 
orbit does not lie in the same plane with that of the 
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earth, but is inclined to it at an angle of about 5°. 
Consequently, the moon, when lying in the same 
direction as the sun, is usually a little above or 
below our luminary, and there is no eclipse. 

A solar eclipse can only take place, in fact, when 
the mom lies in the direction of the sun, or is new, 
near the moment at which she passes the node, or 
point at which her orbit intersects the plane of the 
ecliptic, which hence derives its name. The same is 
true of the lunar eclipse, which only occurs when 
the moon is close to one of her nodes at the time of 
being full, and, consequently,. passes into the shadow 
of the earth. It follows from geometrical considera- 
tions that there cannot be less than two or more 
than seven eclipses in a year, of which at least two 
must be solar. From the computed motions of the 
eirth and moon we find that the conditions which 
determine eclipses repeat themselves with great 
exactness after a period of about 18 years and 11 
days. This recurrence of eclipses was discovered 
from observations by the 
Chaldeans, who named this 
periotl the Saros, and were 
enabled to predict coming 
eclip8.‘.s by its use. 

Eclipses of the Sun. 
There is a notable distinc- 
tion between solar and lunar 
eclipses, which also depends 
upon the relative movements 
of the eartli and the moon. 
A lunar eclipse is visible 
from all parts of the earth 
where the moon is above 
the horizon ; and a moment’s 
thought will show us that 
this must be so, because 
an eclipse of the moon is 
due to the moon entering 
into the shadow of the 
earth, and is exactly com- 
parable to the switching off of 
an electric light. Wherever 
the moon can be seen at all — even from Mars 
— it will be eclipsed. But this is not at all 
the case with a solar eclipse, which only exists 
for observers who occupy a narrow belt of the 
earth’s surface. A solar eclipse simply means 
that the moon passes between us and the sun, 
and that the earth itself lies for a few minutes 
in the shadow of its satellite. Now, everybody knows 
that the breadth of a shadow depends u|K)n the 
relative size and distance of the object which casts 
it. The sun is incomparably larger than either the 
earth or the moon, and, consequently, the shadows 
which they cast are both conical, like the point of a 
pencil tapering off to an abrupt end. 

The earth’s shadow is much longer than the moon’s, 
in exact proportion to the relntive size of the two 
bodies. Thus the moon takes a considerable time 
to pass through the earth’s shadow, and may be 
totallv eclipsed ’for as much as two hours. But the 
mooriB shadow is only just long enough to reach 
the earth at all. The largest possible cross-scction 
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of the moon’s shadow where it roaches the earth’s 
surface is about 168 miles ; and as the shadow 
sweeps across the earth from west to east, it is only 
observers situated within a belt no wider than this 
who will see the sun totally eclipsed [26]. Outside 
this belt a partial eclipse will bo visible over a very 
much greater area, its size decreasing as the dis- 
tance from the belt of totality increases. 

The width of the eclipse-belt, and the consequent 
duration of totality, vary between wide limits with 
the distance of the moon from the earth at the 
moment of eclipse. The moon’s apparent size is 
very nearly that of the sun, each being a little over 
30 minutes in diameter. But these both vary with 
the distance of the earth from the sun and moon, 
and it sometimes happens that at the time of an 




28. ANNULAR SOLAR ECLIPSE 

eclipse the moon is so far away that its shadow does 
not quite reach the earth, and its apparent diameter 
is rather less than that of the sun. At such a time 
we see an annular eclipse [28], in which at the 
moment of greatest eclipse a bright ring of the 
sun’s disc is still visible surrounding the moon. It 
is on observations made during the brief duration 
of total eclipses of the sun that astronomers long 
depended for their chief knowledge of the solar 
constitution, and that they are still dependent for 
their study of that mysterious object, the corona. 

The Moon and the Tides. The gravita- 
tional attraction of the moon has a very important 
induenee on the earth in causing tides in the sea. The 
way in which these tides are caused will bo easily 
understood from a glance at the diagram [29]. 

We have seen that the attraction of one body for 
another varies inversely as the square of its dist^ce. 
As the waters of the sea on the side of the earth 
nearest the moon are nearer our satellite than the 
centre of the earth, the moon pulls these waters 
towards her with greater force than she exercises 
upon the body of the earth ; and as they are quite 
free to move, they are consequently heaped up in a 
kind of watery mound, which is highest on the spot 
vertically beneath the moon. In exactly the same 
way the moon attracts the earth more powerfully 
than the water which lies on its opposite side, ana 
so draws the earth away from that water, which is 
consequently heaped up into a similar mound on 
the point exactly opposite. Thus we have two 
simultaneous high tides, culminating at the two 
points of the earth which lie in a straight line with 
the moon, and, consequently — since the total 
amount of water in the seas does not vary — corre- 


sponding low tides at two points on the earth distant 
by 90® from these. 

If the moon were fixed with regard to the earth 
the tide would always be high at om,* set of 
places and low at another, but as the earth com- 
pletes a rotation in twenty-four hours, whilst the 
moon holds its accumulations of water in the same 
place, the high tide and low tide traverse every part 
of the seas, there being two high and two low tides at 
each place daily. Tf the earth w’ero a perfect sphere, 
uniformly covered with water, this state of things 
would be actually observed by its fishy inhabi- 
tants. But the configuration of its surface greatly 
complicates the actual motion of the tides, which 
are greatei’ or less, sooner or later, according to the 
shape of the coast line, as is explained in the course 
on Geoqraphy [page 656]. 

Spring and Neap Tides. The sun as well as 
the moon helps to create tides in our seas. Its mass 
is very much greater than that of our satellite, but 
so is its distance, and, consequently, the solar tide is 
only about two-fifths as high as that caused by the 
moon. When the sun and the moon lie nearly in the 
same straight line with the earth, and the moon is 
new or full, the solar and limar tides help one another, 
and we have extra high tides, known as spring tides. 
When the sun and moon lie at right angles to one 
another with regard to the earth, and the moon is 
in its first or last quarter, their tidal forces are 
opposed, and moderate or wcap tides result. It will 
readily be seen that the average height of the spring 
tide should be rather more than double that of the 
neap tide at any particular place. 

How the Day has Lren^thened. One very 
interesting effect of tides, as Sir George Darwin has 
shown, is to act os a brake upon the rotation of the 
earth. We have just seen that while the earth rotates 
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29. THE moon’s gravitational attraction 
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80. LUNAR eclipse 

a great mass of water is held still by the attraction 
of the sun and moon. This acts exactly like the 
brake which is used on the axle of a wheel, and 
by its friction tends to diminish the rate at which 
the earth rotates. In the early days of the earth 
this effect was much more considerable than it is 
at present, and Sir George Darwin has shown that 
tidal friction has len^hen^ the day from about three 
hours to its present length, and that the moon itself 
almost certainly once formed part of otu planet and 
was thrown off from it by the centrifugal force due 
to this extremely rapid rotation. When the earth 
was still in a liquid condition, tides were caused 
in its actual substance by the attraction of the sun, 
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find afterwards possibly of the moon, and the retard- 
ing effect of these gigantic tides, which may have 
risen as much as §90 miles in height, must have 
been immensely great At present there is ground 
for believing that the tidal friction is still exerting 
a retarding influence on the earth's rotation ; but 
this influence is exceedingly small, and it is practi- 
cally certain that the length of the day has not 
varied by so much as one-hundredth of a second 
since the dawn of astronomy 2,000 years ago. 

The Physical Condition of the Moon. 
As we have seen that the moon was originally a 
fragment drawn away from the earth, it is only 
reasonable to suppose that it is composed of the 
same materials. But it differs from the earth in one 
very important respect. Being so much smaller 
it has cooled moi*e quickly, and has probably 
passed through all the stages of planetary life, 
in the midst of which the earth is now. 

Few things are more certain than that the 
moon is a dead world. It has no atmosphere, 
so far as we know, and if one exists it must 
be more rare than the vacuum inside the incan- 
descent electric lamp. Such air and water as the 
moon must onco have 
possessed have been ab- 
sorbed into its substance 
or flown away into space. 

One consequence of its 
denuded condition is that 
the surface of the moon 
must undergo extremes of 
heat and cold. The side 
on which the sun is shining 
must be far hotter than 
the tropical regions of the 
earth, whilst the other side 
must endure the cold of 
empty space, which is very 
near the absolute zero of 
temperature. It is hardly 
necessary to add that, the 
moon cannot be the 
abode of any kind of life 
which we can conceive as 
possible. Life may once 
have existed there, but it 
is long extinct. 

The Face of the 
Moon. The moon is a 
globe about 2,163 miles in diameter, and its mass 
is about gj.j of the mass of the earth. Its density is 
about 3*4, that of water being taken as unity. The 
moon rotates on its axis in 27 days I'i hours, so 
tliat its day and night are each a fortnight in 
length. 1'his period is the same us that in which 
it revolves round the earth. The moon, conse- 
quently, always presents the same face to the 
earth ; though, as a matter of fact, wo are able to 
see rather more than a single hemisphere of the 
moon because of a certain oscillating motion of our 
satellite known as lihraiion. 

But there is a considerable portion of the moon's 
surface, amounting to more than three-eighths of 
the whole, which is f>ermanent1y invisible to the 
observer. Novelists have allowed their imagination 
to run riot about this invisible side of the moon, 
and have provided it with an atmosphere, flowing 
water, and inhabitants. But it is as certain as 
anything of the kind can be that the invisible half 
of the moon is perfectly similar to that which we see. 

The chief feature of the moon's visible surface 
is the numerous and often gigantic craters 
with which it is pitted [82 and page 1206]. 
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These objects, when observed through a telescope, 
or even a powerful fleld-glass, have a striking resem- 
blance to volcanic craters on the earth. They are, 
indeed, on a vastly greater scale, some of them being 
more than 100 mues in diameter. But there is 
little doubt that they are the remains of extinct 
volcanoes which once covered the moon with violent 
and long-continued eruptions. Probably the sur- 
face of the earth was once in a similar condition, 
but the existence of the various denuding agencies 
which our planet possesses have entirely changed 
the configuration of its surface [see Geology]. 
No distinct evidence of volcanic activity has been 
seen upon the moon in modern times, though a 
few obwrvers believe that they have, noticed very 
slight changes of this nature in progress. It is most 
probable that the moon is a dead world, affording 
a kind of prophecy of what the earth will be one 
day, when it also pmsiies a frozen and lifeless 
journey through space. 

Selenography. The surface of the moon 
has been studied and mapped on a large scale [81]. 
Its chief features arc three in numl&r ; (1) the 
numerous I'olmnic crater tt, such as Tycho and 
Copernicus, which are 
mostly named after dis- 
tinguished men of science : 
(2) the wide, dark plains 
which are known as /teas, 
because they were formerly 
thought to consist of 
water; (3) the curious 
systems of hri(jht streakf^t 
which radiate from many 
of these craters, of which 
the most remarkable ex- 
tend in all directions from 
the great crater Tycho, 
near the moon's south 
pole, and arc conspicuous 
even to the naked eye at 
the time of full moon. 
The student will find 
the names and description 
of these various features 
of lunar topography — 
adenography — in any 
good textbook of as- 

MAP OF THE moon’s SURFACE tr^oiny, but they are^ not 

siitnciently important to 
demand fuller treatment within our narrow limits. 

The Superior Planets. The superior 
planets are all more distant from the sun than the 
earth. They mclude five major planets — Mars, 
Jupiter, Saturn, Uranus, and Neptune — as well as 
a vast number of minor jilanets, of which nearly 
(HX) are known at present. These outer planets 
differ from the inner planets, Venus and Mercury, 
in the nature of their apparent motion. Instead of 
oscillating backwards and forwards across the sun, 
they all move, on the whole, steadily westward in 
respect to the sun's place in the heavens, and con- 
sequently rise earlier and come earlier to the 
meridian every night. It is obvious that they can 
never pass between us and the sun as the inferior 
planets do at the time of transit. 

The superior planets may appear in any part of the 
Zodiac, outside the limits of which, however, they 
never move. This is due to the fact that they all 
move round the sun in elliptical orbits outside that 
of the earth. When a planet lies beyond the sun in 
a straight line with tne earth it is said to be in 
conjunction ; when the three bodies arc in a straight 
line, but the planet is on the op|> 08 ite side of the 
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earth to the sun, it is said to be in op'poaition. Of 
course, we can never see the planet in conjunction, 
because it is only above the horizon in the daytime, 
when the light of the sun obscures it. The superior 
planets con be best studied when they are in or near 
opposition, because at such times they are nearest 
to the earth, and are also most favourably illumi- 
nated. They do not display phases like those of the 
moon. A necessarily brief account of the physical 
features of these various planets will now be given. 

Marst the Red Planet, Mars, the major 
planet which comes nearest to the earth, 
with the single exception of Venus, resembles 
the earth more closely than any other of the 
planets, and is most f.ivourably situated for 
our observation of all the heavenly bodies, except 
the moon. It is a globe rather more than half 
the size of the earth, its diameter being about 
4,200 miles. Its mean distance from the sun 
is 141,500,000 
miles, but the 
eccentricity of 
its orbit is so 
considerable 
that this dis- 
tance varies by 
more than 
26,000,000 
miles. When 
Mars comes 
nearest to the 
earth its dis- 
tance from us 
is about 
35,000,000 miles. 

At these favour- 
able moments its 
brightness is 
about equal ’to 
Jupiter, and 
only surpassed 
by that of Venus, 

Mars has a very 
pronounced red 
colour, which is 
supposed to bo 
due to the pre- 
valence of a 
rock like our 
red sandstone 
on its surface, 
or possibly to 
the colour of its 
vegetation. 

The Meet Likely Seat of Extra- 
terrestrial Life, when studied through a 
powerful telescope Mars reveals itself as havii^a 
physical constitution very like that of the earth [37]. 
It undoubtedly possesses an atmosphere, though this 
is much less dense than that of the earth, so that 
clouds are of very infrequent occurrence in it. Mars 
also possesses free water, which is collected into seas 
on its surface and gives rise to extensive caps 
of ice around its poles. These ice caps are observed 
to dwindle in summer, and increase in winter, so that 
their nature can hardly be doubted. The surface of 
Mars is divided, like that of the earth, into continents 
and oceans. The most peculiar feature in its land 
is the presence of numerous straight narrow markings 
which are commonly known as canals [86]. They 
are not indeed canals such as we make on the earth, 
for they must be at least 60 miles in width in order 
to be visible to us at all. But there is little doubt 
that they represent watercourses of some kind. 
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The most curious thing about these canals is that 
they are not always visible. They seem at times 
to disappear from sight and then again reappear, 
and this in accordance with the periraical changes 
in the Martian seasons. It has l^en plausibly sug- 
gested that the marks which we sec are not the actual 
watercourses, but the broad belts of vegetation 
which como into existence when the water is turned 
on to irrigate them, and die when it ceases to 6ow. 
It has even been , suggested that this periodical 
flow and cessation of water is duo to the enterprise 
of the hypothetical inhabitants of Mars. At present 
this theory rests on inference, but there is a great 
deal to be said in its favour, and the astronomers 
who have studied Mars most closely are most 
nearly convinced of its truth. We know that Mars, 
being an older planet than our own, is farther ad- 
vanced in evolution, and that it has readied tlic 
stage at which efforts far greater than any which 

mankind is yet 
called upon to 
put forth must 
be necessary for 
the preservation 
of life on its sur- 
face. Its water 
supply is already 
b c c o m i n g 
scanty, and some 
gigantic system 
of irrigation 
would undoubt- 
edly be nec?es- 
sary for its sur- 
face to continue 
fruitful. It is 
possible that the 
markings which 
we call canals do 
really represent 
such a system of 
irrigation, but 
we can hardly 
say more than 
this about the 
great problem of 
the existence of 
life in this 
planet. 

Satellite* 
of Mars. 

Mars has two 
satellites, which 
were only dis 
covered as recently as 1878, although theh 
existence and many of their characteristics had 
been strangely predicted by Swift in “ GulliverV 
Travels ** more than 160 years earlier. They an 
exceedlhgly small, swift, and close to the planet 
The outer one revolves at a distance of 14,600 
miles from the centre of the planet in a. littU 
more than 30 hours, whilst tne inner ybne i: 
at a distance of only 5,800 miles. and#4evolve6 
in 7 hours, 39*25 minutes. Mars itself rolates 
in 24 hours 37 minutes. Consequently, it-s innei 
satellite completes more than three revolutions in 
every Martian day. To a Martian observer it 
will appeir to rise in the west and set in the 
east, completing its apparent devolution in about 
11 hours ; for, of course, it involves in the same 
direction as that in which the planet rotates. It is 
impossible to estimate th^ size of such a tiny object 
with any accuraoy, but we can be sure that neither 
of the satellites is ixMbre than 30 or 40 miles in 
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diameter, and probably they are even smaller than 
this. Mars completes its revolution round the 
sun in 687 days, so that the Martian year is nearly 
double our own in length. 

The Minor Planets, or Asteroids. 

The space between Mars and Jupiter is occupied 


by a Strang and numerous 
swarm of i 


minor jdanets 
or asteroids. The first of 
these singular bodies was 
discovered by an Italian 
astronomer, Piazzi, on the 
first night of the nine- 
teenth century. Three 
others were 'discovered 
within the course of the 
next seven years, and the 
number now known is 
upwards of 600, most 
of which have been recog- 
nised by the record of 
their motion on photo- 
graphs of the sky. The 
four asteroids first dis- 
covered, Ceres, Pallas, 

Juno, and Vesta, are naturally the largest, ranging 
in diameter from 488 to 1 18 miles. 

Vesta, though not the largest, is considerably 
the brightest of the minor planets, and is 
occasionally visible to the naked eye. None 
of the other asteroids has a diameter so great as 
100 miles, and probably the majority of them are 
onlv 10 or 20 miles in diameter — mere “ mountains 
broken loose,” as they have been called. Most 
of these planets move round the sun in orbits 
which lie between those of Mars and Jupiter, and 
all of which intersect one another. There are a 
few exceptions to this rule, notably in the case of 
Eros, discovered in 1898. The orbit of this planet 
lies between Mars and the earth, and it is by far 



is the brightest of all the planets except Venus, 
which, though so much smaller, is much nearer to us 
and letter illuminated. Jupiter rotates on its 
axis in rather less than ten hours, so that a point on 
its equator must be travelliM at the rate of seven 
or eight miles per second. Its surface varies con- 
siderably from time to 
time, as seen through a 
telescope, and it is con- 
sequently concluded that 
what we see is really a 
surface of clouds. The 
great size and small 
density of Jupiter have 
led astronomers to believe 
that it is still in a con- 
dition somewhat akin to 
that of the sun — thit is, 
that it has not yet soli- 
dified into a planet like 
the earth. Its tempera- 
ture must be very great, 
though it is not so hot as 
to give out any perceptible 
light of its own. The most 
important marking on its siu-face is the great red 
spot which has been visible more or less in the same 
place since 1878, but no satisfactory explanation 
of its character has yet been given. 

Jupiter has at least seven satellites, four of 
which are large enough to be seen with a good 
field-glass, and were among the earliest discoveries 
made with the telescope of Galileo. The fifth 
satellite was discovered by the great Lick tele- 
scope in 1892, and is very much smaller than 
the others ; the sixth and seventh were discovered 
by Professor Perrine in 1904-6. 

Saturn. Batum is the outermost of the planets 
visible to the naked eye, and known to the ancients. 
Its mean distance from the sun is about nine and 
a half times that of the earth, or 886,000,000 
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ntruoture, but consist of swarms of tiny meteorites, 
like the shooting stars which occasionally flash into 
our atmosphere. They must form a wonderfully 
beautiful spectacle if they could be seen from the 
surface of the planet which they adorn — a vast arch 
of lieht stretching from side to side across ^e sky 
and brilliantly illuminated through a groat part of 
the planet’s night. In addition to these rings, 
Saturn has no less than ten satellites, the largest of 
which is about half the sise of the earth. With one 
exception they revolve in the same plane as the rings. 

Uranus/ The two outermost of the planets were 
not known to the ancients. Uranus was the first 
planet discovered in modern times, being found by 
Sir William Herschel, in 1781 . whilst he was sweeping 
the heavens with a seven-inch reflecting telescope 
of his own construction. It had frequently been 
observed before, but had always been mistaken 
for one of the fixed stars. But when Herschel saw 
it he recognised by the visible disc which it pre- 
sented that it must belong to the solar system, and 
following observations proved that it was a planet 
lying beyond Saturn. Its mean distance from the 
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sun is 19 ’2 times that of the earth, and it completes 
a revolution in its vast orbit in 84 years. Uranus 
can occasionally, on a moonless nighl, be made out 
by a very keen eye, as a star of the sixth magnitude, 
and certain early traditions about an eighth planet 
are supposed to imply that its true nature had thus 
been jH5r(^cived by very primitive astronomers. Its 
mass is about 14 ‘6 times that of the earth, and its 
density is not (juite double that of water. Little is 
known of its physical constitution ; even its dia- 
meter has not been measured with any cert»iinty, 
though it is probably about 30,000 miles. Uranus 
has four satellites, and possibly faint rings like 
those which encircle Sativn. 

The Discovery of Neptune, The dis- 
covery of Uranus was a happy accident, but that of 
Neptune was the greatest triumph of mathematical 
astronomy since the time of Newton. After the orbit 
of Uranus bad been fullv calculated, it was found 
that the actual motion of that planet did not quite 
agree with prediction. It began to strav from its 
allotted plaoe to an extent which was almost per- 
ceptible to the naked eye, and which astronomers 
consequently had to explain. The only valid 
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ei^lanation was that there must be an unknown 
planet still further from the sun than Uranus, whose 
attraction perturbed that planet, and so drew it 
away from its predicted motions. 

Shortly before the midclle of the nineteenth century, 
the problem of determining the place of such 
a planet from the trivial disturbances which it 
caused in the motions of Uranus was independently 
attacked by two astronomers — Adams, of England, 
and Le Verrier, of France. They both succeeded 
in solving it almut the same time, though it was 
the calcmations of Le Verrier which first enabled 
Galle’s telescope to be pointed to Neptune, in 1846. 
The discovery of this planet was a rcmarkuble con- 
firmation — if such had been needed — of the truth 
of Newton’s theory of the planetary movements 
under the law of gravitation. 

Neptune. Neptune is quite invisible to the 
naked eye, though it can just be seen with a good 
field-glass. Its mean distance from the sun is about 
2,800,000,000 miles, and it takes 165 years to 
complete its orbital revolution. Its diameter is 
probably about 30,000 miles, and its mass is about 
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17 times that of the earth. Its density is about 
equal to that of Uranus — one- third that of the earth, 
lathing is known of its rotation or physical ocmstitu- 
tion. It lies on the coniines of the solar system, and if 
it were inhabited — which seems impossible — the sun 
would look to its people no bigger tnan Venus at her 
nearest approach to the earth, though the light which 
it gave would still be equal to that of 700 full moons. 
Neptune has one satellite, whose motion is even 
more irregular than that of the satellites of Uranus. 

Cometa and Meteorites. In addition 
to the planets and their satellites, the sun is attended 
by a lar^ number of other bodies, moving with far 
less regularity, andjronerally much less conspicuous 
in the heavens. These are known as eomeis and 
meteorites or shooting stars. One of the most inter- 
esting of recent astronomical discoveries is that an 
intimate physical connection exists between these 
two classes of bodies. 

Comets. Comets have been known from the 
earliest times, because every now and then a very 
large and conspicuous one hastens up to the sun 
from the remote regions of space, and perplexes 
monarchs with the fear of change. They are called 
comets, from the Latin coma, meaning hair, be- 
cause when they are bright 

enough to be seen with 
the naked eye they look 
like stars attended by a 
long stream of hazy light, 
which was thought to 
resemble a woman's hair 
flowing down her back 
[85]. This train of light is 
known as the comet’s tail. 

Such bright comets, of 
which the last visible in 
our latitudes made its 
appearance in 1893, are 
sometimes as brilliant as 
Venus ; their tails have 
been known to stretch half- 
way across the visible sky. 

These comets are very i 
beautiful and conspicuous 33. xhe CO 

objects, which usually 

appear in the sky without, any warning from 
astronomers, and invariably create a great popular 
sensation [^]. By far the ^atest number of 
comets, however, are only visible through a tele- 
scope, and it is rare that a year passes without at 
least half a dozen of these being reported. Up to 
the present time nearly a thousand comets of all 
sizes have been recorded. Not more than one in 
five of these is visible to the naked eye. 

Cometary Orbits. In all cases in which a 
comet has been observed sufficiently often for its 
orbit to be calculated, it is found that it moves in 
one of the curves which are known to the geometer 
as conic sections. Less than a hundred of ^e known 
comets move like the planets in elliptical orbits, and 
consequently their periodical return to visibility 
Can be predicted. As a rule, the eccentricity of these 
cometary orbits is ve^ much greater than that of any 
planetary orbit, which means that the comet ap- 
proaches fairly close to the sun at one end of its 
orbit, but at the other flies away far beyond the 
outermost planet, and for a long period disappears 
from the ken of our most poweitul telescopes. 

The great majority of comets have only been seen 
once, and their orbits appear to be either parabolic 
or hyperbolic. Neither of these is a closed curve, and 
what seems to happen in such pases is that a 
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comet travelling in such an orbit dashes up to the 
sun from the remote parts of space, swings round it, 
often at very close quaurters, and flies away again 
for ever [84]. Only those comets which have ellip- 
tical orbits can be said to beloflg to the solar system. 
The others are visitors from space, which in the 
course of their motion come near the sun and are 
deflected by it, but then fly away until after a lapse 
of ages they perhaps come within the sphere of 
another stars attraction. Of the comets which move 
in elliptical orbits, about twenty have been observed 
at more than one return to the sun. Some of these 
complete their orbits in quite a short period, like 
Encke’s comet, which has the shortest period of all, 
less than thr^ and a half years; the longest 
periodical comet is known as Halley’s, which returns 
to the sun after 70 years and is due again about 
1910 ; it is a bright and conspicuous object. 

The Constitution of Comete. The nature 
of comets was long in doubt, and even to-day their 
physical characteristics are not fully understood. 
They are certainly formed of gravitational matter, 
since they move in orbits which are subject to the 
same laws as those of the planets. But they also 
appear to be acted upon by powerful repvlaivt 

forces emanatinj^ from the 

sun, to which is due the 
remarkable phenomenon of 
cometary tails. At first it 
was supposed that a comet 
and ito tail consisted of 
what we know as solid 
matter. But the observed 
facts are quite inconsistent 
with this theory. 

A comet’s tail, which 
stretches for many millions 
of miles, is always directed 
away from the sun, and 
when the comet swings 
rapidly round the sun the 
whole of this tail follows 
its motion in such a way 
that it is quite impossible 


to sup^se that it consists 
of any kind of matter with 




ot any kind oi matter witn 
which we are acquainted. The probability is that 
these tails consist of highly rarefied matter thrown off 
from the comet under the influence of a repulsive 
force emanating from the sun which is probably elec- 
trical in its nature. The degree of rarefaction of the 
matter comiiosiag these tails is probably ^ater 
than that of any vacuum which we can produce in 
our laboratories, and its luminosity is due to 
similar causes to those which produce the glow in a 
vacuum tube through which an electric current is 
passed. The extreme tenuity of comets is proved 
oy various facts, such as that the earth is known to 
have passed right through the tail of a comet 
without any apparent effect, that the close approach 
of a comet to a planet causes no apparent alteration 
of the planet’s motion, and that small stars can bo 
seen shining brightly right through a comet as much 
as 100,000 miles in diameter. Perhaps there is not 
much exaggeration in the statement once made by a 
well-known astronomer that the whole material of a 
comet stretching halfway across the visible heavens, 
if properly compressed, could be packed in a hatbox. 
The old fear that the earth mi^ht suddenly be anni- 
hilated by a comet striking it m throughly dispelled 
by modem investigation, which leads us to believe 
that the worst results of such an encounter would 
be an extremely beautiful display of shooting stars. 
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I^ETAliS are coated for two reasons — to prevent 
gradual destruction by corrosion and for pur- 
poses of ornament. Usually both reasons operate, 
and, consistent with the proper protection from 
corrosive influences, appearance is usually given 
the deciding voice. Some processes of protecting 
metals, including galvanising [page 6168J and 
tinning [page 61(>4], have already been described 
in detail, and wo shall therefore ignore them in the 
present consideration. We shall notice briefly the 
fundamental facts regarding the other jirocesses; 
and we shall consider first the protection of iron and 
steel by painting when protection and not appear- 
ance is the object sought. 

Corrosion. Iron has an affinity for oxygen, and 
the result is oxide of iron, which we know as rust. 
Moisture accelerates the formation of rust, and 
precautions must be taken to avoid this. In pro- 
tecting beams which are embedded in masonry 
lime is used to advantage, and we consider this and 
some other methods of treating structural steel work 
further on. Asphalt is the most satisfactory 
coating for such situations. The asphalt used 
should be naturally soft or may be made soft by 
reducing a hard asphalt with a heavy mineral -oil. 

For cast-iron water pipes the common protection 
i^.a coating of Dr. Angus Smith's solution [see page 
53jf() j ; but the process does not give satisfactory 
results with steel pipes, chiefly because steel pipes 
are thinner and do not retain long enough the heat 
necessary to cause Angus Smith’s solution to 
form a hard, impenetrable film upon the surface. 
Steel pipes are b^t coated with asphaltum reduced 
to an elastic varnish by the use of oil, and baked on 
hard in an oven. On a largo scale the work is 
j»erformed most economically by dipping, the 
dipping tank being of a form to suit the wo^. 

Painting Iron and Steel. Iron oxide and 
metallic brown paints should never be used with 
iron and steel. Such paints are merely iron in a 
more or less advanced stage of oxidation ; in other 
words, rust. Rust promotes rust. Iron oxide, even 
in the form of paint, conveys oxygen from moist 
atmosphere to the metal, and becomes a vehicle 
for the s])read of rust. Zinc oxide paints also are 
found to peo! off, and sa'vation is found in oxide 
of lead paints. Red lead forms with linseed oil 
a hard elastic coating thivt adheres to the metal 
surface with great tenacity. Its only chemical 
effect is to promote the formation of black or 
magnetic oxiae, that prevents corrosion and does 
not act 08 a communicating medium for atmo- 
spheric ox^en. Red load in oil “ sets ” much as 
plaster of ftris sets when mixed with water ; and 
just as plaster of Paris cannot be worked to advan- 
tage after it has partly set, so a red lead paint should 
not be applied when the process of setting has 
progressed some way. The usual practice in larg3 
shipyards — these may be selected broause the work 
in them demands the best -known practice — is 
that the red 'ead is mixed with just enough linseed 
oil to form a stiff, tough paste, which will keep for 
several days without hardening. This paste, when 
required for use, is thinned down with a proper 
proportion of pure linseed oil and applied at once. 


care being taken to leave no paint in the pots over- 
night. By this method the lead and oil set ” 
on the surface of the metal, and the adhesion is 
thereby more tenacious than it would be otherwise. 
The best mixture is 5 lb. of pure linseed oil and 
18 lb. of red lead, which make one gallon of paint, 
and can be made to cover 500 square feet as a 
first coat, or 600 square feet as a second coat. 

The advantages of red lead as a paint for iron 
and steel are ttiat it dries easily with raw linseed 
oil without the need for the addition of any “ drier,” 
that after it has dried it forms an elastic coat 
capable of ex^mnsion and contraction with the 
metal, that it does not impart or convey oxygen 
to the surface upon which it rests, and that it 
hardens without shrivelling, making a tough and 
insoluble covering. 

All varieties of driers impair the value of any 
paint applied to iron and steel. The natiure of all 
driers is acid, and any acid will ultimately induce 
corrosion or oxidation of any iron surface to which 
it is applied, thereby lessening the stiibility and 
protective properties of the applied coating. 

Corrosion by Sea 'Water. Industrially, no 
process of coating metals is more important than 
when the objects coated have to withstand the 
action of sea- water. Utility is the first consideration, 
and artistic effect, while not negligible, is of much 
less importance. A few years ago extended tests 
were made upon steel and aluminium plates in 
Brooklyn Navy Yard, under the care of scientific 
authorities, in order to determine the most satis- 
factory coating to resist sea - water corrosion. 
Seventy- two pUtes were immersed in the sea and 
withdrawn. Sixty of them were left for thirteen 
months, and twelve of them were subjected to 
nineteen months’ immersion. A careful examina- 
tion of them after withdrawal was instructive, 
and led to certain definite conclusions, which may 
be summarised as follows : "Whatever pigment is 
used for sea work, a more durable coating results 
if varnish is the vehicle than if oil be used. Further, 
a varnish coating, or a pigment and varnish coating, 
withstands sea-water action better when baked on 
than it does when only air dried. Zinc- white was 
found to be more durable than any other piment 
used in the test, and finally enamel coatings, baked 
on at high temperatures, were proved more durable 
than a^y other coating. 

Anti-fouling Paints. In the old days of 
wooden ships, the hulls used to be sheath^ in 
copper to give anti-fouling properties, but when 
iron and steel plates superseded wood for ship- 
building purposes, copper had to be discarded. 
When a plate of iron or steel and another of copj^r 
are joined or in mechanical contact in any acidu- 
lated solution of water, such as sea-water, the iron 
becomes electro- iiositive to the copper, and corrodes 
rapidly. The value of copper lay in the fact that it 
protected the wood beneath it from the action of sea- 
water, and because it constituted a substance with 
anti-fouling poperties ; that is to say, that marine 
organisms did not readily attach themselves to it. 
The anti-fouling paints or compositions now used 
are legion. Many of them are secret preparations, 
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and others are the subject oi letters patent. Most 
of them are .sold under proprietary names. 

The essentials in a paint for ships’ bottoms 
are that it must be of a nature capable of protect- 
ing the surface of the hull from corrosive influences ; 
it must form a smooth surface, so as to offer as 
little friction to the water as ]>o8sible ; and it roust 
be a rapid dryer, so that the bottom may be cleaned 
and two coats of paint applied in one day. Tho 
compositions used must be adapted to the waters 
through which the ship has to make her way. 
For instance, the waters of the Indian Ocean are 
more fouling than those of the Atlantic, and a com- 
position for use in the former ought to have a higher 
percentage of a ]X)i8onous ingredient. The harder 
the paint on a ship bottom, the longer it will last. 
The use of shellac dissolved in spirit gives a coating 
of the necessary hardness ana adhesive jjowers. 
The second or external coating should contain a 
poisonous ingredient that will kill the marine 
organisms seeking to adhere to the hull surface. 
Zinc-white, arsenic, copper, and quicksilver have 
all their use in different compositions. The more 
scaly the composition the more frequently must it 
be renewed. In spite of this so iling, such com- 
positions are usually preferred, because as they 
scale they carry away w'ith them any attached 
organisms. 

Before applying a ship paint, the surface to be 
treated must be cleaned. All ru.st must be re- 
moved. Better results are attained by a poor 
paint on a well- prepared surface, than by a good 
paint on a badly prepared surface. Among the 
patented anti-fouling comjHMiitions we may mention 
the follow ing : 

1. Bitumen, lime, fine sand or Portland cement, 
and flaky mica — melted together and applied hot. 

2. Mix 32 parts of quicksilver with 1 part 
sulphurised oil of turpentine by grinding in a 
mortar ; add 60 parts of lard and mutton tallow, 
working the whole into a homogeneous mass. Finally, 
add 20 parts of litharge which has been ground 
up in oil. Before using, reduce to proper consistency 
by stirring in gradually linseed oil, varnish, and 
3 i)er cent, of peroxide of manganese. Any pigment 
may be introduced to colour any desired shade. 
This composition is said to be an effective deterrent 
to the lodgment of barnacles. 

3. Tallow, 40 parts ; resin, 10 parts ; nitreous 
sand, 10 parts ; arsenic, 1 part. Melt together, 
and mix well. 

(’e’luloid promises to be a valuable coating 
material for ship hulls (see under Dyeing], when 
the prejudice against it has been dispelled. 

Protecting Structural Steel. Apart 
from shipbuilding work, there are many purposes 
for which iron and steel must have a thoroughly 
protective coat of paint. An important field is for 
structural steel buildings, which are common in 
other countries, and which are bound to b come 
common in this country whenever the restrictive 
building laws which prevail with us have been 
modifled so as to make the form of construction 
economically possible. In structural steel work, 
the steel joists are almost invariably embedded 
in cement, or covered with wood, stone, or plaster, 
so that it is impossible to give them periodical 
coats of paint as may be done with, say, a bridge 
or a ship’s hull. Hence the need at the time of 
building to make the pigment covering as durable, 
AS impenetrable, and as free from aiw agent of 
corrosion ns can possibly be done. The extent 
to which steel-frame buildings can maintain their 
strength under different methods of protection 
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has for been a matter of conjecture and 

theory. The method of construction is not old 
enough to furnish precise data regarding corrosion 
under different condition. Hence peculiar value 
attaches to the examination of buildings which 
suffered by the San Francisco earthquake and Are 
last year. 

L»essoM from San Francisco. San 

Francisco was a city with many steel-frame build- 
ings, and the new San Francisco will follow this 
method of construction almost exclusively. From 
the point of view of investigation, the building 
whion attracted most attention when the ruins 
came to be examined was a nine-storey insmance 
office, which was erected in 1893, and h^ therefore 
done thirteen years of duty. The rust or freedom 
from rust of the members of the steel framework 
after thirteen years of use was the point upon 
which precise information was sought by architects 
and others. There was very little rust indeed when 
the steelwork was exposed. Where the steel wag 
covered with lime only, there was found to be a 
little more rust than when Portland cement and 
lime had been used together. Where there waa 
rust under the paint, it is thought that care was 
not exercised in having the surface clean at the 
time of painting. But, generally speaking, the 
freedom from rust was so general, and the con 
dition of the members so satisfactory, that all th« 
co'umns, beams, tie rods, and bolts were sold fox 
use in new buildings in the vicinity. 

From the whole experience certain conclusions 
are drawn regarding steel -frame buildings, and 
some of these considerations are briefly as follows : 

A steel frame, properly painted and buried in 
masonry, will not rust enough in thirteen years to 
affect its strength appreciably. The better the 
steel is coated with mortar, tho less it will rust 
Portland cement is better than lime mortar foi 
imbedding steel to prevent it from rusting. Uu 
painted iron rods buried in mortar composed ol 
lime and a large proportion of Portland cement 
rust very little — certainly not enough to impaii 
their strength. If steel is not thoroughly cleaned 
before it is painted, the paint will not greatly retard 
the progress of rust. It is much easier to cover 
steel thoroughly with concrete than with brick 
masonry. If brick masonry is to be used, the 
bricklayer should plaster the steel thoroughly l^fore 
tho brickwork is put up. The quality of paint 
used, though important, is not so important as 
surrounding every part of the steel with Portland 
cement. Cinder concrete does not injure to the 
slightest degree a steel floor-beam that has been 
painted. 

Paint for Tin and Zinc. In this country 
tin is not used as a rooflng material But in othei 
countries — conspicuously in Canada — tinplate is an 
exceedingly common rooflng material A common 
paint for tin roofs, when they are treated with 
aint, is mode by mixing Venetian red, Spanish 
rown, or yellow ochre — or these in combination 
according to the colour desired — with pure raw 
linseed oil Such a paint attains a great elasticity, 
which enables it to expand and contract with the 
metal without cracking. As tin roofs are generally 
used only in countries subject to wide extremes of 
temperature, this property is valuable. 

It is extremely difflciilt to persuade oil colours to 
adhere to zinc owing to the coating of zinc oxide. 
But zinc seldom needs painting for protection, os 
it does not corrode under atmospheric exposure. 
By means pf a special treatment zinc is said to be 
made capable of taking on an oil paint satisfactorily. 



This treatment consists in the application of 
a mordant made by dissolving 1 part each of 
chloride of copper, nitrate of copper, and sal ammo- 
niac in 64 parts of water, and thereafter adding 
1 part of hydrochloric acid. Under this treatment 
the zinc first becomes a deep black, but during 
the drying process this changes to a grey, to which 
oil colours will adhere satisfactorily. 

Cleaning Metals* No matter what process 
of covering metals is to be adopted, it is essential 
that the chicle to be coated should be cleaned if 
good is to result. There is no exception to the rule. 
Rust, dirt or grease prevent intimate adhesion, 
no matter whether the coating be paint, enamel, 
or another metal to be deposited by simple immersion 
or by electric deposition. The meth^ employed 
for cleaning iron and other metals before galvanis- 
ing and tinning have been considered on pages 0154 
and 6109, and generally speaking, those methods 
apply to all metals upon which a fine finish is desired. 

The usual method of cleaning for good work is by 
pickling or immersion in an acid bath, and the usual 
pickle is sulphuric acid and water (1 in 20 to J in 30). 
Where sand has to be removed, as with cast iron 
sometimes, hydrofluoric acid is better as it dis- 
solves the sand (silica) and is not active upon the 
metal. After pickling the work must be washed 
well with water so as to remove any trace of acid. 
Where the article is greasy, a solution of caustic 
soda or of caustic potash in water is the best 
means of removing the grease. It is best applied 
hot. When rust has to be removed from iron or steel 
a good mixture to use is made by mixing 1 part of 
hydrochloric acid and 6 parts of sulphuric acid in 1 
gallon of water ; then when the rust has been removed 
another bath made by dissolving 4 oz. of zinc sulphate 
in 1 gallon of water and by adding 16 oz. of sulphuric 
acid completes the cleaning process. Corroded 
brass or copper is best cleaned by dipping it into 
a mixture containing 3 parts of nitric acid, 6 parts 
of sulphuric acid, and 8 parts of water. Corroded 
zinc may be cleaned by dipping into an acid bath 
with 1 part of sulphuric acid, 2 parts of hydro- 
chloric acid, and 160 parts of water. For dirty 
lead, tin, and pewter a hot caustic soda solution 
is best. 

Polishing Metals. For work of a high order 
such as enamelling and plating the mere removal 
of rust and grease is not emmgh. It must be polished 
if the resulting surface is to be excellent. There arc 
many methods of polishing. Sand blasting we have 
described elsewhere (see page 0314]. It is used 
chiefly for brass and other soft alloys. Other pro- 
cesses are stone and emery grinding, scratchbrushing, 
and buffing. The methods adopted depend upon 
the condition and nature of the work and upon the 
finish desired. Preliminary processes where the 
surface is coarse consist of grinding upon an emery 
or corundum wheel fsee page ii3l4J. For finer 
work polishing lathes are used. These have 
circular wire brushes, hair brushes, leather bobs, 
felt bobs, or cotton bobs revolving at high speed. 
Wire brushes ore usually lubricated with some 
liquid such as stale beer, the object being to keep 
the brush from becoming too hot and to prevent 
it from cutting into the metal. With the other 
forms of brushes or bobs, polishing powders or 
polishing oompositions are used. The usual best 
IM'octice is to have the polishing material in the form 
of a cake and to apply it to the bob simply by 
holding it in contact as the latter revolves. The 
materials are composed of rottenstone, pumioestono, 
emery in various degrees of fineness, crocus, tripoli 


powder, and rouge. Tripoli is used coarse, for 
instance, for brasswork and small iron and steel, 
while if the work is to be plated fine tripoli and 
crocus are used. Rouge is used for finer work 
still — for cutlery and jewellery. Any of these com- 
positions and materials can be used with hand 
polishing brushes and tools, but this practice is 
laborious and costly, hence seldom used in manufac- 
turing industries. 

Bluing Iron ^nd Steel by Heat. Small 
articles of polished iron or steel may be blued easily 
by the use of heat. The most convenient method 
of applying this heat is by the agency of a Bunsen 
burner, which yields a hot flame but does not 
smoke. Another common method, especially for 
flat work, is to heat a flat piece of iron and steel — 
sufficiently thick to retain its heat for a long time — 
and to place the small objects upon its hot surface 
in direct contact or upon a piece of sheet iron 
interposed between the two. The Bunsen burner, 
when properly constructed, should bum with a 
light blue name, ha ving within it a blue-green flame, 
the apex of which is the j)oint of most intense heat. 
The article being heated should be held immediately 
above this point of greatest heat. Watch the 
clianie in colour as the iron or s ed artic^’e ris:8 in 
temperature under the heat. Withdraw it from 
the flame before it quite comes to the desired shade 
of blue, hold it in the air until the desired tone 
appears, and at this point tlirow the article into 
oil — preferably a heavy oil, such as fish oil or lard 
oil — where it may be allowed to cool. When the 
article being treated is of uniform shape, the work 
is easy ; but where the shape is irregular — say, thick 
at one part and thin at another part — greater core 
and practice is necessary to secure uniform results. 
In such a case the heat must be confined to the 
thicker part for a longer time than is necessary 
for the small parts. Another method of attaining 
the same result is to heat sand very hot in a pan, 
then to immerse the articles in the sand, and to 
roll them around until the desired shade a 
when the colour is fixed by the oil-bath, as 
stated. By all of these methods the iron or oww* 
passes through the following colours — pale straw, 
dark straw, brown, purple, blue and green, as its 
heat increases, and it may be arrested at any one 
of them. 

Of the many other recipes recommended for bluing 
iron and steel, the following may be put on record : 
A solution of 1 oz. lead acetate and 1 oz. sodium 
thiosulphate in 50 fluid ounces of W’ater, being used 
hot, imparts tones from a light brown bronze to 
black, according to the duration of the soaking, 
the internjediate tints being purple, blue, light 
blue, and steel grey. 

Lfacquering. Metals may be lacquered both 
to pres^ve them from atmosp leric ac:ion and to 
improve the appearance. The usual transparent 
lacquer is made by dissolving shellac in meth dated 
spirit and colouring matter such as dragon’s blood 
for red, ani gamboge or turmeric for yellow, while 
a wide range of colours is secured by introducing 
the anili e dyes. In applying the lacquer ths 
article being treated should be kept war n at a 
uniform temperature. The woik should be done 
where there is no dust floa ing about, and the 
operation should be performed rapidly and 
s noothly. The lacquers should be kept in 
stoppered bottles, which are best when of opaque 
glass. They should be applied with a thin, wide 
and flat brush. [See Graham^s table of. lacquers 
on the fcdlowing page.] 
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£iiamelling. Enamelling is perhaps the most 
common of the processes of coating small articles of 
iron and steel. Wo refer not to the vitreous enamel- 
ling such as is found on the enamelled milk saucepan 
and the enamelled mug, but to the ordinary enamel 
paints which are applied either by a brush or by 
dipping and afterwards hardened in an enamelling 
stove. Articles enamelled in this way are found in 
every household — the iron bedstead, the coal- 
scuttle, the room fender, and many other articles of 
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domestic use. This sort of enamel is merely a fine 
paint, which is dried and hardened by heat. 
The Enamelling Sto've. An enamelling 
stove is necessary for the work. It is best heated 
by Bunsen burners. Enamelling stoves may be 

E urcboset from makers who specialise in them, 
ut any iron plate worker can make one without 
difficulty, and if proper precautions be taken, the 
home-made article is often better than the factory 
stove. A ventilator at the top permits a current of 
hot air to circulate through the stove. It is an 
economical provision to have the walls lined with a 
non-conducting material, such as fireclay, so as to 
prevent unnecessary heat radiation, thereby reducing 
the amount of gas consumed to maintain the proper 
heat The sides should be fitted with angle iron 
bars upon which bars or shelves may rest to support 
the work. The door should be made the whole 
width of the front, thus permitting easy ingress and 
egress of the articles before and after enamelling. 
It should also have fixed to its inner side a thermo- 
meter registering up to not less than 400® F., and 
capable of being insfiected from the outside. The 
usual device is to have an oblong panel cut from 
the door in front of the thermometer and fitted 
with a sliding or swinging cover which can be re- 
moved when it is desired to read the temperature. 
The gas supply should be in excess of requirements 
so that the proper heat can always be secured. 
The heat is regulated by raising or lowering the 

f as jets or by lighting or extinguishing one of the 
lunsen tubes. 

For many purposes — a cycle frame, for instance, 
or a fine cast-iron stove — a fine polish is essential. 
The finer the polish the finer is the resulting coat of 
enamel. The x)oli8h Is obtained first by binding on 
a grindstone, or an emery wheel if the wo» be rough. 
For work that is not rough originally, polishing with 
a fine emery bob and then with a leather and cloth 
bob is sufficient. Some work is “ sweated ” 
before having the coating of enamel applied — 
that is, rubbed with a cloth wrung out of Sjurits of 
tar and placed in the stove at full heat of, say, 
300® F. to 400® F. for a quarter of an hour 
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The Coate of Enamel. Some articles may 
have only one coat of enamel, in which case the 
finishing enamel is that applied, but in most oases 
a first coating precedes the finishing coat. The 
article is either painted witli the enamel by means 
of a brush, or efipped into a bath or trough con- 
taining enamel. If the brush be used, it must be of 
good quality so as to lessen the lik lihood of hairs 
adhering to the surface. A hair cannot be remove! 
after the enamel has been hardened without leaving 
a blemish. The size and shape of the trough, it 
dipping be wactised, must be decided by the shape 
of the Artimes, but a trough is used only where 
enamelling is on a large scale. 

The enamels are purchased from firms making a 
speciality of their preparation. The enameller 
need not think of making them for himself. The 
work having received its first coating, is placed 
in the stove, and is given the necessary heat for a 
period dej^nding on the colour and quality of the 
enamel. For black enamel the heat is usually from 
300° F. to 360° F., and for coloured enamels about 
126® to 160®. Care should be taken not to give the 
full heat at once. The time required at this heat is* 
usually between one and two hours, and must be 
decided by experience. Keeping the work in the 
full heat for too long a time makes the enamel 
easily chipped bedsides consuming imnecessary gas. 
When the gas is turned off the enamel is hot, but 
wet. When it has dried the article is polished with 
a paste made of pumicestone in an impalpable 
powder or crocus and water. All roughness should 
be carefully removed in this polishing. 

The finishing coat — not of the enamel forraerh 
used, but of “ finishing enamel then given. 
It must be applied in a thin coat or the finish^ ap- 
pearance will be blotchy and shrivelled. The work 
is again put into the stove and the full heat main- 
tained until it is slightly “ tacky ” or “ gummy 
when touched. Then turn out the gas and allow 
the article to cool. The article is enamelled. If a 
still higher degree of finish be desired, this second 
coat may ^ rubbed smooth with tbe paste as before, 
and a third coat — another of the second ot 
finishing coat — applied, but this is seldom done. 

The enamels should always be kept corked when 
not in use, so as to prevent dust or other extraneous 
matter getting into them. As much work as possible 
should be put into the stove at each heating, thereby 
diminishing the cost of gas upon each artiole. 

Vitreous Enamelling. The process of 
applying a coating of vitreous enamel to articles ot 
metal has during the last few decades spread from 
the field of ornament into that of utility, and an 
enormous industry, which flourishes especially in 
Germany and Austria, has grown into being. Street 
signs, and culinary and domestic utensils are the 
articles to which vitreous enamel is most frequently 
applied. In Ck>ntinental Europe cast-iron work, 
such as coal stoves, is treated to this variety of 
enamelling, but in this country its use in thin 
direction is limiled. 

Enamel is merely a coating of a glass anplied with 
an ingredient such as tin oxide or bone ash to render 
the glass opaque. Into coloured enamels other 
ingredients are introduced, in accordance with the 
colour desired. White is by far the most common 
variety of enamel used for coating articles of 
metal, and blue comes second in importance. In 
America, however, mottled or “ granite ware is 
more common than white. A Imow ledge of the 
properties and composition of glass is essential to 
the manufacturer of enamels, and reference may be 
made to the article on glass manufoxsture [page 46311 
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A flux is necessary to cause the enamel to adhere 
to the surface of the metal. Borax is the flux at 
once the most easy to work and that most generally 
employed. Other fluxes are fluorspar, broken glass 
or cw&cf, gypsum, clay, and broken porc^ain. 
These fluxes are used alone or in various combina- 
tions according to the class of work under treatment. 

To introduce colour into enamel many metallic 
oxides are used. The chief pigments in general use 
are as follows : 

To give blue — Cobalt oxide and cobalt silicate. 

„ black — Ferrous oxide. 

,, brown — Ferric oxide. 

„ green — Ferrous oxide ( in small quantities), 

cupric oxide or chromic oxide. 

„ red — Ferric ahnninate, tin-gold chloride, 

sodium -gold chloride or purple of 
Cassius. 

„ yellow — Oxides of silver, iron, uranium, 

and antimony or antimonate of potas- 
sium or lead. 

„ violet — Oxide of manganese. 

Lead in Enamela. Lead ought to be 

absent from enamel applied to any vessel intended 
to contain food. On account of the affinity of lead 
for silica a lead enamel is an easy one to manipulate, 
.ind makers of cheap enamel wore use it extensively. 
Rut it cannot be too strongly urged that its use is 
dangerous. The {presence of lead in the enamel of 
an article may be detected by several simple 
jnethods. If weak vinegar be boiled in an enamelled 
vessel, and if as a result the surface of the enamel 
Incomes dull and rough, lead is present. This test 
will also throw lead into solution in the vinegar. 
Another test is to beat uj) an egg in an enamelled 
vessel, and allow it to stand for twenty-four 
hours. The sulphuretted hydrogen in the egg will 
darken the lead oxide and cause the enamel to 
show a stain. For most pieces of chemical apparatus 
also an enamel containing oxide of lead is bad, as 
the lead may enter into (memical combination and 
vitiate or modify the results attained. There 
are many recipes for Icadless enamels. Mr. Paul 
Kandau vouches for one as being in use in some large 
Austrian enamel works, and we give the formula : 


Silica 

. . 30 to 

60 parts 

Flint 

.. 10 

20 

Kaolin 

.. 10 

20 

Pi|)eclav . . . . . • 


16 

Chalk ‘ 

.. 6 

10 „ 

Ground ])orcchiin 

5 

1 r: 

Boric acid 

.. 20 


Saltpetre . . 

< 

10 

Gypsum . . 

2 


Enamel adheres better to charcoal iron than to 


coke iron, and in cast iron to “ wh te iron ” rather 
than to “ ^y iron.’* White iron, however, is rather 
hard and brittle for most purposes to which ena- 
melled iron is put, hence a mixture of white and grey 
pigs are mnerally used in cast iron that has to be 
enamelled 

Preparation for Enamelling. To prepare 
iron and steel for the coating of enamel, they must 
be pickled in diluted acid, a process which has been 
described in some detail in our descriptions of galvan- 
ising and tinning ! see pace^ 6161 and fllflfl]. If greasy, 
treatment with caustic soda removes the grease. 
The articles are then Fcoured with clean, sharp 
sand until quite bright. Many mechanical devices 
are adopted to secure economy of work and big 
output in large works, but we shall not stay to con- 
sider these devices here. A common one is a sand 
blast apparatus. After scouring, the work is dipped 


into boiling water, drying immediately after with- 
drawal, when it is ready for the enamel coating. 

The under coat is then applied. The enamel is 
usually kept moist, and is therefore like clinging sand. 
Before application, it is reduced with water to the 
consistency of cream. The workman ladles into 
the vessel, the interior of which is to be enamelled, 
as much of this enamel cream as experience teaches 
him will suffice for the work, and by means of a stiff 
brush he spreads it over the surface to be coated. 
Any excess is allowed to drip off, but practice enables 
the workman to dispense with the necessity of 
draining. The work coated with this enamel is then 
taken into the drying-room, preferably heated by 
steam pipes, and after remaining there about one 
hour, the article is dry and ready* for fi ing, for 
which purpose it is taken to the muffle furnace. 

The muffle furnace is of the ordinary type, 
and must be of a capacity to suit the work. But 
workshop economy demands that it should be made 
quite full every time it is heated, hence there is 
danger of expen.se in having the furnace too large. 
It is better to increase the number rather than to 
increase the size of the furnaces ; but there must 
always be one large enough to accommodate the 
largest piece of work likely to be treated. The fuel 
for the fmmaoe may be that most convenient to the 
district. Gas may be chosen with advantage, if it 
be available, as it allows the temperature to be 
regulated }»erfeclly. 

Firing the Enamel. The object of the 
muffle forms of furnace is, of course, that the 
contents may come under the full heat given 
off, but may yet be secure from the dust and 
smoke that would surround them if there were no 
muffle. It is usual to have the greatest heat at the 
back of the muffle, so that the articles are not subject 
to the extreme heat immediately after insertion. 
The work is put into the muffle when the front of 
the latter is at a dull red heat, and the back portion 
at a bright red heat. The pieces of work are moved 
about by the workman into the hotter or cooler 
portions as they seem to require it. One expert 
man can attend to a round dozen of muffles, filled 
with work. From twenty minutes to half an hour 
ought to suffice for this firing. After that time, the 
enamel will have fused over and on to the metal. 
It will still have the powdery effect which it had 
when it entered the furnace, but the powder can 
no longer be rubbed off with the finger, and close 
examination will show that the adhering particles 
have lost their sharp edges. If the powder does not 
adhere well in the manner indicated, the enamel 
composition is too refractory, and must have some 
borax stirred into it. If, on the other hand, it bo 
very smooth on its surface, it is too fusible, and the 
enamel mass must have some clay or flint added to 
it to mike it more refractory. 

The Final Coat. The covering coat is 
applied after the article has been withdrawn. If 
there be any exposed iron which was not intended 
to be enamelled, and was therefore not coated 
with enamel composition in the first instance, the 
firing will have made it black. This black, which 
is black oxide of iron, must be removed with wire 
brushes. The finishing layer of enamel is now 
applied in the same manner as the first was. The 
tninner it can be made, consistent with efficient 
covering, the higher will be the finish and the 
greater the durability of the finished article. The 
temperature of the muffle furnace for the finishing 
coat is kept a little lower than it was for the first 
layer, as the composition is more easily fusible. 
Also the articles are moved about in the muffle, 
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and turned more frequently, so as to secure 
uniformity in the process of fusion. When it is 
considered that they have hod enouffh of the fire, 
they are removed, but ought to be allowed to cool 
gradually, otherwise the enamel may crack in the 
cooling. There is frequently a separate muffle at a 
dull red heat, into which the articles are placed and 
allowed to cool slowly. The enamelling is now 
complete. 

Cheap enamel ware is frequently made with only 
one coating of enamel, but go^ work that will stand 
the test of use, ©specially if it be for articles for 
cooking, demand two coats. The first, or ground 
coating, should be somewhat porous, and the upper 
.or covering layer forms, the impenetrable glaze. 

Decorating Enamel Ware. The common 
method of decorating enamel ware is by means of 
transfers as used for pottery ware. The ink with 
which these transfers are printed must be made of 
fusible oxides. To fix a transfer to an enamel 
surface is not difficult. It is applied, the back of 
the transfer is damped with a sponge, and the article 
is fired, so as to fix the ornamentation. Hand 
decoration is also practised, and is the common 
method when bands are being put on the outside of 
vessels, but for elaborate work its cost is prohibitive. 
Mottled or granite enamel ware is made by spraying 
upon a coating of white or yellow enamel a covering, 
or rather a partial covering, of coloured enamel, ft 
is then fired in the usual way, and if a good surface 
bo desired, it is treated with a final transparent 
enamel glaze. 

Colouring Metals. The numerous pro- 
cesses for bronzing metals may be divided into three 
classes, depending for their action upon chemical 
change, electro - cnemical change, and mechanical 
application. The first and the second might 
properly be classed as one, but electric deposition is 
such an important and such a distinct process, that 
it may well be elevated into a class apart. 

All metal articles may be treated to an application 
of bronze powder, caused to adhere to the surface 
of the metal by a special varnish. Bronze powders 
are made in dozens — indeed, hundreds — of shades, 
and their manufacture is a huge industry in Austria, 
which supplies the greater part of the world with 
them. The so-called hrome powder is simply 
metallic brass, copper, aluminium, or other metal 
or alloy in a very fine state of subdivision. The 
particular depth of shade is usually obtain?d by oxi- 
dising more or less the metal in the manufacture of 
bronze, but with this, the man who applies the pow- 
der has no direct concern. (See also page G3i0.] 

The article to bo bronzed is usually coated with 
a special varnish. This varnish, or atze, had better 
be purchased from varnish manufacturers, but a 
good recipe for its manufacture is as follows: 
Boil linseed oil for two hours, and add to it^adually, 
when boiling, 5 per cent, of its weight of red litharge, 
followed by 5 per cent, of white litharge. If the 
iirst addition of red lead cause the formation of a 
red scum, the oil is at too high a temperature, and 
the further addition of red lead must be delayed 
until the oil has cooled somewhat. The mixture is 
kept for about a week, and is then ready for nse. 

The iron or other article to be bronze-coated is 
given a coat with the varnish or sdze, and when this 
varnisli has become almost dry, or, as it is called, 
tacky, the bronze powder is applied, usually with a 
brush. Then, when the vamisb has quite dried, the 
8ur]>lu8 powder is brushed off and the article is 
bronzed. It may be coated with varnish again, 
and will, after this precaution, resist atmospheric 
action and retain its freshness much longer than it 
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otherwise would. It must not be forgotten, how- 
ever, that any varnish applied after the bronze 
powder diminishes the meted tic brightness, so that 
the manipulator must choose between brilliance 
and durability. 

An expeditious, economical, and satisfactory 
method of applying bronze powder is by mixing it 
up like ordinary paint, with the varnish ns a base, and 
by painting it on the surface to be decorated. Two 
coats are desirable, and, of course, these may be 
thinner than a one-coat application. Turpentine is 
the medium used to thin the varnish. The hardness 
and durability of the bronze coating is much in- 
creased if the article be dried in a japanning stove. 
The temperature should not be high — not more 
than 200® or 260° — and half an hour is about long 
enough time to allow. 

Bronxing Brass by Immersion. There 
are many simple immersion baths used to bronze 
metals, and the tone resulting' depends upon the 
duration of the immersion. Brass may be coloured 
any shade from brown to black by a bath made by 
dissolving 2^ oz. of nitrate or perchloride of iron in 
I gal. of water. Any shade from brown to red may 
be secured by immersion in a solution containing 
1 lb. nitrate of iron and hyposulphite of soda in 1 gal. 
of water. Yellow to red demands a bath where J oz. 
tersulphide of arsenic, and 3 oz. of pearlash solution 
have Dcen dissolved in 1 gal. of water. Potassium 
sulphide added to water oz. to 1 gal.) gives 
orange bronze ; a mixtiue of perchloride of iron 
and water (I gal. to 2 gal.) gives an olive green, 
while sulphocyanide of potassium (20 oz.) and 
water (1 gal.) gives a blue. 

Bronxing Copper by Immersion. Bronz- 
ing copper baths, used simply by immersing the 
copper articles in the solutions, are as follows, the 
chemicals mentioned being dissolved in 1 gil. 
of water : 

Brown io hlaxk^ 2J oz. nitrate of iron. 

Dark drahy 2^ oz. nitrate of iron and 1 oz. sulpho- 
cyanide of potassium. 

Bright red, 1 oz. sulphide of antimony and | lb. 
pearlash. 

Red to blacky J oz. sulphur and 1 lb. pearlash. 

8ted greyy i oz. chloride of arsenic (must be applied 
at 180° F.). 

Jnpanese Eacquer. Japanese lacquer is 
valuable as a metal coating, and when once the 
secret of its manufacture hiu» been given to the 
Western world, its use will extend. But at present 
its precise method of preparation is held as a jealous 
secret. It is known to be made from the secretion 
of a tree, the Bhus vermiciferay called by the Japanese 
the urushi-naki, which grows to a height of about 
30 ft. when it attains its full yielding capacity. The 
lac is collected by making horizontal incisions in 
the tree. The issuing lac is milky white and thick, 
but on ex^sure becomes first dark brown, and 
finally blacV The lac is purified by being strained 
through cotton* wool, then by rubbing it on a paint 
slab and mixing it well with water, which is finall}' 
evaporated by heat. The further treatment in 
preparing the famous Japanese lac varnishes is not 
known outside of Japan. White and pure light 
colours cannot be obtained in these Japanese lacquer 
varnishes. The usual colours are brilliant black, im- 
pure vermilion, impure dark green, and dark grey. 
Drying is done in twenty-four hours in a moist 
atmosphere, and if the articles to be dried are placed 
in enclosed rooms, the walls and floors must be 
wetted down periodically, so as to provide the moist 
atmosphere. Fine lacquer work requires 18 coats ; 
it improves in colour with age. If Japanese lacquer 
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wcsro used only for bric-a-brac and woodwork, we 
would not give its description space in this article, . 
but it has a much wider use than that held by 
general opinion. It is widely used for metal coating 
— the Japanese use it for acid tanks, for ship’s 
coating, for coach and decorative panels, and for 
domestic articles, which it enables to resist hot 
water, soap, and alkaline solutions. It never splits 
or cracks, and has great durability. Applied to the 
hulls of ships, Japanese lacquer forms a coat both 
anti-corrosive and anti-fouling. The coats applied 
to hulls jvary in composition, the first being almost 
pure lacquer, and the succeeding coats containing 
proportions of mica or kaolin to increase the covering 
power. ' When first used as a ship’s paint, anti- 
fouling paints were applied over the lacquers, and 
this method was a failure, the urustrio acid in the 
lacquer attacking the metallic base of the anti- 
fouling paint, the result bein^ that the virtues of 
both were destroyed. Later, it was found that the 
lac )uer alone is an admirable anti-fouling paint, as 
well as an anti-corrosive protection. 

The Bower-Barff Process. The Bower- 
Barff process of coating iron and steel is old, the 
two inventors from whom the process derives its 
name having registered their patents over twenty- 
five years ago. But the process did not obtain 
prominence or commercial success, on account of 
certain inherent difficulties which gave bad results. 
It remained for followers of the original inventors 
to carry the process some way nearer perfection, 
so that the modification of the original process 
now followed by those who practice barffingf as it 
is usually termed, may be said to be both a practical 
and a commercial success. 

The root principle of the barffing process lies in 
this — that when iron or steel is made red-hot, and 
steam is brought into contact with it, the surface 
undergoes a chemical change and becomes black 
oxide, or, as it is more properly called, ma^etic 
oxide of iron. We need not waste space in describ- 
ing the plant used by Bower and by Barff resiKSc- 
tively in achieving their objects. Our time will be 
better occupied in paying attention to the modern 
improvements upon the original methods adopted. 

No other metals but iron and steel can be sub- 
jected to barffing with successful results, hence its 
use is somewhat restricted. But the process is 
less expensive than galvanising, and, if carried out 
as it now can be carried out, the surface given to the 
motahis even more resistant to corroding infiuences 
in exposed situations. The finish is a dark slate or 
dead black — the natural colour of black oxide, 
and the depth deepens upon the length of time to 
which the articles are subjected to the process. 
The bad j-esults in early attempts were that the 
magnetic oxide surface given to the iron or steel 
was very hard and brittle, being liable to scale. This 
difficulty has now been almost entirely obviated. 
Certainly, articles barff ed to-day do not give evidence 
of peeling in the manner and to the extent that 
formerly prevailed. 

The present-day practice usually followed is the 
Oesner modification of the original This consists 
in heating the work in a closed retort, and injecting 
steam for i^me time. The steam is shut off, and a 
small quantity of naphtha is admitted, after which 
steam is again injected. Finally, the work is allowed 
to cool naturally, and is then finished. 

The Barfflnn Furnace. The furnace used . 
is much like a coal-gas furnace, consisting of one or 
more clay retorts, which may be made to open at one 
or both ends. The fuel us^ is immaterial, as the 
work is isolated from the fumes, and local conveni- 
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ence decides the point. Steam is led from a boiler 
into the retort by a suitable pipe. The steam need 
not be under pressure, ana on ordinary house 
boiler is quite suitable for its generation. The 
steam-pipe is led along the bottom of the retort, 
protruded from the end opposite to that by which 
it entered, is returned, and its end led into the 
retort again. The object of thus causing the steam- 
pipe to travel the whole length of the retort before 
the steam is allowed to escape is that the steam 
is superheated before coming into contact with the 
work. This is an essential feature of Gesner’s 
method. Another essential feature is the use of 
a hydrocarbon, such as naphtha, with the steam. 
The theory of the inventor of this process, and his 
claim to success, rest in the fact that the steam, 
passing through the red-hot pipe in the bottom of 
the furnace, is partially reducea, that hydrogen and 
oxygen are set free, and that these, acting in con- 
junction with the steam, give a coating of magnetic 
oxide containing oxygen. Such a coating is, by 
experience, found less liable to scale than one devoid 
of hydrogen. Analytical tests made have shown 
that the magnetic oxide coating contains about 
1 per cent, of hydrogen. The door of the retort is 
made reasonably tight to prevent the escape of 
steam, and clay is plastered around it with this 
object. An exhaust pipe is led from the top of the 
furnace into a water-seal, which gives a low pressure 
in the retort. About IJ in. of water is usually 
all that is given. The arrangement of the furnace 
is calculated to give as nearly as possible a uniform 
heat in the retort. 

The articles to be barffed must be free from 
scale and dirt. The better and smoother the finish 
before barffing, the better is the resultant coat of 
black oxide. The castings or other articles under 
treatment may, if greasy, be treated with caustic 
soda ; but if free from ^ease, this is unnecessary. 
To remove scale or dirt, they may bo pickled or 
sand-blasted. The latter treatment is the better. 

Operating the Process. The retorts in 
which the work has been placed are heated to from 
1,000° F. to 1,200° P., and the steam admitted for 
about 30 minutes, and then about a pint of naphtha 
is allowed to enter tlirough a pipe for that purpose. 
Then steam is allowed, to enter alone for about 
another 30 minutes, and is finally shut off. When 
the retort has cooled to about 800° F. the articles 
are removed, and, to prevent marks or imperfections 
on the surface, they are put into paraffin or other 
heavy oil while still hot. They are taken out after- 
wards, the oil is removed by immersing the articles 
in benzene, and a coating of flat lacquer or wax or 
both is given. A little polishing follows upon a 
rotary bristle brush. For coarse work, such as cast- 
iron nim^e pans, for which barffing is largely used, 
many of the refinements enumerated above are not 
practised as this would raise the cost where cheap- 
ness is of more importance than elegance ; but 
for light hardware the process usually employed is 
that we have described. 

The cost of the process for large work such as 
furnace pans may be as low as from 4s. to fis. a 
himdred weight, but for lighter and smaller articles 
it is much higher, and may be us much as 20s. a 
hundredweight. The expense in small articles is 
because every article placed in the retort must be 
deposited so that every part of its surface may be 
subject to the action of the steam. 

The original process of barffing inci'eased the size 
of the wo», and as the work could not be machined 
afterwards without destroying the surface produced, 
provision had to be made m initial preparation. 
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The formation of hydrogen during the modified 
prooeM we have described seems, however, to pre- 
vent this enlargement., and machined work— screws, 
nuts, valves, and other artioles — may now be made 
to finished sizes and barfied without fear that the 
process will disturb the fitting. 

Electroplating, The principles and the 
practice of electroplating ore treated in the course 
on ELBCTRictTY (page 3421], and it is assumed 
that the reader has made himself familiar with 


employ Canning’s special nickel salts — a double 
sulphate of nickel and ammonium — dissolving one 
pound by weight in one gallon of clean boiling water 
in a vessel of wood, earthenware, or enamelled iron. 
The solution as it becomes impoverished is brought 
to strength again by the addition of more nickel salts. 
It must he kept neutral, and if through use it becomes 
acid, ammonia is added in small quantities to bring 
it to neutrality. The anodes are suspended in the 
tank from brass rods as seen in the illustration, 


the instruction given there. Space may be spared and the articles to be plated are also suspended from 

here for some practical information upon the equip- suitable hooks or baskets. The best practice is to 

inents required for various classes of work and for have anodes at each side of the work so that with 

different volumes of output. three rods the centre one carries the work and the 

The most common form of electroplating is a other two the anodes, and if five rods are used the 

deposition of a deposit of nickel upon steel or iron, centre and the side rods carry anodes. A recent 

and in many plating shops, particularly in the cycle improvement in electroplating plant has been in- 
trade, no other work is undertaken. We may there- tit^uced by Messrs. Canning and widely adopted, 

fore consider such a shop. A plating plant, capable By mechanical agitation of the electrolyte the cur- 

of treating up to 30 sets of cycle fittings per week, i^ent density is increased, and the time taken to form 

would include a dynamo (6 volts, 100 amperes) the electro deposit is reduced by as much as one half, 

driven at 1,200 revolutions, and requiring li-horse The direct result of the introduction of mechanical 

agitation is to double the 
capacity of any plant. 

Electro-brasAing and 
Electro«coppering. The 
same process as for nickel plating 
is used in depositing any other 
metal, but the anodes used must 
1)© of the metal it is desired to 
deposit. Thus, anodes of gold, 
platinum, silver, brass, copper, 
tin, or zinc are used as re* 
(piired. We may take as typical 
electro- brassing, as after nick(‘l 
}>lating it is the most generally 
practised. The electrolyte used 
may vary in composition, but 
the following is good (Canning): 
Pure cyanide of jK)tassium 1 lb. 
Carbonate of cop])er 8 oz. 
Carbonate of soda . . . . 3 oz. 

Bisulphate of soda. . . . 1 oz. 

Water 1 gal. 

power ; a nickel vat, 4 ft. by 2 ft. by 2 ft. deep ; a In making, dissolve the cyanide of tiotassium in 
cop}wr vat 30 in. by 18 in. by 18 in. deep; and a three quarts of hot water, and odd the carbonate 
polishing lathe. It is never wise to purchase a of copper. In a separate vessel dissolve the (carbonate 
plant that will overtake only the amount of work of soda and the bisulphide of soda in one quart of 
available at the moment, as in the event of hot water. Mix the two solutions when cold and 
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increase of work the plant will not be able to rise 
to the work. It is considered well that the capacity 
of the })laut should be 30 to .50 per cent, higher 
than there is immediate occasion for. The size of 
the vats and the quantity of solution depends 
upon the quantity and size of the articles to be 
)Iate(l. Every square foot of surface of work 
^eing plated requires 10 amperes of current, and this 
forms the guide in determining the size of the 
dynamo necessary. The dynamo should be fixed 
in a convenient position as close to the vats as 
j»ossible. The grinding and ]>olishing should never 
be done in the same shop or room as the plating. 

The Plating Plant. A complete plating 
plant, as arranged by Messrs. Canning, of Birming- 
ham, is illustrated herewith. The plating vat 
must Ihj lined with chemically pure lead with 
burnt joints. The nickel anodes should be pure 
c\*ist nickel plates, having an aggregate surface 
at least equal to the surface of the work, and 
if rolled nickel ])lates be used at all they should 
not be more than one to four cast anode plates. 
The nickel solution is made by dissolving sulphate 
of nickel in water. The trade in this country usually 


stir well. The electrolyte may be used either hot 
or cold; if the latter, the temperature should be 
120*^ to 140° F. 

Before immersion the work must have l>een 
thoroughly cleaned in hot cleaning solution (hydro- 
chloric and sulphuric acid in 10 parts of water) 
and swilled, then scoured with powdered piiinioe- 
Ktone and again swilled. The full details for deposit- 
ing other metals cannot be given in this article. 
There are several good textbooks to guide the 
novice ; the ** Handbook on Electroplating,” 
>ublished by Canning & Co., of Birmingham, may 
)e recommended. 

Finishing Plate Articles. When a 
nickel-plated article leaves the electrolyte it has 
a dull-white appearance. It must be finished. It 
is first rinsed in hot water and then dried. Then it 
goes to the finisher, who, with the aid of mops 
made of felt, calico or swansdown, usually mounted 
on a polishing lathe, polishes the work, the fi^l 
touches being given with a soft clean mop. The 
first mop is usually charged with dry Sheffield 
lime or with tripoli powder. 


Metals concluded ; 1 allowed by Mineralogy 
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means of knowing whether the w'orkmen of a century 
or more ago were equally skilful in that direction. 
Probably they were not. The rank and file, no doubt, 
were ignorant, simple-minded men in a position to 
take as much time as they pleased to do anything. 
They had a high opinion of their manual skill, and 
exaggerated notions of the imj>ortance of trade 
secrets, in many cases not to be imparted freely to 
each other, and still le s to the outside public. Modern 
conditions are different. Work is done now much 
more expeditiously and consequently at compara- 
tively far lower prices. In many crises the cost of 
labour is a trifie compared with the cost of material. 
This is not because wages are low or because manual 
work is done more rapidly than formerly. It is 
because the workman now is assisted by machines 
which perform all the operations that before occupied 
most of his time. The subdivision of labour now 
prevailing also conduces to rapidity of production. 

Old and Modern WorK Compared. 
Neither machine work nor subdivision of labour 
means inferior work, but rather the contrary. In some 
respects the l)e8t of the very old work was rough com- 
pared with the best modern work, and its roughness 
was not compensated for by its being any stronger 
than what is made now. We have only to notice 
the construction of old furniture preserved in 
museums to jierceive that. Articles elaborately 
carved and inlaid are often jointed more roughly 
than would be permissible now. The use of wood 
pegs in tenoned joints, with the end grain of the 
pegs showing in the front faces of the work, and 
generally projecting aboat n sixteenth of an inch 
through shrinkage, would be intolerable in the 
chea|>est modem articles. Old work suffered also 
through being done by men who were not specialists. 
There are few men who can do both heavy and light 
work with equal accuracy, and no one man can 
be as skilful at half a dozen classes of work 
as the same number of specialists assisted by 
machinery can be. 

The Element of Time, If it be 

untrue to pretend that our best is not equal to 
the best that has gone before, it is still more 
untrue to suppose that our men are not equal to 
their predecessors. Only those whose admiration for 
the past is based on unreasoning sentiment can 
believe so. So far as we can judge of them, tljere is 
no reason to doubt we not only have their equals, 
but have far greater numbers of them. But in most 
work nowadays the element of time has attained an 
importance it never had before. Most classes of 
work are so often repeated that the time they should 
occupy is known or can be estimated almost to an 
hour, and it is to the workman's discredit if he 
excoedi) this almost os much as scamped work is to 
his discredit. The test of a first-class workman is to 
do work of the best quality in the minimum time. If 
an unlimited amount of time is allowed, a far less 
skilful man can equal the product in quality. A 
first-class workman, however, has not always the 
opportunity to do the best work. Quantity instead 
of quality may be required of him. There is a large 
demand for cheap articles, the cost of which is cut 
down by employing inferior material and quicker 
methods of construction. Their unsubstantial char- 
acter does not indicate that they wore made by 
incapable workmen, but that their cost was not 
allowwl to exceed a certain amount. Work of this 
kind is justifiable because it supplies a demand, but 
in the case of the cheapest work it may be doubted 
whether the demand would be very faeat if the 
average purchaser was capable of seeing its defective 
character. 
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M o^ern Subdlviaioa of Trade. Cabinet- 
making, even more than most trades which have 
attained a high degree of development, is very 
much subdivided. It has first of all two natural 
divisions, for there is a decided difference between 
carcase work, such as wardrobes, chests of drawers, 
etc, which are boxed in, and open framework, such 
as that of chairs. Chairs are so different to ordinary 
cabinet-maker’s work that people employed in 
their construction are known as chairmakers, and 
not as cabinet-makers. Chairs differ so much from 
each other, however, that the chair-making industry 
is itself very much subdivided. But even among 
articles of furniture which do bear considerable 
resemblance to each other, it is found more econo- 
mical for firms to confine themselves chiefly to one, 
and portions of that are often purchaa^ ready 
made. In no case is all the work on one article done 
by one person. All turned parts are done by a wood- 
turner. Carving is done by a carver or by machinery. 
Veneering and inla 3 ring are done by specialists. 
Polishing and upholstering are done by men of 
those trades. Among the operations just mentioned 
the only ones that can be considered as branches of 
cabinet- making are veneering and inlaying. 

Veneers. These are thin sheets of fancy wood 
ranging in thickness from that of a thin sheet of 
paper to J in. They are used a great deal in cabinet 
work, and to a less extent in joinery, for gluing 
to the surface of cheaper wood to improve the 
appearance of an article. In some cases also curved 
parts are built up entirely of veneer by gluing a 
number of thicknesses together. Pip icood, which is 
now largely used for panels and drawer bottoms, 
is built up in the same way with the grain of the 
layers crossed. These, however, are not veneer in 
the ordinary sense, but plain cheap wood sawn thin. 
I’he most expensive furniture woods, and especially 
])iece8 of exceptionally handsome appearance, are 
seldom used for anything else but veneer, for it 
would be considered a waste of valuable material 
to use it in any other way unless for articles so small 
that the amount of material used in them is not 
worth considering. 

Veneer is cut by special machinery, and comes into 
the cabinet-maker’s hands ready for use. It is 
known either as knife cut or saw cut, according to 
the method of cutting it to thickness. By the 
knife-cut process it can be cut very thin, and there 
is, of course, no waste in sawdust. From 30 to 40 
thicknesses may thus be obtained from 1 in. By 
sawing, about one-third that numl>er is the most 
possible, but sawn veneer is thicker and for most 
purposes, better, though more troublesome to ^ue. 
Saw-cut veneer as used for most purposes is aMut 

in. thick. V^ery thin knife-cut is sometimes backed 
with paper. This prevents it from splitting and 
warping. Warjied veneer may be flattened by damp- 
ing and putting under pressure between warm, dr 3 '’ 
boards. Knife-cut veneer may be either sliced or 
rotary-cut in a kind of lathe. The log is steamed 
or boiled before cutting, and the cutting machinery 
is very heavy and rigid, so that a sheet of tissue 
paper thickness can be cut if desired. 

Veneer ins* methods of gluing veneer 

differ in some respects from those of making 
ordinary glue joints. This is owing to the thinness 
of the veneer and the large surface to bo glued. 
There are two methods ; one by means of cauls^ 
which practically means cramping the parts till the 
glue is set. The other by the use of the venteriny 
hammer^ which means squeegeeing surplus glue 
out by sliding pressure on the v^eer, and the 
latter in such coses is always so thin that it remains 
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m contact without further treatment. This latter, 
however, is considered only a makeshift method, 
to be employed when cauling is inconvenient. 

The wood on which veneer is to be laid must 
itself be carefully chosen. A hard close-grained 
wood does not adhere well to a soft one. Soft woods, 
such as pine and American white wood, are very 
commonly used beneath veneer, but in the best 
work Honduras mahogany would be employed as a 
groundwork. Knots should be cut out and pieces 
of ordinary wood fitted •and glued in their place. 
Small holes should be filled with plaster of Paris. 
The surface, after being planed, is roughed with a 
toothing plane and sized with thin glue. A toothing 
plane iron is shown in 1. It fits nearly vertically into 
a plane beniy resembling an ordinary smoothing 
plane. The serrated edge of the iron scratches the 
wood and leaves a siiri^c on which the veneer 
is not liable to slip and the glue obtains a good hold. 
Two toothing irons of different degrees of coarse- 
ness should be kept, as a finer iron is needed for 
hard wood than for soft. Another method some- 
times adopted is to go over the surface with coarse 
glasspapcr on a flat rubber. The veneer is toothed 
also when sufficiently thick. Rounding surfaces 
are rasped and roughened with coarse glasspaper. 
Where a piece of board is cut tangentially to the 
annular rings of the tree and only one side of it has 
to be veneered, the veneer should be laid on the 
heart side, as in 2. 

Veneering with the Hammer. The 

veneering hammer is used as in 8 and 4, to press 
out surplus glue. The hammer has a handle almut 
1 ft. long and a head about 6 in. square by 1| in. 
thick, with a })iece of thin iron inserted in a saw- 
cut in its lower edge and secured by screws. The 
edge of the iron, w'hich is used to press the veneer, is 
rounded slightly and made smooth so as not to injure 
the surface. In addition to this, soap is often used to 
enable the hammer to work freely without sticking. 
Hot water is also sparingly applied to the up|)er 
surface of the veneer, chiefly to counteract the 
tendency to curl when it is wetted by the glue on 
the other side. The glue is spread as rapidly as 
possible on both the ground and the veneer ; the 
veneer is laid on the ground and pressed down, and 
then the hammer with heavy pressure on its head 
is worked about the surface to force a« much 
glue as possible from the centre out to the edges. 
The easiest way to move the hammer when pressing 
on it is to work the handle from side to siae while 
moving it forwards or back, thus giving the head 
a zigzag movement ov'er the veneer. The veneer, 
as a rule, will remain in close contact after the 
hammer has been passed over it, but sometimes 
blisters may be seen or detected by tapping. 
In such cases the glue beneath may be remelted 
if necessary by the application of heat, which 
soon penetrates the veneer. A hot flat iron is 
generally kept ready for this purpose, and a damp 
cloth first laid on the place where it is to be 
applied. The blister will then generally remain down 
or if it is obstinate a weight may be put on it for 
several minutes. A bowl of hot water is placed on 
the bench when the veneer is to be laid, and the 
hammer, when not in use, is put in the water to 
keep its edge free from hardened glue. A sponge 
and one or two pieces of cloth are kept in the water, 
too. The gluing must be done in a warm atmosphere 
free from draughts, and the glue applied as hot as 
possible, so that the veneer may be properly laid 
while the glue is still quite liquid. Veneer can be 
removed if necessary by the application of heat and 
oil or water to loosen the hold of the glue, but it is 
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never worth while to do this, as the veneer would 
be practically spoilt in the process. Bad places in 
veneer are better rectified by cutting them out and 
fitting other pieces in. A piece with grain as nearly 
like it as possible should be laid on top, and an 
irregular out made through both, following the 
grain as much as possible to make the joint un- 
noticeable. An inlaid piece cut geometrically square 
or circular is much more conspicuous. Air can bo 
released from a blister if necessary by making a 
small puncture. If more glue is required beneath 
a slit must be out with the grain. 

Veneering with Cauls. A caul is a piece 
of wood, zinc, or other material, of the size required 
to cover the surface to be veneered. It serves 
two purposes. One is to contain heat to make the 
glue run freely when it is cramped on. The other 
is that, veneer being too thin to have any rigidity 
in itself, uniform pressure must bo applied all over 
its surface, and cramjis alone would not do this. 
When a surface is large, its area may be covered 
equally well by a number of cauls placed side by side. 
For curved surfaces, cauls shaped to fit the curve 
are required, but in most work surfaces are flat, 
and the cauls are flat pieces of wood of about 1 in. 
to li in. thick, sometimes kept s])ecially for the 
puq>ose, sometimes selected from the stock of wood 
used for ordinary work. For i)ermanent use they arc 
better covered with sheet metal, ]»referably zinc. 
Ihis not only preserves their edges from wear and 
reduces the risk of splitting and war])ing, but glue 
from the veneer does not obtain a hold on it, and 
conw'quently it cannot get stuck to the work, as is 
sometimes the case with wood cauls, for glue makes 
its way through thin veneer. Another reason why 
metal is preferred is that cauls have to be heated 
before they are applied, and, if care is not taken, the 
wood ones are liable to get 8j)oilt through burning. 
Neither do they retain heat a.s well as metal cauls. 
Small cauls may be merely plates of zinc J in. to 
II in. thick. Large ones arc backed with wood. 
Cauls of irregular shape, and consequently trouble- 
some to make, are, if constantly required, usually 
made of cast iron. For temporary use a bag of sand 
may serve as a caul on a surface of any contour, and 
may be heated and cramped on the veneer. Cauls 
are cranij)e(l to the surface by any convenient 
method. 

For small work, hand screws are generally used [5], 
and, as in using the hammer, pressure should be 
applied first to the eentral parts to force the glue 
outwards to the edges. In 6, two pieces are 
veneered with one caul between them. Wood cauls 
should always be soa|>ed to prevent their sticking 
and pulling )>ieces of veneer away. Zinc cauls are 
soaped also when working with very thin veneer. 
In using cauls, only the dry heat of the caul is 
employed, and therefore the work is dry and hard 
in much less time than is required for hammer-laid 
veneer, in which the surface is wetted with hot 
water. The cauls and cramps are left on for several 
hours, until the glue is set. For work on a large 
scale, metal presses [6] with powerful screws are 
used, and a number of boards with veneer on arc 
put in a pile and very heavy pressure applied, a 
number of presses, about 0 in. apart, being used to 
press long pieces. The boards are passed through 
machines which apply the glue very rapidly. For 
work on a small scale various kinds of wood presses 
are made by the workman, the principle being 
similar to the iron press shown, but wedges, 
Instead of screw power, are the usual method of 
applying pressure. Joints and cracks in veneer are 
together and the glue prevented from coming 
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tlirough and sticking to the caul, by pasting paper 
or canvas over. In some cases it is a practice to 
cover the entire face of veneer with paper. This is 
cleaned off after the cauls are removed. 

Veneer is cut to dimensions by laying it on a flat 
surface, using a straightedge on it as a guide, and 
cutting with a sharp chisel or knife If the veneer is 
thin, or with a saw if it is thick. Joints on a surface 
are made by lapping the edge of one piece over the 
adjoining one, and then by cutting through both. 
Veneer should always be put on lar^r than required, 
and the edges trimmed oflt afterwards, otherwise there 
would be trouble in setting it correctly into position 
while gluing. The best veneer is generally put on 
panels, because the flgure or grain of the wood is 
more noticeable there than on narrower parts. 
Often they are cross veneered — that is, a plain 
piece of veneer is first put on across the grain, 
and this is afterwards covered by the final veneer 
with its grain running the same way as the ground 
or corCy as the interior wood is called. 

Veneers on panels and other large surfaces are 
sometimes cut and jointed geometrically, pieces 
cut out from, the same log being turned with grain 
reversed towards each other, so that similar curls 
and twists incline to the joint from opposite 
positions. Parte may be stuck down and pieces 
fitted in to make bad places good, as described for 
hammerdaid veneer. 

The Scraper and its Use. The scraper 
is a small piece of sheet steel abojit tj’tt in. thick. 
Its usual form is rectangular, measuring about 
6 in. by 3 in. Often a greater length and less width 
is found convenient, but in any case its original 
dimensions soon become reduced by wear. Other 
forms are curved to suit hollow or round surfaces. 
Its edges are made very keen by first squaring and 
then slightly burring or turning them over, as shown 
to an exaggerated extent in 7. 

The scraper is a tool frequently used by joiners, 
but to the cabinet-maker it is indisi^ensable, and is 
used after the plane on almost all surfaces. The 
hard wood used by the cabinet-maker is often too 
cross-grained to be planed at all without tearing uj) 
the surface and leaving it worse than when sawn. 
But even when it can be planed smooth, the marks 
of the plane show as a series of undulations across 
the surface, and although these might be removed 
by glasspaper on a rubber, it would be difficult to 
produce as smooth a surface as can be done with a 
scraper in less time. The 8craj)er> therefore, 
generally follows the use of the smoothing plane 
and is itself followed by a rubbing down with very 
fine glasspaper. 

The scraper is held and worked at an angle as 
in 8 and 9, so that the sharp edge can bo made to 
scrape or cut a very fine snaving when moderate 
pressure is exerted. Sometimes tne steel is fitted 
into a wood block which serves as a handle [10.] 

The sharpening is efleoted as follows : The edge is 
first ground or filed square and straight with a very 
slight amount of rounding up at each end, so that 
the comers will not leave riages on the surface of 
the wood. Next, while still keeping the edge 
square, it must be made perfectly smooth. The best 
way to do this is by rubbing it on an oilstone [11]. 
The edge must bo rubbed with the scraper vertical 
on the stone, and each face must also be rubbed [12] 
to remove the ragged burr which gets turned over 
in grinding and smoothing the <3^. The edges 
should now be square and smooth wiSi sharp angles. 
It is necessary now to burr or turn these angles 
uniformly so that they shall be very much keener 
than they are at 90®, This may be done with 


the scraper in either of the positions shown in 13 and 
14. Another way is to hold the scraper in a vice. 
A short rod of steel in a handle is the proper tool to 
turn the edge with, but very often the back of a 
small gouge is used for the purpose. In 18 the 
scraper is shown held in a vertical position with its 
lower edge resting on the edge of a bench. In 14 
the scraper is laid fiat on the bench with the edge 
to be sharpened projecting slightly over. In botli 
cases the sharpener is held at a similar angle in 
relation to the edge of the scraper. With the 
sharpener slightly tilted as shown, and pressing as 
heavily as possible, it is drawn sharply along the 
edge, turning over a slight burr as it goes. This 
burr is imperceptible to the eye* but is sufficient to 
scrape a wood surface far more effectively than 
would have been possible before this operation. If 
sufficient pressure is applied, one stroke of the 
sharpener is enough, but if not, more may be mode. 
The edge soon b^omes dull with use and requires 
re-sharpening, and after this has been repeated a 
few times, the edge becomes so worn that it is 
necessary to re-grind. In re-sharpening, the turned 
edge is generally rubbed flush, as in 15, before the 
sharpener is used to turn the edge afresh. All the 
edges^of a scraper may be .sharpened in this way so 
that each can be used in turn till too dull to cut. 

Inlay. The inlaying of ornamental design into 
a surface is frequently practised to decorate cabinet 
work. To a person unacquainted wth the practice 
it might be supposed that the effect was obtained 
by staining or painting the design on the surface. 
The difference in colour is obtained by the use of 
different woods, and in a few cases, where such 
colours as blue or green are employed, by staining 
the inlaid wood before insertion. Wood is the chief 
but not the only material used as inlay. Others 
often employed are ivory, |>earl, tortoiseshell, and 
metal. It is then called buhl work. The inlaid 
material is always very thin and is glued in place. 
This is more frequently done in veneer than in solid 
wood, and the thic^ess of the veneer usually 
represents the depth to which the pattern is inlaid. 
The forms of inlay range from simple straight lines 
of white or black wood about -^V iii- wide, round the 
edges of surfaces, to representotions of flowers and 
scenery. Figure 16 is an example of stringing and 
banding round the margin of a surface. The term 
inlay includes all inlaid work, but different names 
are given to different classes of inlay. Work of 
complicated outline, such as representations of 
natural scenes and highly ornamental patterns, is 
known as marquetry. Geometric patterns are called 
parquetry, and this term is now applied chiefly to 
floors laid with hardwood blocks arranged in any 
geometric pattern. Intarsia is a very simple kind 
of marquetry in which pictorial effect is obtained 
by a few jpieces of inlay, the grain and outline of 
which represents a land or 8ea.-sca]>e without detail. 
Buhl work, as already noted, is inlay of other 
material than wood. 

Methods of Inlaying* Inlaying of the 
more complex character is not done by cabinet- 
makers, but panels or other parts ore purchased 
already inlaid, or inlaid veneer is purchased and 
either laid on large enough to cover the surface it is 
required for, or the inlay is contained in a small 
piece of veneer out to oval, circular, or other shape, 
and let into the body of the other veneer. Patterns 
of plain outline are also sold separately. Built up 
patterns and inlaid veneers when purchased in this 
way have their parts united by Ming stuck on a 
backing of paper. This is the usual method of 
forming patterns even when done by the person 
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who afterwards intends to inlay them in another 
surface. The paper is intended to be on the outer 
side whmi the pattern is inlaid, so that it can be 
cleaned of! when the glue is set. If turned the 
other way the paper would prevent the glue from 
holding the inlay properly, for paper can easily be 
split if glued between two pieces of wood. 

Fitting Inlay into Veneer. There are 
two methods of fitting the parts of patterns 
together and fitting inlay into veneer. One is 
to cramp or stick temporarily the pieces face 
to facev and cut through both with a hue saw or 
aha^ knife to the outline required, thus obtaining 
an interior part which will fit into a corresponding 
exterior one. The other is to cut a pattern out 
separately, and lay it on the surface in which 
it has to be sunk, mark its outline with a sharp 
pointed knife or scriber, and cut out to these lines. 
For inlaying into solid wood, this latter is, of course, 
the only method. Incision is made to the required 
depth by chisels, gouges, or a knife u'ith a sharp 
point, and the recess for the inlay routed to the 
required depth, with a small router if in solid wood, or 
with a chisel when only veneer has to be removed. 
A router is a plane which can be set to cut a channel 
or recess to uniform depth. It will be illustrated 
farther on. But most of the inlaying the cabinet- 
maker is required to do is the insertion of plain 
parallel string, the channels for which can be 
cut very rapidly with a double- toothed cutting 
gauge, similar to a mortise gauge, except that the 
cutters are deep and thin, to penetrate well into the 
surface. This gauge is set to the width of the 
inlay, and makes two jiarallel cuts in the surface 
at the required distance apart. The material 
between these can be remov^ at a stroke with 
a router. The inlay is glued in, and pressure put 
on it till the glue is set. The inlay may be parcUlel 
strips cut from veneer, or more frequently it is 
bought ready cut into strips known as dring^i or 
stringing. Mosaic bandings are also often emplo3red. 
These are made up in innumerable patterns of ditler 
ent woods arranged in different ways. They are 
made by gluing up the patterns in lengths and then 
slicing off in strips about in. thick or less. The 
grain must run plankwise with the surface when the 
inlay is glued in place. Inlay designs are nearly 
always made in quantity either by gluing up a 
thick pattern and slicing off, or by sawing out a 
numbCT of thicknesses together. In either case it 
is not regarded as cabinet-makers* work. 

Other Methods of Ornamentation. 
Next to mouldings, which have been treated of in 
Joineiy, carving is the most important of all decor- 
ative methods. Carved portions of work come into 
the cabinet-maker's hands already finished by the 
carver, and he is concerned only with fixing the 
parts in place or fitting them together. The same 
is true of turned work, which is done by wood-turners. 
This is generally not intended chiefly as ornament, 
but it is so easy to make turned work ornamental 
that it is done even in the simplest and cheapest 
work, almost the only exception perhaps being the 
use of pbiin piirallel rods in some chairs and other 
articles. Those, however, are not turned in the 
ordinary sense, but made cylindrical by being passed 
through a machine with revolving cutters. Another 
form of oroament on furniture is known as ormolu. 
This consists of metal ornaments with gold plated 
or gikled surface, attached to the wood by brass 
pins or fine screws. Fretvmrk occupies a position 
of some importance in light fancy articles of fur- 
niture. In this very fine saws are used to cut 
ornamental patterns in thin wood. The lines to cut 


to are transferred from patterns on paper. Fret- 
work for the cabinet-maker is cut by machine saws 
and comes into his hands ready to l»e attached to 
the work. Pyrography, or poker work is a rough 
means of ornamenti^ a surface by tracing a pattern 
on it with a red-hot j^atinum point, which burns the 
required outline, making a slight channel in the 
surface of the wood, and showing as brown or black 
lines according to the degree to which it is burnt. 

Furniture ConetrucUon. The method of 
constructing a given article may vary with circum- 
stances. If the work has to be done as cheaply 
as possible without much regard for quality, the 
parts are prepared and put together in me simplest 
style, glue and nails bei^ the chief means of union. 
If the best work is required the best forms of joints 
are adopted everywhere instead of the parts being 
allowed to depend solely on the medium which holds 
them together. The quality and amount of 
material used may also vary. Soft wood is cheaper 
than hard, does not look so well, and is less durable. 
Pieces of wood, alike in kind, vary in quality and 
strength. Thin material may l^e used for economy 
when thicker would be more suitable, or the strength 
of an article may be diminished by economising 
material in hidden parts. There are, of course, 
some exceptions where cheapest and best work must 
he done alike, because there is no other practicable 
way. The arrangement of the parts of an article 
of furniture has to be made with a view to exterior 
apwaraiice, economy of material and labour, and 
sufficient strength to serve the intended purpose. 

Dowels are employed more in cabinet work than 
in joinery. They are used very often instead of 
tenoned joints. Figure 17 is an example. In many 
cases it is troublesome to get the centres of the 
hol(*s for them marked correctly by measurement 
or by gauging from an edge, and then other methods 
may be adopted. One very convenient way is to 
locate them by means of pin marks, as in 18. Ordi- 
nary pins are placed in the joint, and presstire applied 
so that the pin heads leave imprints on both ])arts, 
which serve as centres on which to bore the dowel 
holes. Another method is to have a number 
of centre pops [19]. These might be made of wood 
with a steel point inserted, but are better turned 
in solid metal. The body is the same diameter as 
the dowel, and is intended to be inserted in the 
dowel hole, which has first been bored in one of the 
pieces to be dowelled. The thin flange shown 
at the top prevents if from going farther in. The 
other piece of wood is then adjusted in position, 
and a tap with a mallet, or a little pressure, causes 
the jMjint in the centre to leave on impression cor- 
responding exactly with the centre of the hole 
required in the other piece. Another metliod is t-o 
cut a piece of paper to the shape of the jointed 
surface and prick holes through at the places where 
dowels are required. The paper can then be laid in 
position on each surface, and the centres marked 
through the holes in the paper. Another way 
seldom practicable in cabinet work is to cramp 
the pieces of wood toother and bore entirely tlirough 
one piece into the other. 

Insert ioti of Screws and NaiU. 

Screw and nail heads are seldom allowed to show 
on exterior surfaces. Where po.<isiblo they are put 
in from behind as described in joinery. Screws 
with rounded heads are preferred when the heads 
cannot be concealed. In some cases screws with 
flat heads arc provided with metal cups which give 
a neater appearance. Nails are punched below 
the surface with a hammer and punch [20], and 
the holes filled flush with wax stopping coloured to 



«uit the wood or stain. Figure 21 sIlows a method of 
withdrawing a nail without injuring the surface of the 
wood. The blade of a square or other sheet metal 
is laid on the surface to receive the leverage of the 
pincers, and so prevent the wood from being bruised. 
Figure 22 shows how screw holes may be countersunk 
by scooping out with a gouge. This is not quite so 
neat a method as with a countersink bit, but is more 
expeditious, and is frequently adopt^ Needle 
points are used for attaching light mouldings and 
other parts. They are similar to ordinary needles, 
but without eyes. They are driven in the required 
distance, and then snapped off flush with the sur- 
face, and, of oourse, are then almost invisible. 

End grain appearing flush with a surface plank 
way of the grain is objectionable, and therefore 
tenons are seldom carried through unless at Ihc 
back of an article where they will not be noticeable. 
Even under veneer through tenons are objectionable, 
because a slight amount of shrinkage causes them to 
bulge the veneer. In other cases end grain is gener- 
allv allowed, if possible, to project beyond to avoid 
a flush joint. Except when they are glued, flush 
joints are always objectionable, even when the 
grain of each part corresyKinds, and consequently 
they are usually beaded, or moulding is attat;hed 
to conceal then>. The shooting board is used a 
great deal by cabinet-makers. Small pieces of wood 
are often sawn, and planed with the tools in an 
inverted position as in 23 and 24, the saw or plane 
remaining stationary and the wood being worked 
backwards and forwards. 

Construction of Table Tope. The tops 
of tables, counters, sideboards, bureaus, etc', are 
frequently thickened or lined up at the edges, as 
described in Joinery ; but there are several 
methods of building uy» the main surface. The 
simyJost way is not to build up at all, but take 
solid board of the required length and width, and 
keej) it flat by its attachment to the framework of 
the article, while at the same time allowing it freedom 
to shrink or swell without splitting. If very wide, 
this is usually done by buttoning. (k)raparatively 
nari'ow widths may be screwed or nailed with 
safety, but glue should never be used except in 
cases where tW grain of the parts it is attached to is 
arranged in the same direction so that all these parts, 
if well seasoned, when put together can be relied 
on to shrink or swell similarly. Another method 
of ke<*p!iig a top flat is to dowel or tongue flush 
cleats to the ends, generally with mitred comers. 
This is satwfactory if the woJxi is well seasoned, and 
the width not very great. A better way is to frame 
and panel the top with a flrish panel as in 25. Here 
also the cjorners are better mitred, and the joints 
strengthened either by tenons or dowels. Another 
method is to half-lap the joint and mitre the upper 
face only. 

The tops of writing-tables panelled as in 25 
generally have the panM slightly below the surface 
of the frame, so that leather or cloth can be glued on 
the y)anel to make a flush surface. When iwjlid tops 
are covered with leather, the border round the 
leather is veneer glued on. Veneered tops should 
have their edges corresponding in appearance with 
the veneer, so that it looks like solid wood, and as 
edges are generally moulder!, and therefore diflicult 
to veneer, the top is built up as in 26. A core of pine 
or cheap mahogany has an edging of more costly 
wood, corresponding with the veneer, glued round 
it, end ^am pieces frequently being put on the ends. 
Both the upper and under faces of the core are 
generally veneeied, so that the core is entirely 
enclosed. In such cases it is very often cross 
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veneered, as in 26. Another method is to frame as in 
25, making the frame of, say, mahogany or walnut, 
with a pine panel, and to cover this with veneer 
to match the frame, the veneer generally standing 
its own thickness al^ve the surface of the frame, 
as in 26. Another way is to put a hardwood edging 
with mitred corners round a pine frame and conoecd 
the latter by covering with veneer or leather. 

Carcase*. Carcases may bo either panelled or 
plain boarded. Sometimes a skeleton framework 
of posts and rails is built to attach the panels or 
boards to, and sometimes there is no such frame, 
but the parts are fitted together at the comei'S in 
box fashion, either dovetailed, tongued, and 
grooved, or, in some cases merely nailed or screwed 
or secured by glue blocks. The method depends to a 
large extent on the character of the article. In 
cabinet work, parts are sometimes panelled mainly 
for appearance. Carcases intended to stand on the 
floor, without legs, usually have a few inches of 
plinth below the baseboard of the carcase. In heavy 
articles of furniture this plinth is sometimes separate, 
the carcase merely resting on it ; but in most cases 
the sides of the carcase either extend below the baso- 
bofird, and tlie plinth is screwed against them, or the 
plinth is partly against and partly beneath, and 
secured by glue blocks or screws or nails. 

A simple example of a carcase is shown in the 
bookcase [27], the frame of which, with plinth and 
cornice removed, would con.siBt of two plain up- 
rights with shelves fitted between. The uprights 
should, to make the most substantial job, continue 
to the floor, and the plinths be nailed or screwed 
against them from the inside, the plinths being 
simply an increase in the thickness of material at the 
sides. The plinth along the front would have the 
edges of uprights and fcwittom shelf to bear against, 
and would be secured by glue blocks in the interior 
angles. A plinth at the back would be treated 
similarly, but generally plinths and cornices arc 
carried only round front and sides, leaving the 
back a plain flush surface. The cornice is built up 
by first covering the top ends of the uprights with 
a plain board, overlapping an inch or so at ends and 
front, and then fitting moidding beneath this 
attached in the same way as the plinths, by nailing 
the end pieces and blocking the front. The objection 
to gluing the ends is that the grain crosses. So 
far the constructive details have been illustrated in 
Joinery, but an importiint matter to be considered 
now is the attachment of shelves to uprights. 

Method* of Fitting Shelve*. There are 
a number of ways of fitting shelve'*, and, as a rule, 
in cabinet work they must be fitted securely without 
exterior sign of how it is done — that is, without nails 
in the ends, on cleats beneath, or rebates showing at 
the front. Shelves for books are often mode adjust- 
able, bilk at present we are considering fixed shelves of 
all kinds, including bearers and runners for drawers. 
In an article with plain shelves fitted to plain sides, 
as in 27, the shelf ends would be rebate into the 
sides by one of the methods show'n in 28, A, B, C. 
The graves in the sides, however, arc stopped about 
I in. short of the front, as in 29, and the shelf ends 
notched to correspond. The shelves are inserted 
from the back. A plain rebate or housing, ns at A 
in 28, affords satisfactory support for the shelf, and 
is more easily made than the dovetailed grooves at 
B and C ; but the advantage'^ of the latter are that 
they tie the sides and keep tiiem tightly up to the 
shelf ends. Orrlinarily, however, the plain housing, 
as at A, is used, and the aides are secured at top and 
lx>ttom ; 86 shows how these hoiunngs are cut. 
At the ri^t-hand end of 86 , a tenon saw is being 
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used to cut the depth, an Inch or so at the front 
having previously l)een cleared out with a chisel 
to allow the saw to work. At the left of 80 a router 
is being used to cut the groove to a uniform depth. 
Generally, a chisel would be used first to clear most 
of the material out. A rebate plane might be em- 
ployed in a long groove, instead of a router, but the 
fore part, which could not be touched by the plane 
iron, would have to be finished with a chisel. 

1 he top of the bookcase in 27 would in most cases 
be nailed on, and the bottom shelf might be nailed as 
the plinth would afterwards cover the nail heads, 
but this could be avoided by the use of glue blocks 
beneath, and generally the ends of this shelf would 
fit in ve^ grooves and be glued. 

Methods of Fitting Drawer Runners. 
Figure 81 represents a case or pedestal with runners 
and bearers to receive drawers. This is an example of 
sides tied at top and bottom, and requiring only plain 
grooves for the runners. At the bottom a complete 
frame stub-tenoned together is screwed or nailed 
into rebates, which may run right through to the 
front, as the front edge, and also the screw heads at 
the sides, are aftcrwtuxis concealed by a plinth. At 
the top, stretchers are dovetailed in. The inter- 
mediate runners are then not required to play any 
part in tpng the sides, but are slipped into plain 
rebates. Details are shown in 82 of a grooved side, 
and a runner with its tenon to fit into the bearer in 
front. The inner edges of runner and bearer are 
shown grooved, as would be the case if a panel or 
dustboard was to be inserted between drawers. 
Figure 88 shows another method in which the side 
of the article is not grooved for runners, but recesses 
are cut instead to receive the ends of the bearers at 
the front and the back ends of the runners at the 
back. In a few cases bearers are tenoned completely 
through sides, but, os a rule, a shallow recess only is 
cut. A rail or bearer connecting the back ends of a 
pair of runners is not necessary unless to serve as a 
tie to the sides, or stiffen a back. Runners are often 
made of oak or other hard wood, which will not get 
worn very readily by the drawers slidmg on it. 

Attachment of BacKs and Tope. Backs 
are tonguod into a groove as in 84, or fit into a rebate, 
as in 8o, or in rough work are simply nailed on the 
surface. A back may be simply a plain, thin piece 
of wood, or it may be framed and panelled, or a 
middle course is to make it as in 86. In 86, A, it 
fits in grooves at the sides, but is not enclo^ by 
top and bottom rails as panels would be. The 
muntin in the middle is screwed or nailed to top 
and bottom of the carcase, but the boards in the 
grooves m^ be left free to contract or expand. 
Figure 86, B, is a modification of this, and is very 
commonly adoptc^l. Instead of the edges of the 
thin boards fitting into grooves as at A, they are 
kept in position by one or more rebated bars, as 
shown at B. The thin pieces, as well as the bars, 
are generally nailed to the carcase. 

Tops may be simply nailed on, or dovetailed in, 
or screwed from beneath, or fitted on to a dove- 
tailed tongue, which may be nailed on the ends, as 
in 37. In all these cases, when the grain of top and 
sides coincide, glue blocks may be used also, if there 
is no objection to their presence. In most cases tops 
lap over, as in 87, but when the ends have to be 
flush, the best way is to dovetail them in with lap 
dovetails, which do not show on the sides. When 
tops are screwed on, the screws are usually put from 
beneath through stretchers, which themselves are 
lap dovetailed in, os in 81. 

In 88 we have an example of carcase work first 
framed and afterwards covered as required, the 
6586 


boarding being attached by screws put through 
from the inside. It represents the skeleton carcase 
for a chest of drawers. All the material in the frame- 
work is, say, 1 in. thick. The boarding at the ends 
would be, perhaps, | in. ; the back ^ in., or less, and 
the top 1 in. As the sides of the frame are to be 
covered, there is no objection to carrying the tenons 
thi'ough the uprights, and screwi^ the side and 
back uprights together as shown. The runners are 
tenoned at front and back, and notched into the 
side uprights. The ends of the longitudinal rails at 
the top are dovetailed to the tops of the uprights. 
The uprights at the front are, say, 4 in. wide, and 
all the other parts 3 in. This framework is, of 
course, equally suitable for attaching panelled sides 
and back to. 

As an alternative to grooving, p^els in cabinet 
work are sometimes inserted as in 89, a rebate being 
planed or a bolection moulding glued on the front, 
and a fillet bradded round the back to keep the 
panel in. 

Figure 40 is a face view of a frame for a panelled 
side or end showing how the bottom rail is kept above 
the floor. The lower part is afterwards covered by 
the plinth, which laps about an inch above the lower 
edge of the rail. The jointe are either all stub- tenons, 
or, us there is no objection to it, the back tenons are 
sometimes continued through, as shown. 

Framed WorR. This consists of rails and 
posts, or legs, not boxed in, chairs being the com- 
monest example. The parts are united by dowels 
or tenons, or small members have their ends housed 
into larger ones, or, in the case of cylindrical parts, 
the end of a member may be reduced in diameter. 
Examples of these are shown at A and B in 41. 
These are usually held by glue alone, but occasion- 
ally fox wedges are insertSl. But if the parts fit 
tightly and are well glued there is little risk of their 
ever coming apart. An article like 42 is built up 
by gluing tne ends of the columns into holes in 
the shelves, as in 48. If the shelves are very thin 
pieces may be glued to the under-surface os in 44, 
to increase the depth of the stud holes, the pieces 
lued on appearing a.s }mrt of the column. If it is 
esired to stiffen the shelves to prevent war]jing, 
battens may be screwed across in place of separate 
blocks, and the stud holes may be bored through 
these. The stumps of drawers are fitted into blocl^, 
as in 44. In some cases they are screwed in. Wood 
• drawer knobs are generally screwed into the drawer 
fronts. 

Figure 46 is an example of framed work in which 
some amount of building up is involved to obtain the 
required curves. It is the frame of a semicircular 
washstand intended to be covered with a marble 
top. The details of its construction are shown in 47, 
in which it is turned upside down. The semicircular 
top on which the marble rests is formed by gluing 
two layers of segments which are aftei wards 
worked to the sweep on the outside and veneered, 
the inside being left as it leaves the bandsaw. A 
bead is formed on the lower edge by nailing on a 
thin layer of sesmente with outer edge rounded 
and projecting. The ends of the sweep are connected 
by a straight rail notched in flush, and forming the 
back of the table part. A transverse bar extends from 
the middle of this to the sweep, being notched flush 
into the under edge'of the lattar and covered by the 
bead segments, and nailed on to the edge of the bock 
rail, the depth of thcirail being less than that of the 
sweep. The main purpose of this transverse bar is 
to povide an attachment for the top of the pillar, 
which comes within the curved front. The base is 
a piece of }-in. wood lined up to about 2 in., and 
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veneered. It does not rest directly on the floor, but 
on projections extending about an inch below the 
thickening or lining pieces. The two back uprights 
are carri^ through, as shown, to form feet at the 
back, and one oilier is formed at the front by a pad, 
which is nailed on. The pillar is slip^ied in after the 
parts are together, and nailed from above and below. 

Brackets, either of metal or wood, arc often used 
to strengthen joints. A wood bracket is shown in 4S. 
These are roughly sawn, but the angle of the back 
must bo accurately finished. They are used only in 
hidden parts, a common instance being the interior 
angles of chair seats. Where brackets are required 
in exposed places they must be neatly finished, gcner> 
ally to a more or less fanciful shape, and if of wood, 
the screws are inserted through the work into the 
bracket instead of through the bracket, as in 48. 

Chairs. The seats of these, when not of solid 
wood or turned rings, are usually dowellod or 
tenoned, and glued, and sometimes strengthened 
by brackets of wood or metal screwed into the 
interior angles. The back and back legs are in most 
cases continuous, and the seat notched into them 
and screwed or nailed. The front legs ai*e glued into 
bored holes. Rails connecting the legs are glued in 
similarly. Cross-pieces in the back are tenoned, or 
dowelled, and glued. Very often some of the parts 
are of bent wood. Special appliances are employed 
for making these. It is done by steaming the wood 
and clamping it in an iron mould, the mould itself 
often being formed with a chamber and pipe for 
steam heating its surfaces. 

Tables. The methods of framing the legs and 
rails and buttoning on the tops of plain tables has 
been described in Joinery. Small tables, such as 49, 
do not require such elaborate methods. The top 
would not be buttoned but screwed on through the 
rails, or if very narrow, glue blocks might be used. 
The rails might be hous^ or tenoned into the legs, 
but in most cases would be dowelled. The bottom 
rails, to which the tray or shelf is attached, might 
be housed into the legs, as in 50, and the tray notched 
to fit the legs. The rails then would be glued in and 
nailed through the inner faces of the legs, where the 
nails would not show, though in many similar coses 
(here is no objection to putting fine nails through 
from the outside if required. In some ca.se8 the tray 
might be attached to the under edges of the rails 
instead of on top, and then would be nailed to them. 
Figure 51 is a heavy writing-table, which does not 
differ ^atly in constructive details from plain 
tables described in Joinery. Its frame is arranged 
to receive two drawers in the side instead of one in 
the end. Its top is built as in 26, but covered with 
leather borderea by veneer. Its turned legs, with 
castors, are a detafi which does not affect the con- 
struction of the table. A general view of the frame 
with top removed is shown in 52. The lower bearer 
is tenoned into the legs while the upper one and the 
end and back rails are dovetailed into them. Drawers 
are constructed as in 58. In cheap work the backs 
are nailed instead of dovetailed. 

extension Tables. The commonest form 
of extending table is shown in 54. In this 
there are double rails secured to the legs at oppo- 
site ends, and, when closed, the free ends of 
each pair of rails fit loosely into housings in the 
le^. They arc also tied laterally by stretchers. The 
rails are kept in alignment by tongues and grooves, 
usually dovetailed, as in 55. Large tables of this 
class have three sets of rails, the middle ones being 
supported by the others or by extra legs. The frame 
is usually extended and closed by a screw worked by 
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a key, and a separate leaf fills the space left when the 
ordinary top is opened. Another rorm of table with 
a folding top is shown in 56. In this the top is 
pivoted, so that when unfolded it can be swung 
round at right angles to its position when closed, 
the long way of the frame then affording sufficient 
support for TOth flaps. When square legs of tables or 
other articles are tapered, as in this example, all the 
taper is out from the inner faces. 

Flap Tables. Ordinary flap tables have their 
flaps supported by brackets, swinging legs, or slides 
wmch draw out from the frame. Figiire 57 shows 
methods of attaching brackets to the rail of a frame. 
The simplest is to hinge them, as at A, but for 
appearance the joints at B and C are preferred, C 
being considered the neatest ; B is known as a finger 
join^ and 0 as a knuckle joint. Another way is to 

e ivot a piece in the top of the rail, as at D, which can 
B swimg out to support the flap. The point in 
favour of this is that it lies flush with the rail when 
closed. Swinging legs are hinged, as in 58, sometimes 
with a tie near the bottom as dotted. The rule 
joint [59] is the usual method of hinging flaps. 

Articles with more than three legs sometimes 
require levelling to prevent them fmm rocking, duo 
generally to inaccuracy in the superstructure. The 
exact amount to cut off may be marked as in 60, 
by standing the article with three of its legs on 
blocks of equal thickuess on a true surfiice, and set- 
ting a fourth block against the fourth leg, which 
should be the one which requires cutting; The top 
surface of this block represents the correct length to 
cut the leg to. Another way is to mark from the 
floor with dividers instead of getting the depth 
from a fourth block. 

Writing-tables and DeaRs. These are 
generally of the pedestal type, with a kneeholo 
between. A table in which the top and pedestals are 
in separate parts is shown in 61. The construction 
of a ][>edestal has already been illustrated in 31 ; 
62 shows how the top is framed. The grain of the 
ends runs horizontally, but in this example the 
table is veneered and the grain of the veneer on the 
upper ]iart is made to correspond with that of the 
]i^estals. 

More frequently pedestal tables are made in one 
framework. Figure 63 is the carcase of a cylinder 
fall-desk. The sides are shown plain, but in many 
cases would be panelled. The table generally fits 
in grooves in the ends and is made to draw out 
several inches beyond the front. Figure 64 is an end 
view of the fall It is pivoted at the centre from 
which its curve is strucl^ the connecting pieces gener- 
ally being of hoop-iron. It is staved up on a block as 
in 65, and the staves should be dowelled or touted 
as well as glued. The back of table and back of fall 
are usually connected, so that the fall opens when 
the table is drawn out and closes when it is pushed 
in. Figure 66 is another form of roll-top desk with 
a flexible fall. This is an improvement on the 
cylinder fall, and is now in more common use. 
In this the fall slides in grooves in the ends. It 
is formed by gluing strips of wood on canvas, 
as in 67. The pedestals are panelled and 
connected by a panelled back and by a stretcher 
in front secured by metal angle brackets. The 
drawers lock automatically by means of catches 
which clip their backs. These catches are released 
by pressure of the fall when it is pushed back as 
far as it will go. The lock on the mil is of a kind 
which locks itself when the fall is drawn down, and 
requires a key only for unlocking. Theso desks are 
usually made of oak. The table is solid board screwed 
directly on the pedestals. A writing bureau is 
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shown in 68. The cover is hinged, and when opened 
is supported by two slides which draw out from the 
carcase. On writing-tables with level tops loose 
desk slopes are often used. These are very simple 
in construction, sometimes consisting only of a 
piece of board tilted by two tapered battens screwed 
to its under surface. 

RooKcases. Sometimes these consist merely 
of an open carcase with shelves, but to keep dust 
from the books the best cases are fitted with glass 
doors. A common type of bookcase is shown in 69. 
In this the upper doors are glazed and the lower 
ones wood panelled, as there would be some risk 
of glass getting broken in the latter. The parts are 
made separate, as in 70, and the lower part is wide 
enough to project 4 in. or 5 in. in front of the upper, 
thus providing a useful ledge and being better 
proportioned for the larger books it is intended to 
contain. The upper part should have a vertical 
partition in the middle behind the meeting stiles 
of the doors. If the length of the shelves exceeds 
4 ft. the lower part would be better with a similar 
]>artition. The upper part is lap dovetailed at the 
comers, and the partition housed in and screwc^d. 
The lower part has two stretchers lap dovetailed 
in at the top, and its bottom may be housed and 
nailed if covered by plinth, or fitted into a dovetail 
groove and glued, and in either case may be further 
strengthened by glue blocks in the angle beneath. 
The front edges of the sides may have pieces glued 
on to form pilasters, thus giving the side® an apj^ear- 
anoe of greater thickness than is actually the case. 
A top is screwed on to the stretchers of the lower 
part, and the upper part is screwed on to this. 
The doors of the upper part arc hinged on the face 
of the frame. 

Shelve.® are generally made adjustable in height. 
A common metho I of doing this is to screw saw- 
toothetl strips about | in. thick against the sides, as 
ill 71. Bearers of similar thickness are made to fit 
between, and on these the shelf ends rest, the ends 
being notched at each comer to clear the saw-tooth 
strips. The alternative to this method is to have 
two columns of holes corresponding with the saw- 
teeth in the last example, and to insert pins in the,se 
to support the shelves. These ])in8 are of metal, 
and there are several varieties of them. 

Sectional bookcases have become very jxipular 
and are best where the number of books is constantly 
increasing. Bookcases like 69 look well as an 
article of furniture, but they are suitable only for- 
a fixed quantity of books. Sectional cases consist 
of a number of separate boxes each with a capacity, 
say, for twenty average books. These sections arc? 
all alike and provided with simple means of uniting 
them end to end or one on top of another. A glass 
door may be fitted to the front of each section. 
A convenient arrangement is to hinge the doors 
at the top, and make them so that when lifted into 
the horizontal position they can be slid back into 
the case, leaving the front clear and the books 
uncovered. 

Wardrobes and Cabinets. Wardrobes 
are a common example of large carcase work. They 
are usually made in three parts, the plinth and 
cornice being separate from the body, and these 
parts fitting together loosely with blocks or dowels 
as guides, and in some instances screwed together. 
Figure 72 is an illustration of an ordinary plain ward- 
robe. It has a drawer at the bottom, and the door 
in the middle is panelled with a mirror. The sides 
are lap dovetailed to the top and bottom similarly 
to the bookcase in 70. In the best work, backs are 
panelled, but generally matchboarding, ply board, 
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or a number of panels between muntins, us in 86, 
are put in the back. As the doors of waidrobes do 
not extend across the entire front, pieces, either 
panelled or plain, must be put on. In many cases 
these are nailed or screw^ directly on and the 
holes plugged. Where this is objectionable they 
are glued and dowe led, or screwed from the inside, 
and sometimes glue-blocked. Figure 73 shows a 
joint between front and side. With a drawer at 
the bottom, as in 72, the parts of a large wardrobe 
would generally be jointed at the bead above 
the drawer, and the plinth would generally 
be solid with the lower part, as in the book- 
case [69]. The methods of constructing more 
complex wardrobes do not differ much from what 
has already been described. Doors, whether in 
the middle or at the sides, close against the front 
edges of the frame, as in 74, which is an example 
of a door hinged to a side. Drawers in the low'er 
part genera II work between pilasters formed as in 
70, guides of course being required flush with the 
pilasters, and the width of the latter reprosenting a 
corresponding reduction in drawer widtli, the space 
behind the pilasters not being utilised. Beads are 
often formed as in 73, where joints occur on the 
outer faces of front and sides. 

Figure 75 is a cabinet with glass doors, and drawers 
and table above. Its carcase is framed witli 
bottom, shelf, bearer and runners for drawers, and 
stretchers dovetailed in at top to screw the table 
on to, none of which differs essentially from what 
h'ls already been described. The back portion, 
which forms the main support of the upper shelf, 
is panelled and screwed on behind. Figure 76 is 
another form of cabinet, veneered, inlaid, and 
decorated with ormolu. It has three doors, the 
middle one containing a mirror, and the two side 
ones being curved, with glass panels. The cui'ved 
rails of these doors might be of solid wood worked 
to the sweep and veneered, but the best way is to 
form them of a number of layers of veneer bent 
round a block and glued together. The base and 
top may be built up as in 77, and the four uprights 
which enclose the doors may be halved in flush 
w'ith the outside faces, and the outstanding blocks 
put on after. 

Glass in Furniture. The ordinary 
methods of inserting glass are showm in 78 to 80. 
In 78 the glass drops into rebates and is secured 
by wood fillets behind. The method shown in 79 
is suitable only for mirrors. In this the gla.ss goes 
into a rebate as before, but is protected behind by 
a backing of flannel and boaM, the flannel being 
flush with the back of the frame, and the board 
siTOwed on. In 80 the glass fits loosely in the 
rebate, and is centred ancf secured by glue blocks 
as shown. Glass divided by ornamental bars 
into a number of panes is fitted similarly to that 
in ordinary windows, except that wood fillets are 
more generally use^ than putty. When these have 
to be Dent to curves they are generally of birch or 
other flexible wood. Where the bars form a very 
ornamental pattern they are sometimes merely 
stuck on the surface of a single sheet of glass. 
Plain and bevelled mirrors may be purchased in 
great variety of size and shajie, or can be obtained 
to order. 

MiscellaneouA. Figuie 81 is the frame of a 
couch. The feet are supposed to be dowe led to the 
under i)art of the frame. An alternative is to tenon 
the rails in similarly to those of a table. The upper 

S arts which form the back and end are tenoned or 
Dwelled and glued in the most convenient way 
to produce the outline desired. Figure 82 shows the 
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usual method of fitting the feet of circular tables 
and other articles into the centre post. Screw heads 
are sometimes concealed by gluing buttons f88J 
over them. Three methods of forming rounding 
interior angles in frames are shown in 84 to 86. 
Figuie 84 is satisfactory, but involves either gluing 
on a piece or cutting out from one of the members. 
Figure 85 is a good method when the parts are 
mitred. Figure 86 has the advantage of allowing 
the straight pieces to be planed up parallel. 

Glue blocks', as illustrated in Joinery, are very 
commonly used in cabinet work. In many instances, 
where widths are not great, they are used across the 
grain. The union of rails to table legs, for instance, 
is often strengthened in this way. Wire nails are 
very often used on exteriors without any attempt 
at concealment, while in other cases they are punched 
in and the holes stopped, but their presence can, of 
course, be detected if they are looked for. Metal 
coimoctions, such as brackets and thin plates or 
strips, screwed on, will often make a substantial 
job of what would otherwise be weak owing to 
slender proportions of wood or a difficulty in 
making a sufficiently strong joint between parts. 

All parts of furniture that are either ornamental 
or standard in form may be purchased ready made 
at not much higher prices than the cost of the 
material. Thus, prepared and carved panels, pedi- 
ments, brackets, trusses, plain and embossed 
mouldings and beadings and pressed wood orna- 
ments, can l)e more economically purchased than 
made. All kinds of turned work, such as legs, 
spindles and knol)s, are kept in stock by turners 
and seldom require making to order. There are also 
so many designs in inlay available that the cabinet- 
maker never needs to do anything more than select 
from them. All these articles may be purchased 
either from specialists or from large firms that 
stock all of it. 

Glaas-^apering. On a large scale this, and 
scraping al^, are done by machines. Glasspaper is 
used first to remove tool marks and other slight in- 
ecpialities and secondly to make sinfaces smooth. It 
is necessaj:y to rub down with glasspaper after the 
first coats of varnish or stain have dri^, to remove 
the roughness caused by the raised grain. Surfaces, 
therefore, have to be glasspaper^ two or three 
times in the course of finishing the work, and each 
time paper of finer grade, or paper that has been 
worn finer by use, is required. A flat surface is done 
with the dasspaper, kept fiat on a rubber as in 87, 
and the direcUon of the rubbing must be with the 
grain or the surface will appear scratched. Cork 
rubbers are best, but often a block of wood is used 
instead. Rounding surfaces are done with the hand, 
as in 88 and 89. Hollows are fl^erally managed 
similarly, though in some oases rubbers of the correct 
shape are made. Quirks and narrow places may be 
rubbed with paper sim^y folded, as in te, or wrapped 
on a thin piece of wood or metal. 

Staining. This is done to improve the colour 
of soft and cheap woods and make them resemble 
more expensive varieties. The resemblance, however, 
is chiefly in colour, for in most cases the ^ain shows 
unmist^ably what the wood actually is. In 
staining, any inequalities in the shade of the natural 


wood are corrected. Some parts are generally 
lighter or darker than others, and this lool» especi- 
ally bad when tw'o pieces are glued together, and the 
joint is made conspicuous by a sudden change of 
colour. This, of course, is avoided as far as pos- 
sible in selecting the wood, but it is further corrected 
by applying an extra quantity of stain to light 
parts to make the colour uniform. This matching 
of the colour of parts is done more or less in nearly 
all polished work, even when the natural colour 
of the wood is supposed to be showing. Stains are 
sold in liquid form ready for use, and are applied 
with a brush. Hard wo^s may sometimes ^ im- 
proved in appearance by having their natural colour 
darkened. Wood darxens with agB hut is done 
artificially by oiling, by staining, or, in the case of 
oak, by fumigating with ammonia. 

Polishing. This is the usual method of finish- 
ing cabinet work. There are several ways of doing 
it, but by far the commonest is known as French 
polishing. In this the polish is simply shellac 
varnish (which is shellac dissolved in methylated 
spirit) applied with a rubber instead of a brush. 
In order that the polish may be permanent it is 
necessary to ensure its not booming absorbed into 
the wood Burfat^e and losing its lustre. The pores of 
the wood, therefore, are filled by rubbing in a filling 
medium to economise time and material in applying 
the polish. There are many fillers employed, 
plaster of Paris and whiting l^ing common ones, 
made into very thin paste with oil, water, or tnr- 
pentine. The filler should be coloured to suit the 
wood. After this has dried and been rubbed do \\n 
the process of bodying in begins. 

The rubber with which polishing is done is a pad 
of cotton-wool damped with polish and wrapped in a 
piece of soft linen rag, one thickness of linen only 
covering the wool. The polish is rubbed evenly and 
quickly with light pressure of the rubber over all 
parts of the surface to bo polished. The movements 
of the rubber are unimportant as long as all parts 
are treated equally. As the rubbing proceeds, the 
polish dries and the pressure then may be slightly 
increased. A little linseed oil is appbed to the linen 
when it does not move freely over the surface, but 
too much oil will make it impossible to get a good 
polish. This bodying in should properly be done 
three or four times, with intervals of several days 
between each, otherwise it is likely to sink in and 
diminish the lustre of the polish. The coat of polish 
should be as thin as possible, to show up the figure of 
the wood and avoid the yellow colour of a thick 
coat of shellac. The bodying in is followed by a con- 
cluding process called spiriting off. In this a very 
thin iK>lish and finally methylated spirit alone is 
used to remove oil, smears, rubber marks, and any 
inequalities. It is, in fact, polishing the surface of 
the coat of^hellac, and, if carried too far, will dis- 
solve and remove the shellac and so spoil the work. 
The final rubbing should follow the grain of the wood. 
The pressure should be light and the rubber kept 
moving. Intricate parts are difficult to polish, and 
are generally given four or five coats of thin varnish 
with a brush. 

The mediums used in other kinds of polishing 
are chiefly wax and oil. They give comparatively 
dull results and are used only for sfiecial purposes. 


Cabinet- MAKING concluded; followed Upholstery 


6591 




0592 


WOOL AND COTTON WOVEN 7ABB1CS: EOtTB BBFBATS StTITABLB FOB WBAVlNa 


_ Group 8 

DESIGN FOR WOVEN FABRICS desion 

Pattern Made by Interlacing Warp and Weft. Reversing and Other Repeats. 6 

Designs for Madras Muslin, Lace Curtains, Chenille, and Silk Fabrics o<Hiti«iu«a 

from pogo saira 

By H. NAPPER 


the designer the amount of different 
materials and the variety of methods of 
weavii^ offer such an enormous held for his 
invention that it is difficult for him to keep 
in touch with the changes in production and 
vagaries fashion to which the market is subject 
Uidike other forms of material that require 
pattern, such as carpets and printed goo^ — 
where there is veiy little in the way of change 
in method of production — ^tapestries, silks, and 
other woven fabrics are constantly undergoing 
change in the desire to get different mixtures 
in wearing so as to give new features to the 
material and to compete with other firms in 
producing something new. 

The iSaeic Pattern in Woven Fabrics. 
The simplest form of woven fabric, which must 
be made by the interlacing of warp and weft, 
immediately begins to give texture or pattern. 
Ordinary matting gives a good idea. There you 
have the pattern made by the material. This 
makes designing for woven materials interesting 
to the craftsman because the design becomes 
a part of the material, and in some cases the 
beauties of the fabric must have pattern before 
th^ can be seen. 

Patterns are made for wool, cotton, polished 
cotton, silk, satin, chenille, etc., and an 
endless variety is made, again, from mixtures 
of one, two and three of mese together. The 
many uses to which these can be applied also 
make a great demand for variety in style and 
size of design. It is not necessary for the 
designer to have a thorough practical or inside 
knowledge of the way in which these fabrics 
are woven or to put his productions on to ruled 
paper, for, with the exception of Madras and the 
coarser forms of tapestry, the actual drawing 
can be reproduced with the most delicate forms 
copied exactly^ 

Repeats Economical for Weaving. It is 

necessary to bear in mind that a drawing, even 
for the finest damask, must be put on ruled paper 
(before the cards for weaving are cut) inside 
the factory, so the size of the design becomes 
a matter of cost in the production, especially 
^garding the heigl^t. There are shown in 
iilustrations four methods of weaving, which give 
some idea of economy in repeat. The first [11] 
shows the ordinary “ reverse drop.” It will be 
noticed that in the lower ri^t-hand comer is a 
part enclosed within dotted lines, within which 
are a few alterations ; centre leaves are not the 
same — a line is introduced across the stem. 
These things might be done in designing to ease 
the effect, but to get it would mean that the 
cost of production would be increased. In 12 
is shown a very useful method of weaving. 
Although this looks like a long pattern, itw 


really only half of what it seems. When she 
cloth is woven, say, to the top of the flower, the 
cards are revered or turned over, and the 
pattern runs again the other way. Various 
names are given to this repeat — “ chasing,” 
“ turnover,” “ bosom,” etc. A reversing side- 
repeat is shown in 18, and another form of 
chasing or side-repeat in 14. These present the 
only methods of getting large-looking patterns 
in small repeats. The third is, of course, 
economical in that it reverses exactly. Those 
repeats apply to almost every form of waving. 
There are, unfortunately, no set sizes for widths 
of design, as in print^ papers and fabrics. 
This makes it ffifficult for the designer. 
Some English and most of the Continental 
manufacturers use 25 in. width, making 12| in. 
for reverse, again divided into 6| in. Other 
looms are only used for sizes of 9 in. to 
18 in. reverse, thus making material into divisors 
of yards, similar to carpets. 

Madras Mualin Designs. The simplest 
form of weaving for which the designer can 
start is Madras, or lace muslm. Madras muslin 
is used for curtains hanging in windows, etc., 
as for the greater part of the time light is 
seen through them. Experience will teach 
that solid masses should be used sparingly, 
and if the design contains large objects they 
should be broken with half tones so that the 
lightness of the material is not destroyed. In 
single cover — that is, with ground work woven 
in fine yams of warp ana weft — with heavy 
second weft to make the pattern by interlacing 
with the ground yams, where this weft is not* 
attached to the ground to make pattern, it 
is afterwards cut away by means of a clipping 
machine. Although the effect of this is one 
colour in white, cream, or ^cru, a great variety 
of effect can be obtained by using the weft in 
horizontal lines, with ground riiowing between, 
or by dots [16], The more even the we^ht ie 
the netter the curtains will hang. It is not 
necessary to work the design elaborately with 
lines ; a half-tone wash will show what it* 
intended. Make the design on thick tracing 
paper or ordinary brown paper, so that the 
effect is always seen light on dark, and keep the 
detail large to allow for easy rendering on the 
ruled paper. In describing this,* one warp and 
two wefts have been mentioned, but the designer 
need only think of the material as in the one weft 
or shuttle. The ground is not counted, it being 
a necessity; merely the net in which hi| 
pattern is woven. 

Various qualities of this material are made, 
coarse and fine. Other shuttles are added, 
making it two, and sometiines three cover. 
For two, a good way is to use one for outlines 
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18 . EXTRA OOLOtTR WITH TWO WEFTS BOXED 19 . EFFECTS FBOBC laXTUBE OF WARP AED WEFT 



80 . WEFT PLAETBD 81 . WARP PLAETED 

KXXTYTBES AXD PLAKTIEO £N WOVEN FABRICS 
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and half tones, using the second te ** chinisiiig*’ 
or phuiUng (described later, in the heavier 
fabrics). These can again be mixe^ & 

great variety of effects by the use of ta&, cotton, 
and tiosel Afanost any width can be used to 
the repeat from 8 in. to 24 in., and any reason- 
able height I^KKild borders be neoesaarjr, keep 
the aame hd^t as to tilluig or a divisor of 
same. . 

Lnce Curtaitts. Curtains afiow much more 
freedom in desigii than Madras, and also 
more ^SectB> whieh are best repmented by Hake 
white and washes of various depths on a darir 
blue or black ground. The great scope aOowed 
is shown in iUnatrations It and 17, hy difidfent 
borders on either side, free snd reverse dados, etc. 
Almost anything can be represented in this 
material, as a gkmce at the various windows in 
any street wiD show. The beantifol quahties 
of kaii^-made lace do not concem the maker of 
patterns^ as all the woven fabrics described m 
these articles are made by machinery. 

MI x t nrnn mad Plaallag. In nearly all 
fabrics composed of wcKd or cotton, generally 
termed tapestry, the pattern or colour parts are 
made fay the weft, the ground hy tl^ 

This is always the case with the best quahties, 
and in the Enghsh makes. The better the 
material the easier it is to make designs suitaMe 
for showing the beauties of the matcariaL Some 
rich effects are obtained by the use of two, three, 
four, and sometimes more wefts ; this gives a 
free use of any of these colours in any way 
wished, sometimes mixing two together to give 
extra eoloan, if requir^ Of course evmy 
extra weft adds to the cost of jwoductiem. The 
weft having to pass at the hack of warp when not 
required in front to make the patted gives a 
heavier and richer effect to the hanging. With 
a material composed, say, of two w^ts and one 
warp, therichnem of appearance can be obtained, 
with great saving in material and weaving, by 
changing the one shuttle. Both wefts can be 
changed if necessary, but it is better to keep one 
for the building up of pattern, otherwise the 
colouring becomes too complicated in gettmg 
different ranges. By referring to the fflm^ratiem 
of weft “ planted,” it will be sem how, by a httle 
ingenuity in arranging the derign, bloom, fruit, 
and birds can be changed into three distinct 
colours, and still be counted as only one welt 188 j. 

From these, again, other coloars can be obtained 
by the mixing ot the two wefts hi the way shown 
in lA If A green weft be used to leaves and 
stem, the turnover part, when in Ime with the 
bloom, can be mixed with it, if of yellow colour 
the green would become lighter and greener ; the 
»ame would occur with hard and bruit colour. 
Great care must be taken that only two colours 
are in a line, and that the cokiiirB do not look like 
bands, untos the design has been made to get 
this effect, and the ^onnd is the richest or 
best material There is a great variety of eloths 
made in this way, some of very toe quality, 
others coarse ; but the same ruto apply where 
more wefts are used. It is usual only to ** plant 
or “ chintz ” one of them, and three to four 
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changes m the kmgth of repeat will be snfioient 
to aU requirmnents. 

Mbrtwmn ior Ckenner MnterinUa In 

other iBnstratkns [18 and 8i}wtn beaeen another 
method of nuxtures, ^ same again combined 
with planting. This m generaffy a cloth of 
quafaty, hut oapa& of giving a greater 
variety of effe^ and is useful to coverings and 
hard wear, owing to its presenting a 
surface when welt madew In this fabric 
the cedours are generally derived through the 
warps, the wefts m most caaes being a black 
and cream. These are apparent^ onty used for 
onthnes, and i^ould never be in faurge masses, as 
tiisy are generafiy of poor quality. Thrir great 
featere is that when used for tying down or 
mixing with the warps, two effeets of colocir can 
be obtained. In examining the iDastratian 19, 
it win be seen that in part ^ the leaf black lines 
croBB, in another white lines. This explaxos the 
method; although the Ikies are tied, it is not 
exaetty in this way, it being impossible to show 
in Itook and white, but it will serve to show 
how two colours are made. It is not necessary 
to show either the black or cream in the drawing. 
Two tints of the same colour, but diftoent weight, 
and that the mixture with black always gives 
the best effect in cloth only have to be considered. 

It win be seen that, given three warps and twt> 
welts, eight distinct tones can be us^ but the 
six clours will eonsist of two shades brom the 
three warps. Smnetimes a fourth is added for 
ground; in this case it is generally of wool, 
serving to give a richer material This is used 
solid, and not mixed to give a double etoet with 
the wefts. Many varietieB of this cloth are made 
with the black sup p e cas ed, except to mixing 
purposes, and the saase with the cream. It can 
also be plated,” ss shown in 81, getting almost 
endless varieties. The drawmg lor this should 
be kept on the large ride, as there is a slight 
straightness or stepp^ when carried into 
the squares, resembling the effect of Skussels 
outline. 

SllkL Weltn nnri Cntton Wnrpn, A 

very beautifal and rich materia] of modem 
invention is made, in which the wefts are of 
silk, mixed with warps composed of cotton 
threads, generally in white and red. Theoe are 
oaly perceptible on close examination, but the 
result given to the lahrie is amaimg in its variety 
of cokw when folded. The outtoe is a weft and 
plays no part in affecting the appearance of the 
rillm It can, therefore; be made white, black, 
or any crionr the weaver wishes. In the more 
eost^ productions chenille is used, adding 
anotner contrast in surface; ne colw effect 
is obtained from the ffoating anilase of silk 
wefts ; BO if one, two, or three welts are used, 
two colourB can be mato brom each by the white 
cotton coining on to the surface to give the light 
shade, and the red showkig^ the oibar parts 
to give the deeper shade. WHb thoree wefts six 
ooloiirs can be prodaeed. 

Chenitia: This is a very beautiful fabric 
of cut pile, co mp o s ed of toe wool dyed in 
every eockoetvable shade. It is used principally 
for curtains, but sometimes in mixtures with 





22 . SILK WEFT TIED BY GROUND WARP 28 . DABIASK— SHOWING EFFECTS BY BUXTURB 


OF WARP AND WEFT 



24 . BROOATBLLB, SHOWING BOLD DRAWING 26 . BOTH SIDES OF BEVERSINQ OLOTH 

ASSIGN FOB WOVEN SILK FABRICS 
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silks for etc., in other febrios. Foe The drawing must be bold [ 84 ] and keep the 

hangings, it is an ideal material, as it is praotioalfy quality of roundness so that the richness of tiie 

the same in colour and design on both sides, surface is aided. The sizes usually follow those 

There is no limit to colour ot scope in arrange- given for silk damadc, but, of course, small divisors 

ment of deri^. The same freedom exists as or small repeats would not give the large effects 

in lace curtains. Unlike any other fabric, there required, in. skle or reverse making 21 in. 

are no technical difficulties in the matter of or 31 1 in. reversing to make 63 in. width. 

warjM and w^ts ; the colours are woven on to a l&rooade is a very elaborate and costly fabric, 
continuous weft, which passes backwards and Many wefts are used to give a great variety of 

forwards in the width of curtain, falling exactly colours and mixtures, and its best form is seldom 

oyer each other, and building up the curtain used, unless for very special purposes, as in 

with loops and ties in the warp. The sizes to some cases only a few inches can be woven in a 

bear in mind are the widths of curtain, which day, owing to the fineness of material composing 

should always be in yards — ^from yd. to 2 yd. the pattern. 

in width, and 3 yd. to 4 yd. in l»i^h. Borders SilK Mijrturea. A great variety of silks 
9 in. in width, and always repeating in' the same are made with mixtures of silk, satin and cotton, 
height as filling. The ground in these, as in the case of silk damask. 

Make the desim mi thick cartridge paper, in is alwa 3 ^ the richest part. A small piece with 

solid tempera ccnours, so that it will bear rough two silk wefts — one for outline, which can also he 

usa^ when passing through the factory. This mixed with ground, giving half-tone, and the 

advice appli^ to designing for every purpose, other for colouring the pattern — is shown in 25 

The drawing is looked upon as fm a practical and 26. This can be “ planted’* or “ chintzed ” 

purpose, not as a work of art, and in most cases when carefully arranged, two, three, and four 

is cut up and marked in such a way that it changes being given to thk weft, adVlio g to its 

becomes unrecognisable. variety. 

SilRs. The most simple and beautiful It is necessary for the silk to float or come 
form of silk to design for is oamask. Whether away from the ground, otherwise the gloss or 
it be made in pure silk (though calked silk, it is sheen would not be retained. This cannot be 
generally a satin ground) or in polished cotton done in large masses without tying them to the 
the result is invariably pleasing. In nearly every ground by the warp in some way, because the silk 
cape in which the effect is obtained by one warp would fray or get away from its original shape, 
and weft, the ground is the most expensive To obviate this and to keep-some of its natural 
part of the material, and should alwa]^ have the beauty, ties are introduced as shown in 22, 
larger portion of the repeat. Mixtures can be about a quarter of an inch apart, which are 
obtain^ by lines or dots of the pattern giving made by the warp. These must be put into the 
effects of tones from the ground as shown in 28. design, following, if possible, the drawing in the 
Tliev need not be earned out in this way, as a design, helping to give it more expression, 
wash in the slmpe required will do ; but it must Care must be always taken to keep them as 
be used sparii^iy, otherwise it will tend to near as possible to perpendicular lines in order 
destroy the brillumcy of the fabric, and the to cut the weft in fairly equal proportions, 
sharpness of the design. Cheaper SilK Fabrics. The ground can 

Dama^ fabrics are ua^ for a great variety of also be planted, if a striped effect is desired, 
purposes, the finest being for dress material, by maki^ on the edges of different colours. 
Some of these are so fine in quality that a line a small trailing pattern in the outline weft, 
dram by pmicil can be reproduced. In making a This will soften the contrast and give the fabric 
design for them it is usual to draw it with pencil a appearance. Sometimes three wefts 

on white paper, giving the effect of shading with are introduced so that two colours for all-ovor 
slight washes of colour. In all silk materials purposes, and one to change or plant, are 

requiring pattern the imagination has to come obtained. In cheaper qualities cotton is sub- 

into service, for it is impossible in the design stituted for the cream outhne, and if used spar- 

to give an imitation in any way of the fabric and ingly gives a very good effect. Owing to the dulness 

at the same time make a practical drawing. of cotton the silk or satin looks much brighter 
Coarser qualities are used for furniture coverings, by contrast. Some silks are with the pat- 
hangings, tobleclo^, etc. Widths in general terns showing equally on both sides, but, of course, 
use are 21 in. or divisions up to 31| in. or 63 in. reversed [see 85 and 26]. For these, like all cheaper 
Care should be taken in regard to height, as forms of silk, it becomes more difficult to make 
even in the finest quality the pattern must be satisfactory patterns owing to the complica- 
put on ruled paper, as with a carpet, and cards tions in weaving. Generally there are two ground 
cut and laced tether, forming an eodlees ba^ ct^urs, cottons, which dovetail into one another, 
the whole of which must be turx^ over in making Outlining and making pattern on these are two 
a repeat. silks, which can be mixra with the cotton, giving 

Brocatelle and Brocade- This is a other effects, serving to hold the fabric tighter, 
heavier fabric than silk damask, backed with a and giving a more varied surface. It is impossible 
solid substance which gives to it a full or rounded in thk cloth to give extra effect by “ planting,” 
effect. The raised fig^e or desi^ is in this the as what fills ina riiape on ono side becomes outline 
richest part of the materiaL It is usual, there- on the other. This reversing quality must always 
fore, to show but small portions of the ground, be borne in mind. 
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THE CHURCH AS A CAREER 

Group 7 

THE 

The Church of Eng^luod and Nonconformist Denomiaations. The Roman 

CHURCHES 

Catholic Church and the Jewish Ministry. Examinations and CoUeg^es 

Following 

■mioLA^Tio raoncMuma 
from pH{(e6490 


THE CHURCH OF ENGLAND 

By R. Mudis-Sbiith 

'THOSE who wish to become candidates for Holy 
* Orders should apply for entrance into one of 
the theological colleges of the Church of England 
[see list below]. Ever^ application is considered 
on its merits, regard being taken as to the evidence 
of ]Mr8onal piety and promise of fitness for the 
ministiY apparent in the candidate. 

The full course of preparation sometimes occupies 
three years (or two years if the Central Examination 
is taken before entering college). Two examina- 
tions, the Central Examination for non-groduatos 
and the University Preliminary Examination for 
Holy Orders, have to be encountered in the course 
of preparation, besides the personal examination 
of the ordaining bishop. 

Entrance Examination. The Central 
Examination ** is required by all the bishops before 
admission to a final course of two years' study in a 
iheological college. It is an entrance examination 
in the sense that it admits to the beginning of the 
two years’ iheological course, but it is not intended 
to oebar candidates from previously entering a 
theological college for preparatory training. 

The following are the suojects of this examination 
prescribed for 1907 and 1908: 

1. Xenophon’s Anabasis, Book III. 

2. Cicero, De »Senectute. 

3. Outlines of Scripture History. 

4. The gosj^l of St. John, Chapters I~XII for 

translation and interpretation. 


5. Ontlmes of English History: Text books recom- 

mended — OuUine of Eng iah History and Oman's 
History of England (Gardiner). 

6. The first book of Euclid (the paper will include 

easy deductions), or Elementary Logic or 
Modem Geometry. 

Candidates are exempt who have passed any of 
the following examinations : (o) The Oxford and 
Cambridge Senior Local ; (6) Examination for 

I^gher Certificates of the Oxford and Cambridge 
Joint Board; (c) the London University Matricu- 
lation, provided that the candidates shall have 
passed in Latin and Greek ; (d) Responsions at 
Oxford ; (c) Previous Examination at Cambridge, 
Parts I. and II. ; (/) one examination after Matricu- 
lation in Trinity College, Dublim; (g) examinations 
for the title of Associate in Arts of any of the 
recognised University Colleges in England ; (A) 
Matriculation Examinations in Colonial and other 
Universities ; provided that in all cases the can- 
didate shall have passed in Latin and Greek, and 
that the certificate of bavins passed any one of 
the specified examinations shall have been ob- 
tained within three years of the examination from 
which he desires to be exempted. In exami- 
nations which do not include Scripture subjects, 
the candidate will be required to pass in the 
outlines of Scripture history and in the selected 
gospel. 

Method of Application. Examinations 
are held three times a year — viz., in the first week 
of December, in the second week before Holy Week, 
and in the last week of July. 


CHURCH OF ENGLAND THEOLOGICAL COLLEGES 

Name of College. 

Terminal charges 
inclusive : 

(1) Tuition (2) Board. 

Average length 
of residence 
required. 

Friiicipal. 

Chfbhester Theological Col- 
lege 

Wells Theological College. . 

St. Aldan’s Theological Col- 
lege, Birkenhead 

Cuddesdon Theological Col- 
lege ■ 

Lichheld Theological Col- 
lege 

Salisbury Theological Col- 
lege 

London College of Divinity 
(Highbury) 

Lincoln Schola Cancellarli 

Ely Theological College . . 

Leeds Clew School 

WyeWTe mil, Oxford 

Ridley Hall, Cambridge .. 

St. Stephen's House, Oxford 

St. Hiohael’s College, Aber- 
dare 

House of Saored Mission, 
Kelham 

(1) £35 per annum ; (2) £55 
per annum 

(1) £80 per annum or £10 
per term ; (2) £75 per 
annum 

(1) and (2) resident students 

. £24. Non-resident, £14 
per term 

£30 inclusive 

In college (1) and (2) £30 
per term. In lodgings, 
£13 168. 8d. per term 

(1) and (2) £30 per term. 
Four terms 

1 

( 1 ) £10 per term ; (2) £45 
per term 

(1) and (2) £81 per annum 
Inclusive 

(1) and (2) £30 inclusive . . 

(IJ and (2) £27 10s.. 

£25 inclusive per term 

(1) and (2) £2$ per term . . 

1) £5 : (2) £16 

(1) and (2) £70 

(1) £20 ; (2) £40 . . 

For non-graduates two 
years. For graduates 
one year 

Four terms 

Six terms. Three terms 
for graduates 

Five terms (if possible) . . 

For non-graduates two 
years.' For graduates 
one year 

For non-graduates two 
years. For graduates 
one year 

Non-graduates two or three 
years, graduates one 
year 

Non-graduates two years. 
Graduates one year 

One year 

One year 

One year 

Three terms 

Graduates one year 

Non-graduates two years. 

Graduates one year 

Six years 

Rev. Preb. Rickard, M.A. 

Rev. H. L. Goudge, M.A. 

Rev. A. J. Tait, M.A. 

Rev. Canon Johnstuu, M.A. 

Rev. Preb. E. Elmer Hard- 
ing. M.A. 

Rev. Canon D. Whlte- 
foord, D.D. 

Rev. A. W. Greenup, D.D. 

Rev. Canou Crowfoot. 

Rev. Canon B. W. Ran- 
dolph, D.D. 

Rev. J. G. Simpson, M.A. 
Rev. W. H. G. Thomas, D.D, 
Rev. T. W. Drury, B.l). 
j Rev. G. H Brown, M,A. 
Rev. H. E. Johnson, M.A. 

j Rev. H. Kelly, M.A. 
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Candidate for examination, and oandidatea who 
present a eertifioate of an equiTaksit esamination, 
iniist apply through the ptincipal of the college 
at which they propose to enter or of which they 
are already probationary members. 

These apj^ations must be made on or before 
November 1st for the December examination, on 
or before March Ist for the March examinatioii, 
and on or before July 1st for the July examination. 
Each applicant must state in his application which 
of the alternative subjects, Eudm, geometry, or 
logic, he intends to take. 

A fee of 158. is charged to every candidate, and 
the fees as well as the application must be sent to 
the principal of the college. The papers set in pre- 
vious examinatkms can to obtained from Dei^ton, 
Bell k Co., Cambridge, price Is. Id. for each year. 

The Uniweraity Prelimlna^ Exami- 
nation. The University Preliminary Exanai- 
nation for Holy Orders is taken at the end of 
the student’s complete course. It is conducted 
under the control of a council consisting of the 
divinity professors of Oxford and Cambridge, 
two graduates in divinity from each university 
nominated by the Archbishop, and examining 
chaplains, one being nominated by each of the 
bishops, who accept the results of the examination. 

The examinations begin on the Tuesday in the 
second week before or after Easter ^ich is 
nearest to April 3rd, and on the Tuesday nearest 
to October 8th. 

The examinations are open to (a) graduates of 
the English universities ; (b) members of ^ heological 
colleges in connection with the Church of Enj^and 
who nave at least entered on the last term of the 
complete course and are recommended by the 
principal : (c) any other person who may be 

nominated by a bishop with a view to ordination 
in his own diocese. 

The examination consists of the following subjects : 

1. A general paper on the contents of the Bible. 

2. Old Testament : selected portions : 

(а) PSalms i.-xl’. (for ItKlT); xlii-l, fxxiii.- 
Ixxxix. (for 1908). 

(б) Northern Kingdom and Amos for 1907-8. 
The paper in these books will contain questions 

on their subject matter, criticism, and exegesis, 
together with questions on “ Intnxluction.*’ An 
op|K)rtunity will be given of showing a knowledge 
of the Hebrew text on the set books. 

3. New Testament (in Greek). 

(a) St. Luke. 

(5) Romans. 

The paper on these books will contain passages 
for translation and questions on the subject matter, 
criticism, and exegesis of the books, together with 
questions on ** IntroductioiL” Candidates will 
also be expected to show a general knowledge of 
the Lord’s life and teaching as contained in the 
four Gospels. Passages from English Version will 
be given to be rendered into the original Giedc. 

4. (a) The Creeds and the Thirty-nmo Articles ; 

history text and subject matter : 

[b) Afiologetics. 

6. The Prayer Book : history and contents. 

0. Eocleeiastical History : 

(a) History of the Christian Church to the 
Council of Constantinople (indtisive). 

(6) History of the Englifdi Church from the 
earliest times to the Accession of Queen Anne. 

7. A selected work or works of a Latin ecclesiastical 
wntor (1907) Cyprian, De Oratiooe D<MBiaica. 
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A passage will also bo set for translation into 
Englidi from some eoclesiastioal Tjatin author 
not previously specified. 

8. A voluataiy paper on elementaiy Hebrew with 

plages for franslation (1907): 1 Kings xvii.- 

xix., 2 Kings iv., v. ; Amos. 

Candidates are required to satisfy the examiners 
in each of the first seven subjects. 

A fee of 258. is charged to every candidate who 
enters the examination. 

Candidates ore required to send in their names 
with certificates of moral character and particulars 
ol their degrees, or written forms of nomination 
from bishops in cases where such nominations are 
required to Rev. Dr. King, Gayton Rectory, Blis- 
worth, R.S.O., before March Ist for the Eostor 
examination and before September Ist for the 
October examination. 

The papers given in previous examinations, with 
the regulations, etc., may be had of De^hton, 
Bell & Cb., Cambrid^ and London, and Parker 
& Co., Oxford, price la. each set, or by post on 
receipt of 13 stamps. 

CJa^idates, in sending in their names, must give 
a permanent address. 

The Student's Expenses. Students at 
Oxford and Cambridge can, if they are economical, 
limit their terminal charges in some colleges to £80. 
The annual expenses, including subscriptions to 
college clubs, need not exceed £100. The three- 
year course, consisting of nine terms, would cost, 
therefore, about £300. The expenses of a non- 
collegiate student in the universities who is 
willing to live frugally and who keeps only the 
minimum residence in each term, can be kept under 
£55 per annum on an average of the three years. 
This sum includes university and non-collcgiate 
charges. The course for arts in the B.A. d^oe 
at the University of Durham consists of two years 
of three terms each. 

At University College the average terminal 
charges are £26 6s., and at Bishop Hatfield’s Hall 
£24. The total, therefore, at the former for the 
two years is on the average £157 lOs., and at the 
latter £144. 

The Ordination Candidates’ Exhibition Fund aims 
at helping young men of thoroughly good qualifica- 
tions whose means are insufliciont to enable them 
to complete what is required lor coUece training. 
For full particulars apply to Rev. Canon Petit, M. A., 
39, Victoria Street, Westminster. 

The fcdlowing is a list of other funds designed fon a 
similar purpose, and the name of the clergy and 
others to whom communications should be addressed: 

The Cambridge Graduates’ Ordination Fund. 
Professor Stanton, Trinity College, Cambridge. 

London Clerical Education Aid Socie^. Rev. 
H. F. S. Adams, The Vicarage, Streatham Common, 

S.W. 

Cambridge Clerical Elducation Society. Rev. 
G. A. Wee&, Sidney Sussex 0)llegQ, Cambridge. 

The Elland Society. Rev. Canon Lamb, Clapham 
Vicarage, Lancaster. 

Bislmp Clerical Education Society. Rev. P. A. 
Phelps, 29, Berkeley Square, Bristol. 

Dr. Robmson’s Exhibitions. Rev. W. Allen, 
St. Mary’s Lodge, Loughton. 

The Society of the Sacred Missiem undertakes 
(where necessary) the whole cost of the student’s six 
years’ training at their Theologioai CoUege, Ke&am, 
out students are Expected to repay a sum not 
exceeding £260 by instalments after ordination. 
There are a large number of applications — over 
3(X> every year-^ which only 20 are accepted. 



The Uehop'e Eacamlnatkm. Persons 
deshronsol being admitted as candidates for Deacon's 
Orders must make a written appHoation to the 
bishop three months before the thne of ordination. 
A paper of questions will be forwarded to any person 
so applying, which he will be required to answer. 
After due invcBtipction the bishop will fix a^me for 
seeing him. It is not necessary that a person so 
applying should at the time of his application be 
provided with a title, which may be sou^t for 
afterwards upon the biifiiop's permitting him to 
become a candidate. 

Candidates for ordination must be under thirty 
years of age. No candidate can be ordained deacon 
who has not completed his twenty-third year. 

Candidates for Deacon's Orders must supply the 
following papers : 

1. Certificate of baptism. 

2. (a) If the candidate is a graduate of Oxford 

or Cambridge — Certificate of his having taken 
B.A. degree, and also having attended two 
courses of lectures by divinity professors, one 
of which must be a course by the Regius 
professor. (Such certificates are not required if 
a candidate shows that he has taken honours 
in the Theological School or has spent a year 
at a diocesan theological college, or has passed 
the University Preliminary Examination of 
Candidates for Holy Orders.) 

(6) If the candidate is a graduate of Dublin 
University — The certificate of his having taken 
the B.A. degree and also the Divinity Testi- 
monium. 

(c) If the candidate is a graduate of Durham 
University — ^The certificate of his having taken 
the degree of B.A. and also the Licence of 
Theology. 

3. College testimonials. 

i. Testimonials for the time elapsed since the 
candidate left oollege. 

Examinatton fcM* DeaoM*a Ordenra. 

The subjeote of examination for Deacon's Orders 
differ somewhat in eac'i diocese, but the following 
are the subjects prescribed for the London Diocese, 
1907. The books suggested for the course of study 
are given in italics : 

1. The Old Testament : 

(а) General knowledge of the contents and inter- 
pretation. Old Te/Sioment History (Gf W, Wade), 
Old TeatameaU Hialory (Edersheim), History 
of the Jews (Ottley), The Cambridge Com- 
panion to the BihUf The Divine Library 
(Kirkpatrick), Jntroduclion to Old Testament 
(G. K. H. Wright). 

(б) Subjects for special study : Book 1, Ps. i., xli 
The Psalms, Book I (K rkpatriok). 

(e) The Hebrew Text of Psalms (optional). 

2. The New Testament : 

(а) General kptowledTO of the cantents and 
jnterpretation. Lt/e and Times of Jesus Bui 
Messiah (Edersheim), Introduction to the Study 
of the iatospels (Westoott), Introduction to the 
New Tenement (Salmon), The Books of the New 
Testament (Pidlan). 

(б) Special subject for study in the Greek text : 
the Gospel aoeording to St. Luke. Inter- 
national amd Critical Commentary (Pktmmer), 
Oawdmdge Bible (Lias). 

(c) Oral oxammation on the cantents of the four 
Gospels. (The Greek text required. ) 

S. (a) lie Book of Common Prayer, histenry and 
oontents. Prayer Book Commentary (S.P.C.K.), 
A Now History of ihe Book of Common Prayer 


(Proctor and Piwe), Teachers' Prayer Book 
(Barry). 

(6) Ecclesiastical history. The history of the 
English Church from the earliest times to the 
accession of Queen Aime. The Students' English 
Church Hiatorff (Perry), History of the Church 
of England (Wakeman). 

4. The Articles of Religion. 

The Thirty-nine Articles (Bishop Gibson), The 
Thirty-nine Articles (Bishop Harold Browne). 

5. Latin. 

(o) S. Cyprian, De Oratione Dominica. Edition 
issued by O. Bell da Son. 

(t) A piece of English to be translated into Latin. 

6. Evidences of Cfoistianity. 

Evidences of Christianity (Ragg), MamHal of 
Christian Evidences (Row). 

The papers required by a candidate for priest’s 
orders are these : 

1. A testimonial from three beneficed clergy similar 

to that which is required for deacon’s orders ; 
but only for the time which has elapsed since 
the candidate’s ordination as deacon. 

2. Nomination to a curacy, or presentation to a 

benefice — ^unless ho be already licensed in the 
diocdse, in which case a nomination is not 
required. 

Examittation for Priest’s Orders. 

The following are the subjects of examination for 
priest’s orders for the London Diocese, 1907. 

• 

Part I. (Advent and Lent) 

1. The Old Testament. 

(a) General knowledge of the contents and 
interpretation. Old Testament History (G. W. 
Wade), Old Testament History (Edersheim), 
History of the Jews (Ottley), The Cambridge 
Companion to the Bible. 

(b) Subject for special study^: Jeremiah. Cam- 
bridge Bible (A. W. SlJreane), Expositor's 
Bible (C. J. Ball), Jeremiah : his Life and 
Times (T. K. Cheyno). 

(c) The Hebrew Text of Jeremiah xxvi-xxviii. 
(Optional). 

2. Dogmatic theology, based on the Prayer Book 

and Art oles. 

Prayer Book Commentary (S.P.C.K.), A New 
Historjf of the Book of Common Prayer (Procter 
and Frere), Tl^ Thirty-nine Articles (Bishop 
Gibson), The^- Thirty -nine Articles (Bishop 
Harold Browne). 

3. Butler’s Analogy. 

4. Pastoral work. Parish Priest of the Town (Gott), 

Sdf Discipline (Gibson). 

Part 2. (Trinity and September) 

1. The New' Testament: 

(a) General knowledge of the oontents and inter- 
pretation. Life and Times of Jesus the Messiah 
(Edersheim), Introduction to the Study of the 
Oospds (Westcott), Introduction to the New 
Testament (Salmon), The Books of the New 
Testament (Pullan). 

(b) Subject for special study in Greek text : the 
Epistle of St. Paul to Romans. Initer- 
natUmal and Critical Commentary (Sanday and 
A. C. Headlam), Cambridge Bible (kfoule). 
Practical Exposition (Gore). 

2. Eodesiastical history. The historv uf the Chris- 

tian Church to the Council of ’Conatauatiiioplo. 
The Students EccUmaetioal History, History iff 
ihe Christian Church to 461 ' 

History of the OhsUitian Ohnnh (Robertson).' 
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3. Hooker's Eoolesiastioal Polity. Book V. ‘ 

4. Foreign Missions (Bishop Montgomery), published 

by Longmans. 

The Declaration. The following declaration 
roust be. made and subscribed, and oath taken and 
subscribed, by all persons who are to be ordained 
deacon or priest: 

“ I, M. N., about to be admitted to the Holy Order 

of , do solemnly make the following declara* 

tion : 1 assent to the Thirty-nine ^ticlos of 

Religion, and to the Book of Common Prayer, and 
of the Ordering of Bishops, Priests, and l^acons. 

1 believe the Doctrine of the Church of England, as 
therein set forth, to be agreeable to the Word of 
God ; and in Public Prayer and Administration of 
the Sacraments I will use the Form in the said Book 
prescribed, and none other, except so far as shall 
be ordered by lawful authority. 

“ I, M. N., about to be admitted to the Holy Order 

of , do swear that I will be faithful and bear 

true allegiance to his Majesty King Edward, his 
heirs and successors, according to la w. So help me, 
God.’* 

Every clergyman about to be licensed to any ' 
curacy has to take the oath of canonical obedience 
to the bishop, and make the Declaration of Assent. 

The Oath of Canonical Obedience. 
“ I, A. B., do swear that I will pay true and canonical 

ob^ience to the Bishop of , and his successors, 

in all things lawful and honest. So help me, God.” 

Lectures. The bishop requires deacons during 
their diacohate to attend courses of lectures, of 
which they will receive notice. The bishop also 
desires that the younger clergy in the diocese should 
attend. 

THE JEWISH MINISTRY 

By Nathaniel Lazarus 

The Jews occupy a singular position amongst the 
nations of the wory. They have no official national 
government of their own. Their only recognised 
heads are the ministers of their ancient congrega- 
tions, who are also in many coses the most prominent 
leaders of the community. It is, therefore, by no 
means surprising to learn that the Jews pay special 
attention to the training of their ministers. Above 
all, no Jew would tolerate a clergyman who, in 
respect of his religious and moral life, could be 
regarded as unfit for his post. 

Course of Training. Candidates for the 
Jewish ministry have more than one course of 
study open to them. The various methods of 
attaining their object in view generally depend on 
their age and opportunities. The chief theological 
seminary for Jewish ministers in the United King- 
dom is undoubtedly the Jews’ College, of which the 
Chief Rabbi is president ; 99 per cent, of the Jewish 
ministers in England were trained at that college. 

The college course consists of three distinct 
divisions — preliminary, junior, and senior. 

Candidates for the preliminary class must be four- 
teen years of age, and pass an elementary Entrance 
Examination in two secular subjects (modem 
language, or mathematics, or science, or Latin), in 
English and in Hebrew and theological instruction. 
The course of study in the preliminary class is so 
arranged that pupils, on leaving it, attain the 
grade of the Matriculation Examination of the 
University of London and of the first theological 
college certificate. On passing that stage success- 
fully, candidates join the junior class of the college. 
During that period of their training the students 
are attached to the Faculty of Arts at University 
College, University of London, where they pursue 
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an internal course, reading for the B.A. Honours 
degree in Semitics. At the same time the students 
are required to attend a series of lectures in Hebrew 
and religious knowledge at the Jews* College, for the 
p^pose of enabling them to pass the Second 
Theological Examination. 

On completing the intermediate course, candi- 
dates devote themselves entirely to the study of 
Semitics, Arabic, Aramaic, Syriac, homiletics, 
theology, Jewish history, and literature. At that 
stage mey attain most of the knowledge they ulti- 
mately require in discharging their duties as 
ministers. The curriculum nominally extends over 
two years, at the end of wnich successful candidates 
obtain the B.A. degree and the third theological 
certificate. The title of Associate of Jew^ CoUege 
is granted to such students. 

With those qualifications in hand, candidates are 
generally regained fit for the ordinary work of a 
minister, provided they are not too young. The 
age of twenty-five is considered to be a reasonable 
one for beginning duties. 

The Diploma of Rabbi. Ministers who de- 
cide on entering communal life at that stage post- 
pone for an indefinite period their chances of pro- 
motion. Though in possession of the third theological 
certificate, they have yot to work for the greatly 
esteemed and extremely valuable Ralminical 
diploma. Ministers in possession of an English Uni- 
versity degree and of the above-mentioned diploma 
are assur^ of successful careers. A special class 
is attached to the Jews’ College for the preparation 
of students for the Diploma of Rabbi. Before enter- 
ing that class students must have passed the third 
theological examination, together with the denee 
examination of some recognised university. The 
course of study in that class compri'^es Talmud and 
Responsl It extends over two and a half years. 
The examination for the diploma is a very strict one, 
and it is conducted by the greatest Jewish author!- 
ties in this country. The title of Fellow of Jews* 
College is granted to successful candidates. 

Scholarships. The Jews* College not only 
charges no fee for the education received within 
its walls, but it also bears the cost of the course at 
University CoUege. Students are, however, expected 
to use their own books. There are about ten valuable 
scholarships attached to the college in support of 
the poorer class of students. 

Needless* to state, students are not restricted to 
starting their course of study in the preliminary 
class. They can join the junior or senior classes on 
passing the necessary examinations. 

A few valuable scholarships are given to gradu- 
ates of English universities in possession of the third 
theological certificate who wish to continue theii 
studies at famous Continental seminaries. During 
that period of their study students can also avail 
themselves of thi i opportunity to obtain the 
German Ph.D. degree, which is a veiygood qualifica- 
tion for an Anglo- Jewish minister. Though they are 
often called upon to sit in the Beth-Din (Jewish 
law court), where various disputes aro settled in the 
light of Jewish law and oustoin, very few ministers 
have found it expedient to read for the LL.B. 
deg^, London. 

ThoM who enter on the career of a minister when 
they are advanced in years must make every effort 
to pass the Third Theological Examination and to 
obtain the B.A. degree as soon as possible. Such 
students may also ^d it expedient to go abroad 
in order to obtain a rabbinical diploma from 
foreimi rabbis. They can afterwards return to 
England as fully qualified ministers. It may prove 



interesting to note the fact that such *a diploma is 
almost essential for ministers in the Jewish districts 
of the East End of London and other foreign corn- 
munities which are not so much in need of university 
graduates. 

Alia College (Portsea, Hants) and Judith Monte- 
fiore College (Ramsgate) are two other theological 
seminaries conducted on the same lines as the Jews’ 
College. At the former, preference is given to 
Hampshire men. Young ministers, as a rule, start 
work in a provincial town. Eventually they make 
every endeavour to receive an appointment at one 
of the more famous West Lonaon congregationa. 
There ore, however, a few exalted posts to which 
many a Jewish minister looks forward Such are the 
positions of Chief Rabbi, Haham of the Spanish and 
Portuguese Jews, and Dayan (judge) of the Beth- 
Din (law court). The work of a Jewi^ minister can 
be divided into two distinct parts — congregational 
and charitable. He has to deliver sermons on Satur- 
days and all other important occasions. He is, to a 
certain extent responsible for the religious and moral 
spirit of the members of his synagogue. He is also 
expected to take an active part in the charitable and 
communal affairs of the district under his care. In 
connection with his latter duties there is a ministers’ 
committee which regulates their work in the East 
End of London. 

The duties of a Jewish minister entail a great 
deal of very hard work. 

THE ROMAN CATHOLIC CHURCH 

By Henry Bbassill 

People outside the Catholic Church do not, in 
many instances, realise the solemnity attuJ.ing to 
the dignity of a priest. By his spiritual subjects 
the priest is recognised as the LordR Anointed. 

One would cease to be a member of the 
Church without formal excommunication if he 
did not believe in the doctrine of the Real 
Presence, and the chief reason for peer, as 
well as plebeian or peasant, for saluting a 

I )riest after the manner of a gentleman saluting a 
ody is that the passing clergyman may be on a 
sick call and have in his possession the Adorable 
Sacrament. There is another reason why Catholics 
pay public respect to a priest — viz., that he is em- 
powered to consecrate, to adjudicate in the tribunal 
of penance and to discharge other sacred functions. 

It is indeed an arduous trial for young or old to 
be raised to the sacred office. When we use the 
words young or old,” we mean that age is no 
impediment. Cardinal Manning had been an 
archdeacon of the Church of England and a married 
man before his future Eminmoe “ went over to 
Rome” ; the late Rev. Lord Thynne was father of 
the Dowager Countess of Kenmare, and officiated 
at the marriage of his grandson, the present earl, 
with the Hon. Miss Baring. Cases of t^ kind may 
be multijplied. We can name twenty priests in and 
around London who had been AngHcans, some by 
profession medical doctors, some military officers, 
and others who might have made their mark in 
the professions of which they were originally 
members, but the eall to the sacerdotal office having 
come, they loyally obeyed, and are at th*s moment 
ideal worlmrs in the vineyard. 

Newman, the author of “ Lead, Kindly JLight,” 
was a groat Anglican divine; the late Dr. Luke 
Rivington was a Cowley Father and a strong 
Freemason ; Father Fletcher, son of a baronet, 
now Master of the Guild of Ransom, was an Anglican 
clergyman ; Monsignor Walter Croke Robinson, 
a present day preacher of fame, was at one time 


an Anglican clergyman also, but all had had 
to take the usual steps to qualify for the Catholic 
ministry. 

The Prieet*e Oeth. To do this it is essential 
that the candidate, before entering college or house 
of study, is prepared to make a solemn oath or vow 
with regard to celibacy. If going in for one of the 
monastic orders ho has to take the triple vow of 
poverty, chastity, and obedience. Every nun does 
likewise, and some Orders are very strict with regard 
to the creature comforts of their members. 

There is no distinction of class as to the eligibility 
of the aspirant to the sacred office, but persons 
bom out of wedlock are objected to. This is 
especially the case in Ireland, which verily is the 
cradle of the bulk of Elnglish-speaking Catholic 
clergymen. 

^ The great college of Maynooth has, perhaps, 
turned out more priests from its hallowed walls ihaii 
any other. In order to enter, there is held yearly 
in each diocese a concursus, at which the aspirants 
are examined in Latin, Greek, and English. The 
examiners are divines of learning and erudition, 
and the candidates are dealt with according to 
merit. There are also colleges at Thurles, Carlow, 
Waterford, and numerous seminaries throughout 
Ireland, not the least of which are St. Bren^n’s, 
Killarney ; Holy Cross, Tralee ; St. Michael’s, 
Ustowel ; and Blackrocl^ Dublin. 

All over the world care is taken that llie future 
priest shows a vocation for the sacred calling. 
With rare exceptions in Ireland the aspirants 
start at an early age. The intending secular ]ii'icst 
remains all the year round, with the exception of 
a short holiday, in his alma maUar, This is also the 
case of students in English colleges, but many in 
this country axe fully fiedged, staid men who know 
a great deal of the world before they resolve to 
embrace the sacerdotal calling and enter Stony- 
hurst, Oscott, or St. Edmund’s. Students for the 
religious orders such as Franciscans, Dominicans, 
Servites, Carmelites, Pr6montr6, etc., pursue their 
course in their respective houses of study until 
pronounced eligible for Orders. 

Cost of Training. The education of a student 
entering Maynooth College costs some £(>00, but those 
by ability who pass into the Dumboyne Establish- 
ment get tlirough at a considerably lesser figure. 

Another m^at ecclesiastical college in Dublin 
is that of AliHallows. It is situate at Drumcondra, 
and year by year sends to foreign parts, such as 
Mill Hill, London, pri sts for missionary service. 
All Hallows men may be found all over tlie globe. 
The pension, or collegiate fee, is considerably less 
than that of Maynooth, and when the student 
decides where to carry out his ministrations, in 
Australia or other distant lands, the bishop of the 
particular diocese which he selects to be attimhed 
to cout^butes largely to his expenses — in fact, 
he pays his college fees. 

But the most expensive college in tlie world is 
that ^own as ” The Pontifical Roman Seminary,” 
in the Eternal City. Only Italian students are ad- 
mitted to it, as it is the great seminary for the 
whole of the country. There are minor colleges, but 
Italian students are never considered to have 
completed their education without spending a time 
in the “ Pontifical Seminary.” A student may be 
ordained after twelve years’ study in this establish- 
ment, during which time he may qualify for de^ees 
such as D.D., PhJ).^ LL.D., etc. Before getting a 
degree one must be at least three years iu the* 
college, and he must win his laurels by hard work 
and study. 
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The Prleet*e Salary. The salary of a priest 
both in ^Ireland and in England is merely nominal. 
His emolumeits in this country, as a rule, are not 
on a par ynth a boy’s wages. Many hare 
private means — ^we are alluding to seculars — but 
the majority are gentlemen who possess little more 
than the raiment upon them, and who care nought 
for the world’s goods. 

The religious orders, or communities, should, 
perhaps, be referred to. The noble work of the 
PVanciscans, say at Peokham and Forest Gate; 
the Dominicans at Haverstock Hill; the Servites 
at Fulham ; the Canons Regular of Lateran at Stroud 
Green; the Pf^ionists at Highgate ; ' the Jesuits 
at Farm Street and Stamford Hul (Father Bern ird 
Vaughan, S.J., and Father Do.melly, S.J., being 
perha s the two most prominently before the public 
just now) ; the Salesians at West Batersea, cannot 
be overrated, and is something difl^ult to describe 
if not to conjure with. 

Priests live in London from, as it wore, hand to 
mouth ; they have consecrated their lives to their 
duties, and go to their graves penniless — that is to 
say, they have no money at their death to will away. 

Take the case of the Soggarth ArooUt who spends li^ 
life in Ireland. Often he is summoned in the middle of 
the night to attend a sick call in a mountain home, 
mil^ away. He leaves his bed, goes to the sanctuary 
where the Blessed Sacrament is reserved, takes the 
sacred species with him, and, regardless of the dangers 
of hill-side passes, finds his way to the humble cabin 
in which a poor soul is throbbing for solace so as to 
fittingly prepare to appear before its God. 

Spealdng of Ireland, the clergy hold what they 
call “ stations ” twice a year ; they are generally 
held in the homes of the well-to-do. This is a very old 
custom, and the object is to enable the aged, infirm 
and feeble generally to comply with the obligations of 
the Church by going to confessi m, assisting at Mass, 
and receiving the Bread of Life. Lent and Advent 
are the periods of the year when the “ stations” are 
held, and the results are fruitful. An improvised 
altar is erected at which the service takes place. 

A Catholic ecclesiastical student undergoes severe 
examinations. Humanity, rhetoric, philosophy, 
logic, and theology, stare and confront him as he 
leaves the preliminary school before venturing to 
face the ordeal of being examined in the minor sub- 
jects. He is taught in a seminary or a private school 
before venturing to appear in the presence of the 
Board of Examiners, and in the event of being 
successful — “ getting a place,” as it is called — 'he 
enters, say, Maynooth College. Here he studies, 
and in some four years receives Tonsure and Minor 
Orders. A^l well, in a year, he receives Full Minors ; 
a year later he is raised to the sub-Minor. Twelve 
months after he is raised to the 8ubd*aconate, 
and possibly another year may roll by before he 
is made a deacon. The conferring of the Order of 
the Priesthood, as a rule, follows immediately 
that of the d'aconate, ajthough in some instances 
students receive the thm orders — subdeaconship, 
deaconship, and priesthood — in the same week 
The reason assigned for this is that once a can- 
didate is raised to subdeaconship he has to read his 
Office , which occupies two hours each day — a rather 
severe strain upon some who have to study vei^ hard 
during the remainder of their course. The recital of 
the Office is obligatory, and a divine is only excused 
from complying with the mandate in case of illness. 
^ After Mii^ raised to the priesthood the newly 
ordained is immediately sent to work. His rector 
or P.P. is a reverend brother of experience and 
mature years. The curate’s salary,” if such it 
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can be called, is hazily sufficient to provide fox 
clothing and holiday money. 

The newly ordained priest says precisely the 
same Mass as the Holy Father who is supreme 
head of the Catholic Church. The writer has been 
in five different countries outside his own, and has 
had the privilege of attending Mass in each — even 
on the high seas he has assisted at the Holy 
Sacrifice — and no matter what the nationality of 
the officiant or celebrant was, the service was exactly 
the same as that which in the days of his childhood 
the writer assisted at in the little chapel at Irremore, 
County Kerry. 

Chaacen of Promotion. Promotion is 
very slow in the priesthood ever 3 rwhere. But a 
humble curate may be raised to the dignity of 
bishop. The present occupant of the See of Lime- 
rick — Most Rev. Edward Thomas O’ Dwyer — was 
not even a parish priest when the crozicr and mitre 
of his illustrious predecessor. Most Rev. Dr. Butler, 
were placed in his hand and on his head. The 
chapter in each diocese in England nominate three 
ecclesiastics, whose names are placed on what is 
called the Tema, and submittca to the Holy See. 
In Ireland the parish priests meet, and, as is the case 
all over the world. Mass of the Holy Ghost is cele- 
brated. After this the chalice us^ at the Mass 
is placed upon the altar. No one is present except 
those entitled to vote, and the cathedral, or pro- 
cathedral, doors are barred. In England each 
member of the chapter, and in Ireland each parish 
priest, writes the name of the cleric whom he be- 
lieves to be fitted for the distinguished office. The 
archbishop of the province presides, and two 
scrutineers in his presence count the votes. 

Three names are sent to Romo, the one having 
the highest number being de8cril)ed as dignminus ; 
the second, dignoTy and the lowest, dignua — most 
worthy, very worthy, and worthy. The Sacred 
College, as in the case of the late nominations for 
the bishopric of Southwark, may appoint one who 
was not on the Tema, so that elevation or pro- 
motion cannot with safety be predicted by anyone. 

CONGREGATIONAL AND BAPTIST 
CHURCHES 

By R. Mudie-Smtth 

A candidate for the Congregational or Baptist 
ministry must be a member of some church belong- 
ing to the denomination, and must have completed 
the sixteenth year of his age. Upon applying 
for training to one of the theological colleges 
he is required to adduce the testimony of one or 
more ministers and of the church with which he is 
in fellowship to his consistent piety, mental ability, 
and general fitness for the work of the ministry. 
A general statement is also required from the candi- 
date as to his previous history and the chief 
books he has read, giving his exact age, the nature 
of his education, bis business or profession, and the 
period of his church membership. Other require- 
ments are a full statement of his theological views and 
one or two written sermons of his own comj^ition. 

The Entrance Eicamination, The en- 
trance examination includes the elements of 
classics, mathematics and Scripture history, and 
the followii^ may be taken os a guide to the sub- 
jects prescrilW: 

Division I. 

1. General knowledge of Scripture. 

2. Knowledge and use of the English Language. 

3. Preaching ability, so far as it may be tesM 
by a sermon to bo written on a given theme. 

4. Speaking power, voice, etc. 



Bivxbion II. 

1. Latin : Csegar, de Bello Gallioo^ Book V., oo, 
1 to 27; Maomillaa’s Shorter Latin Course, by 

A. M. CooK M.A. 

2. Greek: Xenophon, Anabasis, Book IL, cc. 
1 to 3 ; Smith’s I^tia Graioa (any edition after 
1398) ; Exercises I to 50, with the grammar of 
the whole book. Accuracy in Latin and Greek 
Grammar is essential 

3. Mathematics : Charles Smith’s Ar'thmetic 
(Cambridge University Press) ; J. M. Wilson’s 
Elementary Geometry (Macmillan), Book I., to page 
80, with exercises. 

There is also an oral exam natiOn before the 
College Council This is directed chiefly tow’ards 
finding out what the candidate is rather than what he 
knows, and testing his ability to express his views on 
Scripturaland theological subjects, and on other sub- 
jects relating to the work of the Christian m nistry. 

The Student in College. A succesi^l 
candidate enters the college as a probationer. 
At the end of six months or sooner special reports 
of his work and progress are made to the committee. 
If these are favourable, he is then received as a 
student for the usual course, subject always to the 
receipt of satisfactory reports. The term of 
study is from four to six years. The curriculum 
is divided into a literary course of two or three 
years, > and a theological course of two or three. 
In cases where a stuefent has taken a university de- 
gree the first term is dispensed w th and the student 
Emitted at once to the iheological course; 

All students receive a free education with use of 
rooms, and, when necessary, free board, ft is 
expected, however, that the cost of board be met 
wholly or in port by the student or his friends 
where practicable. There are also a number of 
scholarships open to competition, by means of which 
a student of promise may obtain a sufficient in- 
come to defray the whole cost of his college training. 

Candidates seeking admission into colleges now 
recognised as- university schools, and marked in 
italics in the list on the Kst page of this article, are 
required to matricullito that they may be registered 
as internal students of the university, and pursue the 
course prescribed fbrgradua’ ion in divinity. Candi- 
dates should matriculate, if possible, beforeentrance; 
if not, they must pass this examination at the end of 
their first, or at the latest their second, session. ’ 
The Intermediate and Final Examb* 
nations* After matriculation a year’s woric 
pi^'^ores for the intB"mediate examination for the 

B. D, diegree, the subjects being Hebrew, Greek 
Testament, classics, psychology and ethics. 

The final B, D. requires a two years’ course, and 
comprises these subjects : 

1. Hebrew, with Old Testament exegesis and 
introduction. 

2. Biblical Greek, with New Testament exegesis, 
introduction and textual criticism. 

3. ^stematic thealbgy. 

4. Church history. 

5. Philosophy of theism (apologetics). 

6. History of religions; 

THE WESUHTAK METHOTOST 
CKURCH 

A candidate for the ministry must be a baptised 
member of the Wesleyan Methodist Church, and 
a fully aocredited* local preacher. The first stage 
of his candidature is the vote of the* March quarterly 
meeting of the circuit in which he resides. He 
must fijr nominated at the meeting by the super- 
intendent ; and if he has not reside m two years 


continuously in husoirouit, the superintendent must 

C ent to- ike meeting a written report concerning 
to cover the previous two yeoxe. 

An untrained man of t we n t y -five or over is not 
likely to be accepted unless ^re be evidence of 
quite exceptional abilil^. Still more is this the 
case with married men, since they cannot be sent 
to the Theological Institution. Hi the rare cases 
where married men arc accepted a financial 
guarantee must be forthcoming, since such a 
minister would receive only the income of aa 
unmarried- man until the four yeors of his probation; 
are completed, and no children bom before that 
time are chargeable on the connexion d funds. 

The Church takas no responsibility for the main- 
tenance of a candidate until he has been accepted 
by the Conlsrmice.. It is therefore important that 
he should not give up his employment until alter 
Conference. Moreover, it must be understood that 
every accepted candidate supports himself to> the 
best of his powers while at the institution. The 
charge for mamtenance there is £30 a 3'uar, and; for 
education, £35. If unable to pay these two charges, 
the candidate must, before acceptance, sign a 
declaration to this effect, to be counter-signed by 
his 'parent or guardian, and his superintendent, 
promising (a) to meet the maintenance charge, 
or (6) to pay some defined port thereof, (c) to find 
himself in clothes and books — the latter condition 
being assumed in the other classes. Should he be 
unable, through poverty, to make even the last 
promise, he must apply for a grant — which will not 
exceed £10 a year — to meet the expenses. 

The Conference expects to be satisfied on certain 
minta before accepting a candidate for the ministry : 
Firstly, thfd he believes himself called by the Holy 
Spirit, that his preaching has been owned of God, 
and that his personal ch^acter is high ,* secondly, 
that he believes and preaches the doctrines of the 
Wesleyan Methodist Church ; thirdly, that he has 
competent abilities and health for the work. 

F)petimi»ary ExMBiKa;ti<MS. The candi- 
date's first examination, known as the preliminary, 
is elementary in character, and takes place about 
the middle of April; It consists of two parts ; 

(1) A paper on the English Bible, requiring a 
general Imowledge of Scripture history, and of tho 
nature and contents of the Old and New Testament. 

(2) An English paper, in which simple questions 
in grammar, geography, history and arithmetic are 
set, and also a short exercise in English composition. 

Those candidates are exempt feom the literary 
paper who have passed the entrance examination 
of any university in the United Kinmlom, or the 
Oxford or Camoridge Senior Local Examination, 
or obtained the King's scholorship os candidates 
for admission into a training* coliem. Na candi- 
date is^n any ground excused the preliminary 
examination on the English Biblo; 

The candidate who has been recommended by 
his circuit Quarterly Meeting will be duly informed 
by the chairman of the district as to the time^ and 
place of the first trial sermon, and of his oral 
examination before the Synod. The sesnum is 
preached in the presence of three ministers of the 
district, and a written report of the service' is 
present^ by those ministers- to the Synxxi.. 

Oral Emamittalioa. The first of the caadi- 
divtc's oral examinations takes place in Ike presence 
of the ministers of the Synod during its sessions in> 
May, and the questions put will teiSb his acquaint- 
ance with the main features of Christiait thrology. 
When the vote of the Synod has been taken,, if tw 
candidate bos passed^ he is mlnrmed of the aasange- 

mo 
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mento made for his second trial sermon. He is also 
ii.' formed of the date by which he must send up his 
MS. sermon to the Ceneral Examination Secretary. 

Final Examination. Further examina- 
tions await the candidate during the second or 
third week in July. These take place at one of 
the theological colleges, where the candidate is 
accommodated for two or three days. Two 
papers, consecutive upon the ]^limiaary papers, 
are now set, the first of which nears on Christian 
doctrine and knowledge of the leading truths of 
evangelical theology as taught in the Methodist 
Church. The second paper embraces subjects of 
general education. 

During this time the candidate appears before 
a select committee of ministers for an oral exami- 
nation, to test his ability of expressing his views 
on general, scriptural, and theological subjects. 

from tUs committee the candidate's case is 
formaiy remitted to the Conference, which meets 
a few da3rs later, for final decision ; and if accepted 
by the Conference, the candidate is sent in the 
September following his acceptance to one of the 
theological colleges of the Church for three, or in 
some oases four, years* training. The distinctive 
studies proper to the direct work of the Christian 
Methodist ministry occupy the chief place in the 
student's attention ; but facilities are also provided 
for pursuing a university course, if this is considered 
desirable. 

THE PRIMITIVE METHODIST 
CHURCH 

A candidate for the ministry of the Primitive 
Methodist Church, if not a minister from another 
community, must be a regular member and a local 
preacher of at least twelve months' standing. If 
under twenty-one years of age, his parents or 
guardians must give their consent to his becoming 
a minister. 

If the candidate is a minister from another 
community, ho must be a member of the Primitive 
Methodist Church for at least twelve months prior 
to his application, unless proof be given that he is 
specially useful in the conversion of sinners, and that 
he has fairly and honourably resigned his connection 
with the ministry to which he formally belonged. 

No candidate must be recommended by the 
station with which he is connected unless his 
constitution is sound and healthy, his piety un- 
questionable, his mental powers good, his temporal 
circumstances unembarrassed ; nor unless he is 
of industrious habits, and will use prudent and 
successful efforts to save souls.” The station 
must also carefully examine him concerning his 
views of Christian doctrine, reading and writing, 
and his knowledge of English grammar, history, 
geography, arithmetic, theolo^. Church history, 
evidences of Christianity, and the history and polity 
of the Primitive Methodist Church. 

If such examination be satisfactory to the 
Quarterly Meeting, the candidate will be recom- 
mended to the Secretary of the Candidates* Examin- 
ing Committee for furwer examination. 

Oral Examination. The Oral examination is 
held at one of the three following centres — London 
I^eecls and Birmingham. The examiners, time and 
place of examination, are arranged by the Candi- 
dates Examining Committee, appointed by the 
conference. 

The examination is divided into four sections : 

1. Reading aloud a pass^ige selected by the 
examiners. 

2. Writing a paragraph from dictation. 
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3. English grammar, geography and aritnmetio. 

4. Questions as to the conversion of the candidate, 
present Christian experience, call to the ministry, 
nis knowledge of experimental theology, the histoiy, 
doctrines and polity of the Primitive Methodist 
Church, his methods of study and preparation for' 
the pulpit, of pastoral work and visitation, dealing 
with penitents, the conduct of religious services 
and the holding of official meeting. 

If successful in the oral examination the candidate 
must conduct a public service and preach before 
the district representative on the Candidates 
Examining Committee, with the chairman of the 
district meeting and the General Committee delegate. 
The candidate must alsd attend the district meeting 
for the purpose of taking the written examination. 

Written Examination. The written ex- 
amination consists of these subjects : 

1. English Orammar : OxfoM and Cambridge 
(Gill's series). 

2. Arithmetic : Pendlebury's up to p. 3369. omit- 
ting the following chapters : XVl., XXXV., 
XXXVI., XL., c to k, Xli. to XLVI. 

3. English History : Bansome's ” Short History.*’ 

4. Theology : J. R Gregory's ” Theological Stu- 
dent,” and Wesley's twelve sermons, called “ The 
Marrow of Methodism.'* 

6. Christian Evidences : Prebendary Row's 
” Manual of Christian Evidences.” 

6. Ethics : W. T. Davison's Fernley Lecture, 
“ The Christian Conscience.” 

7. The History and Polity of oar Church : H. B. 
Kendall's “ Short History,” and “ Handbook of 
Church Principles and Polity,” the ** Consolidated 
Rules and Deed Poll of the Connexion.” 

The total number of marks for the whole ex- 
amination is 900 ; 100 for each of the seven sub 
jects or books, 100 for the oral exam nation, 50 
for the preached sermon, and 50 for the written 
sermon. The minimum for the reserve list (can- 
didates for the ministry not applying for a college 
training) is 725 marks, for the college list, 630. 

The written examination begins at two o’clock 
on the Tuesday preceding the District Meeting. 

Each candidate must supply a written sermon, 
which must be signed by the president and secretary 
of the Quarterly Meeting, and sent, along with the 
recommendation from the December Quarterly 
Meeting, to the Secretary of the Candidates Exam- 
ining ( dmmittee This will be valued and marked 
by that committee. 

Candidates who pass successfully either for the 
college or the reserve list, but who have neither 
been appointed to a station nor received into 
college, must attend the ensuing District Meeting 
for examination upon their labours and studies 
during the year. Should any candidate on the 
college list wish to take the written examination 
at the district meeting with a view to improving 
the position gained by him at the previous exam- 
ination he is at liberty to do so; otherwise he 
must take his place on the college list, according 
to his number of marks. 

Candidates who have graduated in arts or matri- 
culated at any of the universities in the United King- 
dom shall be exempt from taking English grammar, 
history and arithmetic. For the remaining sub- 
jects they must gain 475 marks for the reserve list, 
and 400 for the college list. 

There is a scholarship (the Lamb Scholarship) 
which secures the advantage of the college course 
of training for young men who are unable to pay 
the usual fees and whose parents or guardians 
cannot assist them to do so. 
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THE PRESBYTERIAN CHURCH OF 
ENGLAND 

Candidates for the ministry of the Presb 3 rterian 
Church of England are not in ordinMy circumstances 
received into the theological coll^ until they 
have completed their preparation for entering on 
the study of theology bygraduating in arts at some 
recognised university. With a view to assist men 
during the undergraduate years, a number of 
scholarships have been at various times founded by 
the generosity of benefactors. Men who have 
thus prepared themselves at some university are 
admitted to the theological college, Westminster 
Collie, Cambridge, after examination in the be< 
ginning of October in each year. 

Th# Courae of Study. The minimum curri- 
culum of study in the college extends over nine terms 
or three academic years. At the beginning of each 
year of attendance two scholarships are awarded to 
students obtaining honours in the October exami- 
nation. When required, pecuniary assistance of a 
limited amoimt may also be obtained in the form of 
“ Barbour Exhibitions,’" also a certain number of 
“ Hewley Bursaries ” of the annual value of £40. 

The college is residential. The fee of £16 per 
term covers all the expenses of a student for re- 
sidence, board and tuition with the exception of 
some small extras, which together need not amount 
to more than £2 per annum. 

Every candidate for admission is required to 
send his application, with the following certificates, 
to the princip 1, not later than July Jlst. : 

1. A certificate that he is a member of the 
Church of Christ in full communion. 

2. A certificate of character from the minister 
of the congregation of which he is a member. 

3. If he be a candidate from the Presbyterian 
Church of England, a certificate that he has satis- 
fied his presbytery respecting his motives, re- 
ligious character, and probable usefulness in the 
ministry. If he be a candidate from another 
Presbyterian Church he is required to produce 
such a certificate from his own presbytery as will 
satisfy the board of examination on the matters 
specined h the regulation. 

4. A diploma of Master or Bachelor in Arts from 
chartered university of approved standing. Can- 
didates who have complete that attendance at a 
university which is required for the graduation, 
but have not taken their degree, may m admitted 
to the entrance examination on satisfying the 
board re8i)eoting their reasons for non-graduation. 

A oanaidate who has not completed that at- 
tendance at a university which is required for gradu- 
ation must make special application to the board of 
exam nation through the principal. The appli- 
cation should contain a full statement of his case, 
with evidence of his qualifications for Christian 
work or of bis success in preaching the gospel. 
The board will inquire into the exceptional circum- 
stances, and the reason assigned for seeking ad- 
misBion. and has power, shomd it be satisfi^, to 
admit tho candidate to the entranoe examination, 
subieot to the oonfirmatiem of the college committee. 

The Entrance Exnmination. The 
examination comprises the following subiects : 

1. Latin. 

2. New Testament Greek. 

3. Mental and Moral Philosophy, including logic. 

4. Elementary Hebrew grammar. 

6. The Engliw Bible ; also a short essay on a 
biblical subject. 

Graduates in arts who are not competing for a 


scholarship will be exempted from examination 
in those of the above subjects included in the final 
stage of their degree examination. 

THE UNITARIAN CHURCH 

The colleges at which students for the ministry 
of the Unitarian Church may receive their training 
exist for the purpose of promoting tho study of 
religion, theology and philosophy without insisting 
on the adoption of particular doctrines. 

The chief college is Manchester College, Oxford, 
and the full course is three years; but the committee 
may admit special students for shorter periods. 

Entrance Examination. Before entering 
the college, students must have graduated at an 
approved university, and must pass tho following 
examination : 

1. Old Testament : Prescribed books (in English). 

2. New Testament: The four gospels in GreclL 
Questions on subject matter of tho Gospels and the 
Acts. 

3. History : “ Retrospect of Religious Life in 
England,” by J. J. Tayler. 

4. Philosophy : James’s ** Text Book of Psycho- 
logv ** (Chapters I. and 11., and XI. to XXII). 

Cicero^s De Ofiiciis ” is prescribed instead of 
the philosophy paper for all graduates who have not 
taken Latin in tho Intermediate or Final examina- 
tion for their degree. 

Under special circumstances the candidature of 
non -graduates is allowed. These must be over 
twenty-four years of age. 

Both the above entrance examinations are held 
early in October of each year. 

The committee offer exhibitions of £50 for the year 
to students who i^ch ahigh standard in the entrance 
examinations. It is understood that the exhibitions 
will be continued for the course of three yeiurs. 

Every candidate for admission to the college 
as a regular student for the ministry must send 
with his application a medical certificate and a 
recommendation signed by three persons who can 
testify to his character and abilities, one of whom 
must be a minister of religion. 

To assist students who are unable to bear all the 
expenses of a university education, exhibitions are 
offered to undergraduates who fulfil certain con- 
ditions. The grants are £75 per annum for under- 
graduate students in a college of the University of 
Oxford, £50 for non-collegiate students at Oxford 
or for students studying elsewhere than at Oxford. 

Konconformist Colleges 

Congregational. New CoUeoe, Hampetead, London ; 
Western College, Bristol ; Yorkshire United Indenendeiit 
College, Bradford ; Chesbunt College, Cambridge; Haekneif 
College^ Finchleg Road, London ; Lanctiekift Independent 
College^ Mancheetot ; Mansfield College, Oxford ; Con- 
gregational Institute, Nottingham ; Congr^ational Memo- 
rial College, Brecon ; BaU-Bangor Independent College ; 
Theological Hall of Congrc^satlunal Churches in ScoUand,' 
Edinburgn. 

Baptist. Bristol College; Nottingham College; Raw- 
don College, near Leeds ; Regent’s Park College, London ; 
Pastors’ College, MetroiKilitan Tabernacle ; Manchester 
College ; Cardiff College ; Bangor College ; Theological 
College, Glasgow ; Dublin College, Ireland. 

Wesleyan Methodist. Richmond College, Surrey ; 
Headingley College, Leeds ; Didsbury College, Man- 
chester ; Handsworth College, Birmingham. 

Primitive Methodist. Hartley College, Manchester. 

Presbyterian. Westminster College, Cambridge. 

Unitarian. Manefaester College, Oxford ; Unitarian 
Home Missionary College, Manchester; Presftgfrrtan 
CoUege, Carmarthen. 

Salvation Army. Training Home, Congress Hail, 
Clapton. 

Printed particulars of college curriculum and conditions 
of entrance may be obtained upon application to the 
Principal of any of the above. 
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DRESS THE TRADE IN FEATHERS 

46 The Various Uses of Feathers and the Processes Involyed in their Prepara- 

ioutinufd from Feathers Feathers for Millinery Purposes Quills and Ospreys 


By J. P. MILLINGTON 


C£ATH£BS» like hair and nails, are products 
* of the epidermal portion of the skin. 

A feather consists of three parts : (1) A harrdy or 
calamus which is the hollow, translucent part used 
for writing ; (2) a shaft, or rachis, which is opaque 
and tilled with pithy substance (this is roughly 
quadrangular in traiisverse section with a longi* 
tudinal furrow along its inner side — ^that is, 
the bide turned towards the body ; the rachis, 
together with the calamus, form the quill) ; and 
(3. the barbs. These are subdivided into barhufes, 
and the latter again into barbicds. The barbs 
and their subdivisions constitute the web or vone. 

Feathers are of differ^t natures according to 
the parts of the body in which they occur. The 
contour feathers, or plumes, come chiefly from 
the wings and tail, and are the most important for 
ornamental purposes. Besides the plumes there 
are amaller, softer feathers which are classified 
into downs, half-downs, and hair-like feathers. 
Finally, there are the small nesting feathers. 

The plumes are the largest of the feathers, and 
sometimes show magnificent markings and 
colourings, as in the case of the peacock and 
pheasant.'^ The downs, on the other hand, are 
covered by the plumes, and are smaller, more 
fluffy, and more numerous. In aquatic birds — 
especially in those inhabiting high latitudes — the 
flufiy down is highly special!^, and is so elaborate 
as to form an important feature of the plumage. 

U«M of Feathers. The principal uses to 
w iiich feathers are applied are these : 

1. The manufacture of bedding, cushions, etc. 

2. Ornamental and decorative purposes. 

3. The manufacture of pens, toothpicks, light 
brushes for dusting and other domestic purposes. 

Sometimes not only the feathers, but the whole 
bird is used as an ornament. This is notably the 
ease with birds of paradise and various tiny 
humming birds. In other cases some part of the 
bird — for example, the wing, or the head and neck 
— ^is employed, while frequently the long contour 
feathers are plucked out and used. 

The list of birds which serve for ornament is 
long one. Among them are: 


Birds of Paradise : 
Black 
Green 
King's 
Bustards 
Crested pigeons 
Grebe 
Heron 

Humming birds : 
Amethyst 
Emerald breasted 
Ruby 

Indian crows 


Jungle cocks 

Kingfishers 

Merles 

Orange oriels 
Osprev 
Ostrich 
Peacock 
Pheasant: 
Common 
Japanese 
Seagulls 
Starlings 
Terns 


There are others, but these are the more common. 


Of the feathers usually seen, the best-known 
are those of the ostrich, while the most valued 
are those of the egret. The real home of the 
ostrich is Egypt and the North African States, 
and these countries still provide a certain 
quantity. The bulk of the supply, however, 
comes from South Africa, where the birds were 
introduced some thirty or forty years ago. 
The rearing and farming of ostriches has b^n 
attended with such marked success that the 
killing’ of wrild birds has been ahnost, if not quite, 
abandoned. The profits from ostrich farming 
vary from year to year, and are determined 
by two main factors— namely, supply and demand 
depending upon the dictates of fashion, and the 
prevalence of disease to which the birds are 
particularly liable unless allowed practically 
unlimited space in which to roam. 

The birds are clipped every eight months, 
and each 3 deld 8 an average of about 20 ounces. 
The first crop consists of chicken feathers, which 
are known commercially as spadonas. 

The ostrich feathers are sold by pubhe auction 
in London, and for the last five years the quantity 
sold has averaged about 600,000 pounds per 
annum. This represents an annual value of 
£1,200,000 to £1,500,000. About nine-tenths of 
the total amount comes from South Africa. 

The raw material is then distributed for manu- 
facture to various parts of England, France, 
Germany, Austria, and the United States of 
America. The main processes of manufacture 
are known as dyeing and bleaching, laying or 
preparing, sewing and curling and fiuisl^g. 
In addition to the manufacture just mentioned, 
there is a large industry connected with the 
making of boas and feather trimming. 

Ospreys. Egret feathers, known to the 
trade as ospreys, are taken from the long- 
winged birds of the heron family. In character 
they are exceedin^y soft and silk-like, yet 
remarkably stiff. The barbs are very fine, 
long and filiform. These are largely used as 
ornaments for the hair, generally in conjunc- 
tion with diamonds. The price is exceedingly 
high, sometimes reaching as much as £8 per 
ounce 

Considerable feeling has been shown by humani- 
tarians concerning the slaughter of these birds, 
which are usualfy killed during the nesting season, 
as the plumage is then at its best. It is recorded, 
however, that egrets flourish in confinement, and 
that the feathers taken from such birds are of just 
as high a quality, and command the same prices, 
as those taken from wild birds. It b possible that 
thb industry ma^r be developed so ^t the 
reproach of wearing murderous millinery ” 
may be taken away from those who decorate 
their hair with these beautiful feathers. 



PluDiage of many different kinds is collected 
in coont^ districts, and from poulterers in Eng- 
land and the various countries of Europe, and 
the manufacture of these constitutes a very 
considerable industry. 

Another branch ot the feather trade is that of 
fon-making. Li this ostrich feathers are largely 
employed, though at pre^t these articles are 
not much in vogue. * 

Preparation of Feathers. The pre- 
paration of feathers consists mainly in the 
cleaning and dyeing of them. It is usual to dye 
only those which are intended for ornamental 
use in boas, trimmings, ladies* hats, etc., but 
in the case of all feathers a preliminary cleaning 
operation is necessary, since wh^ taken from the 
bird they are impregnated with various substances 
such as blood and natural grease, which, unless 
removed, would imdergo decomposition and give 
rise, to unpleasant consequences. We may con- 
sider the treatment according to the three main 
purposes to which leathers are applied. 

Bed Feathers. For the maMng of feather 
beds those feathers are used in which the quill is 
reduced to a minimum and is as pliant as pos- 
sible. Such are obtained from the domestic fowl, 
ducks, geese, swans, etc., and the beet of them are 
plucked from the living birds in spring. This kind 
is preferred to those taken from the body after 
death, as they are cleaner, freer from hlo^ and 
animal fats, and less hahle to become tainted. 
They are also rather more springy and elastic, 
and so better adapted for this particular purpose. 

The feathers are first dried in stoves hy means 
of hot air, and then beaten with sticks to render 
them free and light. The dust is removed by 
shaking them in sieves, and the feathers are then 
ready for the manufacturer. 

For bed quilts the down of the eider duck 
(SomeUeria moUie) is unequalled, because in 
addition to its extreme softness it possesses 
' the property of great lightness. The down is 
supplied by the female, who, while sitting, lines 
her nest and continually adds to the warm, soft 
liniUg, so that by the time the young are horn 
there is sufficient down to cover them completely 
during her absence. 

Each nest yields about one-sixth of a pound 
of down, valued at 128. to 16s. ^r pound. 

Quilla. Like the down used in the making of 
feather beds, the best feathers for quill making 
are taken from the living bird in spring. The 
' most suitable, and at the same time the most 
expenaivo, feathers are obtained from the swan, 
but large quantities of quills from the albatross, 
heron, pelican, hawk, owl, etc., are used. For 
ffne work feathers of the crow are employed ; but 
the main source of supply is the goose, which, in 
certain parts of Europe, is bred almost entirely 
for this purpose. To all these feathers the follow- 
ing treatment is applied. 

The feathers on removal from the body are 
heated in a batii containing ffne sand to an 
average temperature of 60® C. A portion of the 
grease and other adheHng foreign materials is 
thereby softened and partly absorbed by the 
BUid, ^ile the rmnaind^ is removed by scraping 


the still warm and pliable feathers. If desired, 
any pattern or design may he then impressed ; 
on cooling the quill is left as a dry, homy 
substance, ready for cutting to the shape of pens, 
toothpicks, etc. 

Feathers for Ornamental Use. The 

feathers intended for millinery purposes are 
first sorted according to quality and colour, 
the best colours and the purest whites being 
retained for use in the natural state after they 
have been subjected to proper cleaning. Those 
which are not to be dyed are wash^ in hot 
water in which soap has been dissolved. This 
removes grease and other objectionable matter. 
After this process they are thoroughly rinsed 
in warm water, and those that are to be kept 
white are then bleached. Formerly this was 
always effected by moistening the feathers and 
placing them in closed chambers where they were 
exposed to the fumes of burning sulphur. Now, 
however, hydrogen peroxide is largely employed 
as a bleaching agent. It is more convenient to 
use, and possesses the further advantage of 
leaving a purer and more permanent white. 
Feathers and other articles that have been 
“ sulphured ” are apt to return to their original 
yellow tint on long exposure to the atmosphere, 
or on coming into contact with any alkaline 
material, such as soap. Bleaching with hydrogen 
peroxide is not open to this objection. 

Even after thkf treatment some feathers retain 
their yellowish cast, and to correct this defect 
they are often dipped into a dilute solution of 
indigo or some other blue dyestuff. This pro- 
cess is based upon the same principle as the one 
adopted by the laundress m ** bluing ” linen 
after washing, for the added blue neutralises 
the yellow, leaving a much purer white. 

Feathers, the colours of which are unsuitable 
for natural use, are dyed. Dyestuffs such as 
logwood and indigo are much used, though a far 
wider range of colours is afforded by the various 
so-called aniline dyes, artificial colouring matters 
derived from coal-tar products. 

Before dyeing, the feathers must he well 
cleaned with sc^a in order to get rid of every 
trace of grease, and then carefully rinsed to 
remove the alkali, which would otherwise affect 
the ultimate colour. 

According to the dyestuff chosen the treatment 
must be varied, since some — for example, 
malachite green, auramine, magenta, metnyl 
violet — require a neutral bath, while others 
must vaed in a h'ath made add with either 
sulphuric or acetic acid. 

After dyeing the feathers ore well washed 
and then oaretolly dried in revolving drums. 

Curling. Amr dyeing the feathers usually 
require a certain amount of curling. This is 
effrotod by pulling them over a blunt knife, or 
by the cautious application of a hot iron. Some 
piumassiors employ various ourUng liquors, with 
which they moisten the feathers hefesre dyeing. 
These hquors frequ6utfy contaiit small quantities 
of ammonia, and in some oases substances of a 
gum-like nature are added, as these help to fix 
the curl. 
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ABMs* LARGE GUNS & AMMUNITION 


AMMUNITION 


Continued from 94*25 


Constrnction and Manufiuii^e of fSitmul ^Mdkinf and V 

Chair^g Cartridges^ Sheljs. . Pemti^ii and Time Fus^ 


By JOHN W. WAINWRIGHT ' 


Small Calibre Q««F« Breech-loading 
Gum. This tjrpe [26] is l^uilt up from stem 
forgings imd an inner tube. witli jacket ^hrunk.pn 
them. The inner or. A ” fPXging is fiwt 
rough turned and drilled, Bimultaneousl^ froW 
both ends, the tube reyolying. After this it ;i9 
tempered and annealed and .tested, ' then opehbd 
out to a larger diameter, with a D-shaped' borihg 
tool working from the muzzle end, and then fine 
bored with a built-up boring tool, with soTeral 
inserted cutters with burnishers between them. 
They are then lapjied out when rapidly revolving 
by lead laps. After this they are finished, turned, 
and shrunk up. Then the rifling pperation takes 
place, the tool used being somewhat similar 
to that described under Rifle Manufacture. 

Jactlet. The jacket is then tempered 
and annealed, and then drilled through 
and second bored and second turned. The 
trunnions are grunched down out of the 
rough forging, by vertical tools, a number 
of cutting tools in a bell chuck But in 
field guns the tendency of latei* years has 
been to give aU field guns a longer recoil, 
and to provide them with a large spade 
at the end of the trail. This design has 
caused radical difference in manufacture of 
the gun jacket. Figure 27 is a Vickers 3-in. 
gim and 28 is an Armstrong- Whitworth 
3-in. gun. The trunnions are done away 
with on the jacket and a slide or grooved way 
extends the whole leimth of the gun. . Thus, 
practically, no portion of the outside from breech 
to the muzzle can now be turned in the lathe, but 
has to be planed longitudinally, the gun being 
supported and partially revolved, and the tool box 
arranged to copy the contour of a template fixed 
upon the machine. 

The breech is then slotted out in a slotting 
machine (when of the Hotchkiss or Vickers wedge- 
breech type), the rear face faded and the hole flared 
out to ^ive easy insertion to the shell cartridge. 
The action holes are drilled through jigs, and a 
dummy mechanism fitted, to test accuracy, also 
backsight holes bored. The jacket is then fine 


borckd tp s somewhat smaller dimeter than the 
baml or “ A tube, and this is called a shrink^e 
allowance. \ In sev^reJ cases there is a locking ring 
with.b^onet joint -which is duly machined. 

. ^he gun is tnep ready to be shr^k up. For these 
s^all gu^, a gas fired furnace of simple cohstruofion 
may he usedj, using fforoed draught and town gas 
through standpipes imd nozzles. This jacket is 
fixed on a revolving table perfectly upright, and 
gradually turned round, to get an equal distribu- 
tion of the heating. The jacket is tried over the 
top of the barrel before heating to ensure it getting 
into the correct position. When the ja^et is 
expanded sufficiently by heat, it is tested by gauges. 
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The barrel having been already lowered, and 
secured on ^to a plate, into the bottom of a pit 
alongside, has a taper plug placed in the muzzle 
to form a lead, and to give protection. The jacket 
is then carefully lowered vertically on to tfio 
barrel to avoid making a burr on the locking ring. 
When it is home to the shoulder the looking ring is 
turned, and the key inserted, the key fitting on the 
sides only. Should there be other reimoroing 
hoops they are expanded in a like maimer and 
dropped over. In each case the water jets are 
tumra on, causing the outside poftions to grip 
firmly and thus to fmrm an integral whole. 

Broech BIocIIb. These are of three principal 
'types: The vertical wedge, A; the transverse 
Krupp slide, B; and the screwed breech, C. 
Befenring to detail of manufacture of “A,*V the 
breech block is of the vertical sliding 
type and is retained in the hreeoh end 
of the gun by means of a series of 
serrated projecting guides, milled in. 
These engage in corresponding grooves in the 
breech end. The block » maohinM with a ri^ht 
taper, to give it a slk^ forward movement when 
closing the breech. The top of the block is milled 
to a ImBow curve to clear the cartridge case in the 
loading position, and the front is bevelled to press 
the latter home in closing the breeoh-^the forward 
movement of the block completing this operation. 
OThe front portion of the block is stepped'to form • 
a shoulder for aotuating the extraptor. 

The upper portion of the b)pok invline with the 
centre of the gun is out to reorive the bui^ 


i 
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for the striker, the former having been previously support, and for the same reason it is enabled to 
machined and hardened. This is screwed into bo shortened, and the gun breech does not need 
the front face to admit the firing pin. At the rear to be radiused for the plug to be swung out. 
end is provided a sliding cover, a stop pin being This arrangement of a short plug also enables a 
provided to limit the opening movement. The very considerable saving in weight to be mode 
striker opening near to the cover is receiased at the in the gun itself at its heaviest portion — namely, 
top to allow the striker to be removed when the the breech end. 

mechanism is assembled. The centre of the lower The contact area gives as much as 75 per cent, 
portion is hollowed out and drilled and end-milled of the circumference as useful support. The thread 
to take the cooking lever, trigger, and mainspring, is of the step-up t3npe. Each segment has a different 
A wibbled-out slot between this space and the radius. This would appear to be a very difficult 
striker opening admits the cocking .lever to the piece of machine work, but the result has been 
latter. Transverse holes are drilled in the lower obtained by an ingenious arrangement brought out 
portion of the block to receive the axis pins for the by Mr. Douglas Vickers. The interruptions, or 
trigger and cooking lever. The other components, gaps, are first milled through longitudinally, also 
such as the oranlui, crank shaft, and sleeve, are narrow tool clearances between the threaded 
machined from steel forgings and hardened, segments. It is then turned, and afterwards screw 

Semi • automatic and Screwed out in a lathe, which has an attachment to the 
Breech BlocHs* Xu the semi-automatio type cross slide of the saddle, aouated by a cam and 
there is also a steel spring of the clock type fixed in strong spring. This enables the tool to snap 
a machined-out bronze cover. The extractor, when back quickly to meet the advancing larger radius 
machined, is pivoted on a hinge pin screwed into during the period of passing the clearance groove, 
the breech ox the gun. A cylindrical striker with In machining some of the smaller breech plug-*, 
detachable point and a key is fitted into it. A hole instead of using a forging for each plug, the screw 
is drflled through the striker for the is cut from end to end on a forged bar 

head of the cocking lever. The cocking QNv parted off into a number of 

lever is forged belbcrank form, and breech screws, thus saving cost and 

pivoted on an axis pin in the space in material. Further, fe\^ er test pieces 

the centre of the breech block. required. 

In the Krupp type the breech consists ^ Guns, The ste^ ingots are 

of a transverse wide block with a n A A % \ 'wh'b a large head to ensure sound* 

circular hole through it registering to the J||L||^^L ness. This is cut off in a face-plate lathe 

chamber when open, but presenting a by a square, revolving frame, with cutters 

solid surface when moved across to the that are moved forward by transverse screws 

closed pwition. | j | y|||j actuated by a star wheel feed coming in contact 

Beferring to the screwed-breech tvpe, with a fixed pin. They are trepanned out by a 

there are numerous types of this clas,s. hollow, annular boring tool with cutting tools 

Taking one simple type [29], the screw, on its front face. This, on being fed into the 

which has interruptions (or gaps | ih^t, takes out the oentr«, thus saving a large 

between), is swung round on a carrier oa otvptt?* cylinder of metal. The ingot is then taken 
arm, which also has a bevel gear to ^ largo hydraulic foxing press and swaged 

rotate the screw, so that its threads, sobbwsd ^ mandrel, special mechanicauy- 

which have entered the somewhat radial BBBBCSH block moved turning gear slung from the crane over- 
gaps in the breech screw of the gun, head is used. The hollow forgings are then rough 

are now threaded, so that they enter and lock bored out from both ends with D-c^ped bite, witli 

into the threads of the gun screw. In this par« tooth-shaped cutting edges well supported and 

tioular the threads are cut all round and then * backed off to give clearance to the turnings, a 
shaped off to form two interruptions. But a mush copious supply of aoapy water under high pressure 

sup^cw norew breech — ^namely, the ** Welin” type, being earned up to the cutting edges of the tool, 

wmoh has been much improved by Messrs. They are then rough turned, and taken out to be 

yi<dBevi'— is t«ed for the larger guns. oil-hardened or toughened ai^ annealed. 

Weliti Bt^Meh BlocEn. This type [81 and The oil-hardening plant is of gigantic dim«asions, 
82] gives a much larger thread contact, ana therefore consisting of high gas-fired furnaces, with firebrick 
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linings and with hinged front*door opening outwards 
all the way up, and a table at the base revolved 
from below by worm gear. Above this, and 
spanning over the furnaces and oil-tanks, is a 
100-ton goliath crane worked by hydraulic power. 
The oil-tanks arc large enough 
for 16-in. guns, anof contain 
some 15,000 gallons of rape oil. 

They are partially sunk in the 
ground, and water is circulated 
round the annular chamber 
surrounding the inside shell of 
the tank, to keep the oil at a 
fairly equal temperature, and to 
prevent its firing. The tube is 
heated to about 1,500® F., and 
soaked at this heat ipr some 
time. Further, to ensure equable 
heating, it is revolved, on the 
table ^fore mentioned.- . The 
top doors are then opened,* and 
the clips put on the tube, which 
is then lifted by the oVerhCad 
crane, and plunged into the oil- 
tank. When ready, it is then 
taken out and replaced in the re-heating furnace for 
.some time and maintained at a temperature of 
700®F. to anneal it. Afterwards it is slowly cooled, 
and a further tensile test is taken. If correct, it is 
then taken to the boring lathe and second and fine- 
bored, and also lappea out. The various jackets 
and hoops are treatM in a similar manner, an allow- 
ance being made for shrinkage. * 

Wire-winding. As the larger guns are 
wire-wound, they differ somewhat in construc- 
tion. There is an inner tube, which is second- 
bored inside, but finished turned outside, and 
ovet this is placed the A ** tube proper, and 
on to this is wound, in the case of the 12-in. 
gun, some hundred miles of steel ribbon wire 
under great tension. This winding on t^sion is. 
regulated by grippers, held towards each other J)y 
weighted levers. The weights of these ‘luire^ adjust- 
able in order that the tension may be inierea^ dr 
Himinished, os required by theoretical oonstmotien. 
The gun revolves, winding on the ribbon In ad vailiSiiig 
steps or layers. The reel and apparatus traverse the 
bed lonritudinally by a long feed-screw Wblked bjr 
hand. The wire is d^en home by a w6rilEiUa4^#ith 
a copper drift, who also care^y examines ^ wire 
in transit and tn ritee to detect any delicti 
When completely wound, shemid there ' be ‘any 
rough edges on the wire or on the clamp rings, they 
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arc trued up in the lathe by 8|nring cutting tools, or, 
in other oases, ground by emery -wheels. Then the 
jacket and chase hoops which have previously been 
fine-bored, with a small shrinkage allowance to suit, 
and also finished turned, are dropped over, and 
shrunk on. The somewhat contracted bore is 
finislied inside by lapping out. It is also cham- 
bered by a built-up broaohing-out tool, or, in some 
oases, Imbbed out by an emery wheel on a former. 
It is now inspected and measured up carefullv in 
the bore, a micrometer gauge being used which 
registers the dimensions on a dial outside the muzde 
end. It is then rifled in a tangent bar rifling 
machine somewhat similar to that described in our 
consideration of rifles. 

In the meantime, the breech biuh has been 
machined. To make this, an ingot is trepanned and 
hollow forged under the press in a len^h suitable 
for making twenty bushes. It is then rough-turned 
and bored, and hardened in a similar manner to a 
gun tube. It is now parted ofi into lengths and a 
thread is out on the outside, and, further, the interior 
has the interruptions and steppe segments out into 
it by special machinery. 

\^en the gun has been rifled and lapped out, 
the breech bush is screwed in and fixed. The gun is 
again inspected minutely ; to do 
this in the interior, electric lamps 
and mlifors are used to detect 
iiny defect. Also, internal im- 
pressions are taken by wedging 
inside plastic gutta-percha, which 
clearly reproduces any roughness 
Or irregularity, and can be ex- 
aipined at leisure when with- 
drawn. 

^bturator* In the case of 
WV calibre guns, no metallic 
cartridge cases are used, but the 
efflux of the gases is prevented by 
the obturating pad. This consists 
of a pi^tic pad of asbeitos with 
an unguent Kneaded thoroughly 
into it. This mixture is formed 
into a pod between dies, under 
intense pi^sure, and covered 
with canvas. When in the ^:un, the pad is con- 
tained between front and rear metallic discs, but 
is free to expand at the circumfe^noe. On firing, 
the pressure forces back the ^ont mushroom 
plunger. This compresses the pad lonritudinally, 
and forces it outwards against the chamber, to 
make a gas-tight joint. The plunger has a hole 
drilled t&ougn its centre, in order that the flash 
from the primer may communicate with' the charge. 
This charge lies in rear of the shot, each having 
been separately Joaded into the chamber. 



88. 6-lN. BBBBCB MECEUinEBM (OFBN) 



81. C-IN. BBEECH MECHANISM 
(CLOSED) 




The breech mechanism is now mounted [80 and 
88]. The mechanism is arranged so that, by turning 
the hand wheel, the breech plug is first rotated and 
unlocked, then drawn out londtudinally. The 
obturating pad being now clear, tne whole is swung 
out from the breech of the pm. These motions are 
obtained by means of a pinion and actuating lever, 
which rotate the breech plug with gradually in- 
croasing rapidity, unlocking it. By a combination of 
the sliding bar and roller stud, a sleeve is turned, 
causing the plug to have a longitudinal rear motion. 
On this movement being contiftued, the actuating 
arm swings out the mechanism clear of the gun. 

Proof of Guns. After the final inspection of 
the guns *^08 regards machining, they have to be 
tested by proof charges at a suitable range. The 
range, it required for large size of guns, must be 
in an isolated position near the sea, and should 
have a railway siding right on to the mounting 
ground, so that the largest ordnance can be con- 
veyed there. To try the guns they are mounted on 
heavy, cast-iron surface plates, anchored down to a 
massive concrete bed. Usually an overhead g^try 
crane of 50 tons capacity spaiis the railway siding, 
so that the heaviest ordnance can be mounted With 
facility. The targets for armour plate trials are 
usually erected some distance away against a huge 
bank of sand, while fixed targets are erected on piles 
some thousand yards to seaward, and floating tar- 
gets can be moored at any practical range. The 
buildings include the magazines for explosives and 
a handling house, chronograph house, workshops, 
a splinter-proof shelter, look-out shelter, etc. 

As the proof charges give pressures much in excess 
of those of the service charges. Jit is necessary to 
obtain information on this 
matter. To do this a crusher 
gauge is used for the direct 
measurement of pressure. The powder gases act on 
the base of a piston exposed to them, transmitting 
this, and compressing cylinder of copper. The 
amount of this compression is an index of the maxi- 
mum pressure acting upon the piston base. Several 
crusher gauges are used to obtain an average. The 
copper cyinders ha^e had given to them an initial 
compression, which is recorded ; also, from the same 
rod from which they have been taken, others are 
compressed to an amount greater than that likely to 
be obtained by the maximum pressure in the gun, 
and each increment of load is recorded with the 
equivalent compression. Therefore it is necessary , 
only to measure the length of the cylinders, as 
compressed in the gun, and refer them to the 
table obtained by the hydraulic pressures above 
referred to. 

Chronograph. To measure the velocity of 
the shot an instrument called the chronogra'ph is 
used. This is a tiine measurer, and is used to 
record the time taken by a shot traversing from 
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the muzzle of the gun to a point some distance 
ahead. Two electromagnets are supported ver- 
tically. When the circuits are complete they are 
magnetised and each one sustains a brass rod. 

- One rod is called the chronometer and is a long one, 
the other is shorter and is called the register. On 
the register falling, it causes a knife-blade to in- 
dent the falling chronometer rod. Forming par*, 
of the circuit to the magnet holding up the chrono*- 
meter rod is a fine copper stretched across the 
muzzle of the gun, while a certain distance ahead. 
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QUICK-FIRING GUN ON PEDESTAL 
MOUNTING 

directly in the path of the shot, there is placed 
a screen of fine copper wires laced across, and in 
Bulated from the screen. This wire forms part of 
the register circuit. Further, a switch is arranged 
that can break both circuits simultaneously, cafled 
the disjunctor. When this is thrown over, both 
%rods are released at the same time, and a mark 
is indented on the chronometer rod. On firing, 
the shot breaks the first circuit, causing the chrono- 
meter rods to fall, and the shot in posing through 
the screen breaks the second circuit, causing the 
register rod to fall. The mark now made is mea- 
sured to that made by the disjunctor 
simultaneous release, and the average 
velocity is obtained therefrom. 

The above is an improvement on 
the Baulengd type by Colonel Holden. 
R.A. 

Field Cerriage. The trunnion 
and axle bearings of a field carriage 
ftt] are in one forging, and are rivets 
on to the frail by ample flanges. The 
traversing plate which supports the 
cradle is a steel casting. It has two 
trunnions which stand out horizontally 
upon it. These are turned on the 
journal part on tlw collar. By moans 
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of these trunofons the gun is elevated- or depressed. 
The trunnions lie in bearings in the ta^il and 
are kept m place by cap-squares. The boring 
bar is passed throu^ the bearings to true them 
up with the trail. The recesses are slotted out, 
and the cap-squares tit in sideways. A socket is 
formed in the traversing plate, in which the travers- 
ing pivot rests, and around which the gun is tra- 
versed. This traversing pivot is provided with 
horizontal bearings (for the ranging drums) round 
which the gun and cradle can be elevated. 

The traversing plate extends to the rear in two 
arms with a cross member to form a bearing for 
the traversing segment. The latter is machined to 
radius, and carries the ranging gear. The ele- 
vating ^ar is telescopic, and is arranged for 
independent, or for simultaneous elevation of the 
gun and sight. The separate and independent 
elevation are placed one on the left and one on the 
right side of the carriage. The one on the left 
elevates the whole system of the gun, cradle and 
sights, and is used for pointing. The gear on the 
right-hand side is for ranging the gun and does not 
influence the sight. An indicator shows the range 
of the gun corresponding to the elevating with 
degrees with line pf sight. The machining of this 
work with internal and external threads is done 
on a screw-cutting lathe. All the gears are. cut 
to conform to theoretical lines, as lost motion 
must be avoided. A hand wheel is on the right hand 
side with a spindle and worm upon it. Tms gears 
into a segment of a worm-wheel, to give some 
degree of traverse in either direction. 

Cradle and Cylinders. These are made 
of manganese bronze and contain the recoil arrange- 
ment and running-out springs. A lug is formed 
on the under side. These are difficult casting to 
make, owing to the thin walls and long uides 
causing contraction difficulties, but this has been 
skilfully overcome by careful moulding. As in 
other castings, the runners and tins have to be 
removed, also the cores. They are then sent to 
the machine shop. The long grooves on each side 
are planed out on a special machine, and using 
these as guides, are slid 
on to fixture, and then 
the two spring-cases 
are bored out and also 
the recoil cylinder. It 
will, of course, be seen 
that the slots retain 
the gun vertically and 
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laterally. Ip the recoil oylinder,. a liner is forced 
in with an orifloe which oontrols; the flow of the 
liquid past the piston, through a gradually closing 
p<^ The spring-oases that are. on eaeh side of the 
recoil cylinder, each contain two springs, enclos^ 
one within the other, but separated . by a tubular 
easing having a rim on the inside at one end, and at 
outside on the other. As these springs 
must have approximately equal range 
and strength, it will bo obvious, hav- 
ing in view the different 
diameters, that the section and 
pitch of the coils 
must be carefully 
calculated to ob- 
tain a satisfac- 
tory result The 
inner spring bears 
against t& en- 
larged end of a 
rod which, after 
passing through 
the spring, is 
securely attached 
to the lug under 
the gun, and at 
the other end it 
pulls on the inside 
rim of thetubulai 
case, enclosing this spring, while the outer spring 
bears against the outside rim of the tubular case ; its 
rear end presses against the cradle itself. By this 
telescopic arrangement the compression of each 
spring is about b^f the distance travelled by the gun 
in recoiling. A la^ge initial compression has to be 
given to tiiese eprmgs by screwing up. Suitable 
wheel brakes are attached. The bmlet-proof shield 
is bent in such a manner that a horizontal portion 
forms the seat, the rear vertical portion of the back, 
while the front is continued down below the axle, 
thus screening the men well, and at the same time 
forming; a seat when limbered up for travollmg. 
The emeld is flanged all round w outside edges 
and reinforced by right angles round the opening 
through which the gun projects. To protect the 
gun-layer, in these long recoil guns, a protecting 
shield is fixed at the rear end of the cradle. 

In field equipment there are three limbers. 
The carriam-limber, as shown in 28, travels with 
the gun ; cdso the carriage and ammunition limber, 
whi<m are coupled up and travel together. 

The body is made of bullet-proof steel and con- 
tains a number of pigeoa-holes, into 
which are inserted and tightly fitted 
baskets to contain the made-up rounds. 
These baskets have a wicker cover 
with a strap fastening. The end door 
has to fit up very tightly against 
these covers, and is palled with felt 
and leather. In the under-frame, 
corrugated and fianged plates are 
used which at eaoe give strength 
and lightness. The limber hook Is 
made of a steel forging, Into which is 
welded a wearii^strip of special 
high-nadeste^ The pole it made of 
sfraidt-grained ash, well seasoned 
end free irom defaots. ^OieaxleBare 
tuknilac ste^ with collars formed upon th em . 
The arme are swaged down, turned In, and 
welded at thef ends. These arms^ have the 
necessary *^hollow^’ and nne t6 suit 

the dish of the wheels and die other to ensure 
sfraight mxming on the conical arm. The arms 



are slotted tbrouj^ to receive a Ijmoh-pin, which 
retains the wheel m place. 

Wheels. The spokes are of cleft oak, well 
seasoned and selects. They are turned in a 
copying lathe, and the nave ends are carefully 
tapered. The spokes are shouldered down to a 
round section where they fit into the felloes. The 
felloes are in some oases sawn out of ash with the 

g rain running round the circumference. They are 
ored for the end of the spokes to fit into and are 
dowelled together at the joints. In other cases 
of recent practice, they are made of bent ash. The 
ash, having been steamed, is bent while hot by 
screwing on to moulds, and left for some time until 
it retains the required shape. These are bent in 
lonror lengths in the old system. 

The wheel-b^iss flanges are sometimes cast in 
bronze, or malleable iron, or of pressed steel, with 
projecting mid-feathers into which the nave of 
the spoke is inserted. Outside and socketing on to 
the boss- washer is the outside disc- washer, which is 
bolted up to it. Before insertion, the nave ends 
of the spokes are well-coated with white lead 
paint. The felloes are driven on to the spokes, and 
the spoke ends wedged. Ihen the welded tyre is 
placed over this, and in modem practice the slink- 
ing on is done by means of a series of hydraulic rams 
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to receive the pivot stem of the carriage, and has 
at its base a horizontal ball bearing on which the 
whole training mass revolves. The top of the 
pedestal is bored out to receive the training worm 
wheel, the lower part of which forms a bush, this 
latter fitting closely to the pivot stem of the car- 
riage. The uppw part of the wheel has teeth out in 
it fbr the training worm to. gear into, and is pro- 
vided with a circular facing for resting on tie top 
of the pedestal. The clamping gear is fitted for con- 
trolling the mounting, and consists of a friction 
block, set screw, two Belleville washers, clamping 
screw, clamping handle, and two stop studs. The 
ball race consists of a steel block fitted to slide in 
and out of the pedestal from the rear. 

Pivot and Carriage. The carriage is a steel 
forging of two side cheeks and a bottom, with the 
pivot projecting down. The pivot is a solid steel 
forging. It is faced on four sides in the planer, 
then two holes are drilled through it, and the metal 
of the centre portion is taken out by saws, meeting 
the drill clearance holes. It is then finished slotted 
inside. Recesses are formed on the inside on the 
cheeks for the reception of trunnion blocks, and are 
constructed so that the gtm may be drawn inboard 
after the blocks are unlocked, without any lifting. 
The trunnion blocks are forged steel, and provide 
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38. Blanking and cupping punch and dies 39. Stripping 

42. Plan of punch and strip 43. Various stages of 

all round the circumference and acting radially 
inward simultaneously. Inside the socket of the 
boss-washer a pipe-box, previously bored out 
and with oil grooves cut in it, is inserted to form 
a bearing. Some of the European nations use 
forged iron or steel wheels. 

Siege Guns and Howitaera. The tm- 
denoy since the Boer and Japanese wars is to use 
a sioTO gtm [87] with high velocity, and conse- 
quently ronger gun, for field service ; therefore the 
weight has to be kept down. 

For plunging fire, howitzers [86], with high 
angle fim are used for field, siege, and garrison 
purposes. 

Mounlinga* These features cover a multitude 
of designs — ^for instance, naval mountings, field 
carriages and limbers, howitzers, fortress artillery * 
and barbette mountings. It is impossible to go fully 
into the manulacture of all these, so the 6-in. 
pedestal mounting [841 is given in detail, and the 
others are lightly touched upon. This mounting 
consists of the following principal parts — namely, 
pedestal, pivot and carriage, cradle, and shield. 

The PRiIrrIIrI* The pedestal is of forged steel, 
being flanged at the bottom, and is aecured to the 
deck of the ship with bolts. It is bored and bushed 
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the case 40. Indentlnc tools 41 • Kecking or tapering 
drawing from blank to finim 44. Fulminate plates 

with looking blocks operated bv links and rocking 
lever on the toggle joint principle. Suitable handles 
are provided for operatmg the links and looking 
bloc^, so that the latter may be moved in order to 
engage with the recesses in the carriage when 
. lo(^ed. One block moves upwards, and one down- 
wards into oval recesses in the cheeks in the pivot. 
On each side of the carriage is bolted a steel side- 
bar, the left-hand one carrying the elevating and 
training gear and platform, the right-hand one 
carrying the training gear and platform. Steel 
stays are provided, one on each side of the carriage 
to support the shield. 

Cradle. The cradle is made of steel plate, and 
Is shaped to take the gun. It also carries the recoil 
cylinder, spring cases, sighting gear, guard plates, 
' reserve oil-tank, and cover plates. Bronze bearing 
strips running oiroumferentially, are provided at 
front and rear end of the cradle, on which the gun 
slides ; and at the trunnion end a cap of forged steel, 
also having manganese bronze bearing strips, is 
bolted to the cradle. Two key ways, running longi- 
tudinally, and bushes with bronze are provide, one 
in the cap and d^'e in the bottom of the cradle, forming 
guides for the 1^^ on the gun. The trunnions are 
of steel, sorewed^^ secured into the cradle. 
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Tho recoil cylinder is of forged steel and bored 
out. There is'^a key on the cylinder, fitting into a 
recess on the under side of the cradle, to assist in 
taking the strain vrhen the gun is fired. At the front 
end of the recoil cylinder is fixed a steel nut, gland, 
and plug, and into the last is screwed a retting 
ram. The rear end is threaded for the cylinder plug, 
which is fitted with glands and packing, through 
which the piston rod 
works. On the top of the 
cylinder, on the right is a 
filling hole communicating 
with the oil-tank, and in 
the rear is on oil-hole 
closed by a plug and 
leather washer. 

The piston and piston 
rod are in one piece and 
of forged steel machined 
all over, the piston having 
a circumferential groove 
turned out, into which is 
fitted a manganese bronze 
ring, which fits accurately 
into the recoil cylinder. 

T’he piston rod is bored 
out from the front, and is 
provided with a steel bush 
to accommodate the re- 
tarding ram. The rear 
end of the rod is secured 
to a lug on the gun by 
means of a steel collar and nut. The retarding 
ram, which is of manganese bronze, is screwed 
into tho plug in the front end of the cylinder, and 
projects into the hole formed in the xjiston. It is 
provided at the end with a ball valve, which admits 
the liquid into the cavity of the piston during recoil, 
and snuts off its escape during running out. The 
escape is then controlled through a hole up the centre 
of the ram and past a small 
justable plug, which is accessible 
from the outside front end of 
the cylinder. The adjustment 
of this plug is such that the run- 
out of the gun is under perfect 
control. 

The valve key is made of 
bronze, shaped to lie in the bot- 
tom of tho cylinder. The top 
edge of the key, in conjunction 
with the piston, forms a port, 
through which the liquid is 
forced, os the gun recoils. The 
shape of the top edge of the key 
is arranged so that an approxi- 
mate uniform pressure is set up 
in the buffer during recoil. 

The running-out spiral springs 
are placed on each side of the 
recoil cylinder, and are enclosed 
within steel cases. These oases 
are sometimes made.out of steel 
tube or bored from the solid. 

Each case contains three spring 
sections, a gunmetal disc being 
placed between each section, with a gunmetal 
plate at the front and rear end of the spring. The 
springs are placed so that they can be removed 
or replaced without taking off the initial compres- 
sion, the cap which holds them in position being 
fixed to the spring-case by interrupted collars. The 
springs are compressed to their initial loadi by the 
compressor bolt 
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The compressor bolt is secured to a steel crosshead, 
which is fixed to the lug on the breech end of the 
gun. In addition to the sprix^-case being supported 
at the ends of the crosshead, steel supporting straps 
are provided, binding oases to the cradle and recoil 
cylinder. 

Sighting Gear. The si^ts are fitted one on 
each side of the mounting, and are arranged to be 
actuated by a separate 
si^t setter on the left 
side. A special feature of 
the sight are the dials 
with spiral grooves ; those 
give large and clear read- 
ings for range and deflcc- 
tioh on the circumferences. 
The grooves are formed in 
a milling machine with 
vertical spindle, free to 
revolve and with down- 
ward feed, but with a 
fixed vertical axis, the dial 
being placed horizontally 
on a revolving table witn 
a cross-traverse. Thus, 
KS the dials revolve, the 
cross-feed motion con* 
tinually decreases, the 
relative distance between 
the centre transversely of 
the dial and that of tho 
vertical milling cutter, 
thus forming a spiral groove of equal pitch. Back- 
lash, due to the wear of the working ports, is 
eliminated by the use of divided spur gear, one-half 
of which can be advanced to compensate the wear. 

A variable power, day and night sight telescope, is 
provided on each side, and, in addition, open sights 
are fitted when required. The rocking bar and 
carrier arms are machined out to channel section, 
and gauged. Mandrels repre- 
senting the telescopes are occur- * 
ately placed, and bradod into the 
clip brackets. To test the gear 
for accuracy, it is fastened along- 
side the teue surface table, and 
the relative heights are tried by 
scribing blocks with a clock face 
micTometer containing multiply- 
ing gear which enables it to give 
large, clear readings for minute 
measurements. 

Ammunition. The manu- 
facture of metallic ammunition, 
or OHjrtridges, involving as it does 
severe punishment to the metal 
cases in their production, by 
successive pressings, drawings, 
and squeezings, toj^ethjr with a 
number of annealings, necessi- 
tates the use of a most ductile 
metal, which experience has 
shown to be an alloy consisting 
of 70 per cent, of co^^r and 30 
per cent, of zinc. The metal, 
which is melted and oast into 
uiirad 


striM, is ^ 

thioimesB,'and cut ihte stei^ of a suitable width. 

In the induction of sn^ cartridge cases, the 
first operation consists of cutting-out . the blank 
and cupjpixm it ia a die press. The strip of metal is 
auiomatioajly fed into the press^hy of rolls, 

Which receive an intearmittent motion &om a ratchet 
wheel and pawl. When the metal is at restover the 
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die the outer or hollow punch [A in^ 88] descends, 
cutting out the blank or disc. When this punch 
reaches the bottom of its stroke^ the inner punch, 
B, ^len descends, pushing the disc through the die C, 
and thereby forming it into a cup. 

MaKing Cartridge Caaaa* To rise the 
strip of metal in the most economical manner, and 
avoid an excess of scrap metal, three blanks and 
cups (or any neater odd number) are made at 
each stroke of the press, the x)Osition in plan of 
the punches being indicated by the dark circles in 
42, the metal being fed forward a distance slightly 
in excess of the blank diameter after each stroke. 
By thi three succeeding operations the cup is 
drawn or extended, each one reducing its diameter 
and the thickness of the' sides or walls, and at the 
same time increasing the length. In the 
machine for this purpose the cups are fed 
or placed by hand into reoesaej in a hori- 
zontal intermittently revolving table, each 
in its turn coming over a die, npon which 
it rests. ^The punch, then descending 
therein, carries it through thedie, squeezini 
its sides, which reduces the di^lmeter, am 
at the same time Extending the length. On 
the return stroke, the case, which at the 
open end expands somewhat, is stripped 
or pulled off the punch by the die which 
it previously passed through [89]. I?he 
wall of the case or shell is required to 
be taper, or otherwise it is necessary for the metal 
of the shell to bo thicker at the dosed end and 
thinner at the open end. To attain this, the draw- 
ing punches are made taper, being smaller in 
diameter at the end entering the shell. 

Indenting and Extending. The thick- 
ness of the metal in the end of 
the case has not been materially 
reduced, and it is now necessary 
(before proceeding with the 
drawing or extending opera- 
tions) to indent the end of the 
case. This at the same time 
acts also os a preliminary head* 
ing operation, or forms the end 
so that an excess of metal is 
left therein, which will be re- 
quired later. A machine for 
tW purpose is illustrated in 45. 

The oases are plcused into an 
incline shoot by the attendant, 
and are automatically taken 
therefrom upon a punch or 
mandrel when it is coming for- 
ward, which, when at rest in 
the forward position, receives 
a blow or squeeze from a die 
which is held in a toggle-slide, 
thus forming the indent. Upon 
the return stroke of the punch' 
the case extracts itself and falls 
into a receiving box below. The 
tools for indenting are shown 
operating in 40. 

Following the indenting 
there are two further operations 
of drawing or extending to 
obtain a ease of the requiM length. The open or 
thin end of the case or slmU, throu^ uneven annealing 
(which will be describe later) or irregularity or 
the 'metal caused by the successive processes of 
drawing> bedtees ragged and always requires one 
or mm trimming o^atlbi^, ah eicess of metal 
\}eing allowed in the blank for this purpose. * 
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A machine for this process is illustrated in 46. 
The cases are placed in an incline shoot, and are 
automatically taken therefrom upon a revolving 
— and reciprocating — mandrel, a revolving cutter 
coming into contact with the case when the man- 
drel has carried it forward a set distance, trimming 
or cutting off the surplus metal at the end, thereby 
leaving the case its correct length and with 
a clear end. Upon the return stroke of the 
mandrel, the case is extracted therefrom, 
falling into a suitable receiver. 

Heading*’ and ** NecKing 
Cartridges, The next operation consists 
of pessing or forming the head on the case, 
otherwise known as ‘^heading.’* In working 
the heading machine the cases are fed by 
an attendant into a shoot, from which they 
are automatically taken upon a punch 
when making its forward stroke. As the 
punch with the case upon it comes to rest 
in the forward position, the toggle- join ted 
slide containing the die comes towards it 
from the opposite direction, giving it a 
powerful squeeze and forcing the metal to 
how into the reauired form. Upon the 
return stroke of the punch, and the release 
of the die, the ease is self-extracting and 
falls into a box. The form of the end 
of the case before and after the “ heading ” 
operation are shown in section in 48, which 
also shows the various stages from the blank to the 
finished case. It is sometimes necessary to have 
a final indenting operation after the heading so 
that the anvil contained in the head and upon 
which the cap is struck when firing may be properly 
raised, and the chamber for the reception of the 
cap properly fonned. 

Tapering or reducing, com- 
monly known as “.necking,” 
consists of closing in the open 
end of the case to a smaller 
diameter than the main ix)rtion 
of the body. In the machine 
for this process the cases are 
fed down an incline shoot in 
the usual manner, the one to 
be operated upon falling into a 
recess at the bottom, and being 
token therefrom by a pair of 
fingers projecting from a rock- 
ing shaft actual by a cam, 
placing it in the direct line of 
punch, which upon the for- 
ward stroke extracts the case 
from the fingers, and at the 
same time forces the open end 
into a to)Mr fixed die. A 
mandrel wnich enters the die 
from the opposite end following 
up the punch on its return 
stroke, positively extraoting 
the tapered case from the die, 
allows it to fall into a re- 
ceiver. The tools are shown 
in action in 41. 

In some instances, where 
there is considerable r^uotion 
in the diametw of the open ^d of the case, the 
tajMring ie formed in two operations, the first taking 
it half-way down the die, and the second complet- 
ing the work, and forming the short sharp curve 
near the open end. 

PiDredng and Aaaeallag Cartrldgaa. 

Piercing consists of forming two small holes., hi 
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the head of the case, for the fire or flash from the 
eap. This operation is sometimes performed in a 
horizontal, automatic drilling machine, but more 
frequently in a special machine. The oases are fed 
by hand into holes in the intermittently revolving 
table, and are carried under the piercing 
fixed in the top of the frame, which descends 
and pierces tne holes. An ejector worked 
from the crOBshead below extracts the case 
after piercing. Sometimes the piercing is 
performed by two indejjendent pun^es 
working from opposite sides of tne case. 

The mouth or open end of the case now 
requires rimering out a little, so that the 
bullet may readily enter. Not the least 
important part of the production of the 
cases is the numerous gauging tests which 
are necessary to assure accuracy. 

Annealing may be defined as the release 
of strain in the metal which has been too- 
duced by mechanical treatment. The 
effect on the metal cases set up by the 
various drawing, heading and tapering pro- 
cesses causes it to become brittle ; for this 
reason there is a limit in the amount of 
work in reducing or altering the form of 
the area of the metal it is possible to per- 
form at each operation. These defects of 
homogeneousness of structure may, how- 
ever, be removed by heat treatment. The 
cases are heated with care, and then allowed 
to cool gradually. The operation of an- 
nealing may be performed either in a re- 
volving gas-blast furnace, or in larger 
quantities by a coal-fired furnace, the temperature 
of which should be between 550° and 650°. 

When the cases have been annealed there is a 
layer of oxide on their surface, due to being heated 
in contact with air. This oxide is removed by dipping 
in acid liquids and finallv by swilling in water. 
The corrosion may also bo due to sulphur and other 
foreign bodies derived from the fuel. If strong and 
hot aqua fortis be used, the metal is liable to be 
dissolved and {sresent a rough surface; for this 
reason a weak solution shomd be employed for 
cartridge cases. 

Bullet-maklng. The next process consists of 
the bullet-making proper, the le^ rod, which has 
been formed in a lead-squirting press [46], being 
automatically fed into a special machine. Ibe rod 
is &rst sheared to the required length ; it is then 
taken by a 
punch, and 
forced into a die 
which is the cor- 
rect shape and 
form of the 
bullet, the 
finished bullet 
being finally ex- 
tracted auto- 
matically from 
the die. The 
envelope for 
covering the 
bullet — the 
metal for which ‘ 
is an alloy of 
copper and nickel, better known as mpro~niokeU-^ 
is made in a similar manner to the cartridge case— 
that is, the blanks are cut out and the cups formed 
at one operation. They then require extending, 
being drawn four times in succession ; this leaving 
a rough edge at the end, a tnmming process is 
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necessary to complete the envelope. The lead 
cores are now placed in the envelopes and taken 
to the coring machine, being placed in a shoot, 
from which they are automatically taken between 
a punch and die and the lead core being forced 
tightly into its envelope, the whole being sdf ex- 
tracting, and a completely encased bullet 
is delivered from the machine. In some 
instances two or more operations are re- 
quired, the form of the conical end being 
thereby somewhat reduced. 

The cap is made of copper, and it is neces- 
sary that the metal employed be as nearly 
pure as possible, and perfectly soft, so that 
it may be formed to the necessary shape 
without fracture. The metal strip gener- 
ally used is from *010 to *014 of an inch in 
thickness, and is cut out and formed at one 
0 ]^ration, in a similar manner to that 
adopted in producing the caps for cases. 
In some instances the caps are trimmed or 
faced, this operation being performed auto- 
matically in a special cap-trimming ma- 
chine. After this they are polished in a 
shaking or tumbling machine. 

Charging Capa. They are now 
ready for charging, the composition 
employed for this purpose being fulminate 
of mercury, combined with other ingre- 
dients in order to ensure the ignition of 
the powder charge by the blow struck upon 
the cap. The fulminate is highly dangerous 
to handle, though comparatively free from 
danger in charging when the work is per- 
formed in a suitable macmine. The caps are placed 
by hand into a copper plate which is provided 
with a number of holes of a suitable size. The 
plate is then put into the lower part of the 
charging machine, and has three orass plates 
above it. These plates are accurately ground to- 
gether and work with little friction. The plates are 
all perforated with holes corresponding in size to 
those in the caps [44]. The perforations in the lower 
plate are exactly opposite those in the caps, wnile 
those in the upper one are half-way between or over 
the blank portion of the lower plate. The middle 
plate — which is a sliding one— has its blank 
portion below the holes of the upper one while the 
latter is being charged. When the holes of the upper 
plate are filM with the composition, the middle 
plate is caused to move forward, so that its holes 

come under 
those of the 
upper one, tak- 
ing therefrom 
the composition. 
Thus, when the 
holes of the 
lower plate com- 
municate with 
those of the 
middle one, the 
caps are filled 
with a quantity 
of composition 
corresponding 
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During flight 


to the tmeknaas 
of the centre 


plate. It is now necessary to press the composition in 
the charge caps. For this purpose they are taken to 
a pressing mamiine! A small machine for hand use is 
illustrate in 47. A larger power-driven machine is. 
however, more frequently used, and consists of s 
frame having a orosshead working vertically through 
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the Interventidn of belts, gening, «cnd a crank 
shaft, and also haring a tabte which is recessed to 
hold the plates containing the caps; each plate 
contains 1,000 caps arranged in rows of 25. The 
table has an automatic intermittent feed, arranged 
so that each row of caps is brought in its turn directlv 
under the plungers contained in the crosshead) which 
then descends and presses .the fulminate tighdr 
into the cap. The row of caps, being compressed, 
rests upon a number of movable bases which are kept 
up to their work by counter or balance weights, so 
that the pressure on each cap is regulated by — ^^aiid 
cannot exceed — that exerted oy the balance weight, 
which can be varied to suit conditions and may 
be as much as 1,000 lb. on each cap. 

The surfaces of the compressed fulminate — 
the caps still being in the receiver plate — are now 
covered with a small piece of tinfoil, and then 
varnished, the apparatus for varnishing having a 
plate which is covered, with a solution of spirit and 
shellao. A number of small vertical plui^^ers are 
caused by the operator to descend on the plate, each 
takmg'up a thin layer of the varnish; the plunger 
plate is tnen raised, and the varnish plate removed, 
the receiver containing the caps being substituted | 
the plungers are agam brought down, and leave a 
thin coat of varnish on the surface of 
the compressed composition or ful- 
minate. The cardboard or felt wads 
are made in a cutting-out press, the 
sheets of material being self-feeding, 
and the blanks are out therefrom by 
a punch and die. 

AMemblinA CartridgeA. 

The various parts am now ready for 
assembling. The caps are embedded 
into their oases by a machine. These 
ceases are placed in the long incline 
shoot, and the caps in the short one, 
a cap and case coming together at 
each stroke of the machine, the cap 
being tightly forced in. Upon the 
release of the pressure, they fall into 
the box below. In loading the cose 
with cordite, about sixty pieces of 
which — somewhat resembling fine 
twine — are required to fill each case, 
the pieces are automatically cut to 
length, filled into the case, and pressed 
home. The cartridge is now ready to receive its wad 
and bullet, and the final operation of securing the 
bullet. 

The complete cartridge is then cleaned and passes 
through the inspection stage of gauging and rectify- 
ing, and is finally weighed in on automatic machine 
having three receivers, one each for those of correct 
weight, one for lighter and one for heavier, the 
limit of variation being about two grains. 

Shrttpnel Shell. This is principally used 
for field and naval porposes, and one type is show 
in 48 . It consists of a hollow steel case, with a ^lid 
base, filled wi^ lead bullets. In the case of the O^in. 
there are over 500 bullets. On th6 inside, near the 
base, is ashoulder for asteeldiaphragm to wtupon; 
below this is the bursting charge, which is in com- 
munioation with the fuse and head of the tu^. The 
contact head iaof brfun, and contains the time fuse 
at its nose. This type of shell is fired out of the gun, 
the fuse havlnff previously be^ set, and when in 
air over the oblmt^uoh as mfantry, cavalry, or 
boat fiotilh^r^w flash from the ignited fuse passes 
dowh from ijbfi fuse to the bursting charge. The 
bullets, etc., fly forward with accelerated speed. 

The hollow fogging is bored out to the larger 


diameter for the bullets, and the diaphragm; and 
to the decreased size for the powder chamber. Then 
the open mouth towards the head is enlarged, and , 
into this the finish^ brass head is inserted, and 
riveted with brass rivets. Inside the head is a wood 
fillip plug, and at the point the time fuse is screwed 
in. The bMy is turned in the ordinary way, and the 
driving band compressed into the recess. The lead 
bullets are machine moulded, aud then pressed into 
charcoal to fil) the case. 

Small Sheila. Small shells — armour-piercing 
6-pounder steel-^are in jsome cases for^ under the 
steam hammer from a round bar ; in other cases they 
are hollow forged and the base turned over in presses. 
They are then annealed and bored out. The mterior 
insido the point is bored to a special shape, and Ss 
formed by a oop 3 nng arrangement at the back 
of the shell. They are then rough turned on the 
parallel part and then the ogival, or conical head, is 
turned in a speoid lathe [51], which radiuses round 
the body. Tne shell is then reversed in the chuck 
and finished turned, and the groove for recess cut 
in to contain a driving band. There are several 
projections left standing up in this recess, and these 
are machined in the form of waves by the action of 
a cam acting upon the slide rest. These projections 
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eat into the copper driving band, and the wavy 
contour prevents the band slipping round. The sciew 
threads are out into the base by a special tool. 

The shells are hardened in water from the point 
for some distance up. The plugs are made from 
the bar in a hollow mandrel lathe, and are screwed 
tightly home into the base of the shell. The 
oop^r driving bands are compressed into the 
recess by a press having a relief valve, and the 
dotsides are tapered to the front, and annular 
grooves are out in them. The driving band* takes 
the lands ^ or projections — and grooves of ithe 
rifling, so that- the shell revolves when passing 
out of the gun ; at the same time it obturates or 
m^es a gas-tight joint, - so that none of the 
. powder gasses pass beyond this band. The nose 
is now bobbed up to the required shape by high 
speed emery wheels, controlled by a former saddPb 
to give the cone shape and sharp pokit. They 
are now lacquered, inspected, and painted. 

ArmottropiarcHuf Shell. This class of 
shell h a steel^tempered forging, with qgival-pointed 
head, with a smaU-siEe cbAmber ifiude for high 
explosive okarge, and generally is fitted with a base 
fuse. Also many projectiles ate fitted with, a 
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voft steel cap, whioli protects tHe front and generally 
eases the penetration of the shell by preventing 
its being oroken up. The operations are some- 
what similar to the smaller shell. 

The shell is bored and counter-bored — or enlarged 
— inside, and the smaller diameter at the base 
has threads out in it by internal milling, or by 
fixed cutters, to which the correct feed 
is given, lliis shell and others, after 
internally heating by steam, are coated 
with lacquer, to give a smooth internal 
surface to prevent premature explosions. 

The shell is then painted, and distinctive 
bands, showing the nature of the shell, 
are lined upon them. A semi-armour- 
piercing sheU has thin wall«, but is strong 



for the lar|;er. They contain the detonating 
composition in a recess in front. Below this is the 
lead guard pellet, supported by the roughened 
steel or brass needle that is embedded in it. On 
the shock of discharM the inertia of the lead guard 
causes it to set bacK, arming the needle — that is, 
causing its point to protrude. During flight the 
^ard, with its projecting neome, lies 
backwards against the base of the fuse ; 
but on impact it moves freely forward, 
tbe needle piercing the detonator and 
^iting the bursting charge in the shell. 
The smaller type of fuses are manufac- 
tured from r^s in turret lathes with 
hollow mandrels and rod feed. In some 
later types of machines no less than four 


enough to withstand the shook of dis* Before firing During flight rods are manipulated at one time. It 
charge. On striking or penetrating an 52. small FUSES impossible to descril^ the numerous 


' object, the base percussion fuse i^ites 
the burster and breaks the shell into fragments. 

Large cast ste.^] common shell, suitable for 12-in. 
to 5-in. guns, are moulded with the head down- 
wards. The mould is lined with a gannister 
composition, used by steelmakers to stand the high 
temperature. Suitable core prints are formed at 
each end. The hollow interior is formed by placing 
in a core, which is formed round a spindle. 

This is covered with asbestos, and over 
this again the ** compo.*’ To ensure sound 
casting, it is necessary for it to have a large 
superimposed head to compress the metal, 
and to ensure that it is fed to all parts of 
the shell. Moreover, the occluded gases 
and the poorer metal rise up into this 
head, which is afterwards cutoff. The 
shells as cast are then annealed for twenty- 
four hours before passing on to the machine 
shop, where the processes that follow are 
somewhat similar to those for armour-piercing shell, 
except that th^ are tested by internal pressure. 

FuMN. several ^pes of fuses are shown 
in 50, 52 and 5}. Ihe large percussion [50] 
consists of a stamped manganese Inr^ze body. In 
firing the gun the piston pressure plate PP is 
blown in; tto collapses the supporting ring — 
which is made of 
drawn pure tin 
tube— as shown 
ia 50. This, by 
pushing up the 
bridle, releases 
cne of the centri- 
fugal pellets. 

These pellets fly 
outward. The 
detonating pellet 
with its cap is 
then free, and 
lies back at the 
base ; but on 
striking it moves 
forward, the 
fixed needle 
above piercing 
the csp. The 
fiash from this 
^ites the pow- 
der in the pellet and that around the needle plug, 
t'n* B communicating with the burster inside the wefl. 
This latter action is clearly shown during fCight at 0. 

Small Percuaaion Fuaea. These [SSt] are 
made of gunmetal for the small sizes, and steel 
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types of fuses, such as delay action, also 
electric primers — for one type of which sec 58 — 
within the scope of this article. But the combined 
time and percussion fuse will be described briefly. 

Combined Time and Percussion Fuse. 
This fuse [54] is used principally with shrapnel 
shell. The composition must burn in a regular 
manner, and is set to act by time at very short 
intervals. The principal parts of the time 
arrangements consist of the body, composi- 
tion ring, and dome. In addition to this 
there is a percussion arrangement at its 
lower portion, to enable tbe shell to burst 
on impact in case of failure of the time fuse. 
This fuse is screwed on the exterior to fit 
into the shell, and bored out to take the 
percussion arrangement. The body ex- 
tends upwards through the dome. The 
composition lies In the central belt of th3 
body with a ring above it also containing 
the lighting composition and tbe hammer, with a 
steel needle suspended by a copper wire above the 
composition. There is a hole bored through the ring 
near the start of the composition channel to allow 
the gas to escape. The outside of the ring is divided 
into eighteen naif-seconds time of burning. These 
are further subdivided. The dome fits over the 

composition ring, 
and is held in 
place by the nut 
Fcrewed on to the 
stem on top of the 
body. The action 
of this time part 
is such that, when 
the fuse is sot, 
the shock of dis- 
charge causes the 
hammer to shear 
the wire, and fire 
the detonator and 
composition ring, 
which burns 
round the dis- 
tance required, 
firing the charge 
in the horizontal channel, and the bursting charge in 
the lower chamber of the shell by passing down the 
primer tube, and thus explodes the shell. The per- ' 
cussion part is shown ** mfore firing *’ and ** during 
fil^t,’* to illustrate its action. 

Either p^km of this fupe oan be used as desired, 
for time or percussion. The body is made out of 
brcmze bar in a hoUow mandrel lathe. 


During firing Daring flight 
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thinning the edges of the metal sheet is now 
apparent. 

After the joint has been tightly fixed by hammer- 
ing, the tube has to be finally joined by brazing. 

The Process of Brasing. Brazing, in 
this class of work is performed in this way. A little 
of the purest spelter is mixed with finely-powdered 
borax, well moistened with water. This mixture is 
laid along the parts to be brazed. The tube is then 
gradually brought up to the melting point of 
8]^lter, either in a forge or in a blowpipe fiame. The 
instant the spelter runs the heat must be reduced. 

The*^ are certain precautions to be observed 
if success is- to follow. First of all, the portion 
charged with the brazing mixture must be directed 
away from the flame tfll the who!e tube is hot, 
otherwise the borax would bubble up and vanish, 
and brazing would be an impossibility. When the 
tube is nicely hot, then the mixture sets, and will 
no lonmr bubble. The heat is then applied to and 
around the proposed joint, and the brass becomes 
red-hot. Spelter melts some two or three degrees 
below the melting x>oint of pure brass, and so the 
joint must be watched very carefully, for if the heat 
is not reduced the instant the smelter runs, a hole 
would certainly be burnt right throu^ the tube, 
and the work either ruined or a difficult repair 
rendered necessary. Once the spelter has run, it 
is carried by the dotblx right along the joint, firmly 
uniting the metals. Should there be any danger of 
the joint springing open when heated in the brazing 
furnace, before the spelter runs, then the tube must 
be bound togethei with iron wire, to hold the 
joint in position. 

When the tube is cool again, it will be seen that 
r^t along the joint there, is a ridge of metal. 
This is now roughly taken off with a rasp, and 
the tube then put upon an iron of suitable size. 
The metal at the joint will be felt to present a 
ridge inside, if the finger be inserted, and this 
ridge must now be removed. The tube is held 
firmly on the ircm, and the rid^ and surrounding 
metal beaten with small, curved hammers till the 
surface is quite even, and till the inside is quite 
smooth. On examination, it will also be found that 
the metal along the joint has now been rodnced to 
the thickness of the plain sheet from which the tube 
was fashioned. 

This beating may have unduly hardened the 
brass at the jomt, and so it is sometimes advisable 
to anneal the tube at this stage. Annealing is 
simply heating the tube till a dull red is produced, 
and then allowing it to cool slowly. It is a pro* 
eocding which must be resorted to whenever the 
metal has been consolidated by much hammering. 

The rough tube must next be made perfectly 
cylindrical, and this is done by placing it on irons 
and beating it with hammers, wMe it » repeatedly 
turned round and round. The soft brass very 
rapidly followB the curvature of the iron, and a tube 
with a perfectly circular section is thus obtained. 

MaKing the Bell* The bell is made from a 
very wide-mouthed cone. After it has been joined 
up into tube form, as in the foregoing directions, it 
is placed on a series of conical irons and beaten out 
to shape, frequent annealing being necessary. The . 
final irons exactly correspond with the ultimate 
curvature of the bell. 

All the various sections of the tube being thus 
prepared, the next task which faces the workman is 
the bendmg of all those which require to be bent. 
At first sight, this seems a very difficult operation, 
but in reality it is not so, a little care being all that 
is necessary. 


Evading the Tubee* From experience we 
know that if we attempt to bend a straight piece of 
brass tube we can do so easily enough, but the tube 
will be flattened a good deal in the process, while 
ugly puckers will show on the inside of the curve. 
To prevent a good deal of the flattening, and to 
enable us to remedy the puckering, we must support 
the tube inside in some manner, and in practice 
this is done by filling up the tube with molten 
lead. If the lead is not over-heated, no harm what- 
ever is done to the brass, ^and the gradual cooling of 
the mass makes the brass very soft and removes a 
good deal of its tendency to split. 

The tubes being filled up with lead and cooled, 
the workman takes one and oegins to bend it, having 
a pattern before him of the exact curve he wishes 
tojmpart. The bendmg is accomplished in v^irious 
ways. Sometimes one end of the tube may be loosely 
gripped in the vice, and the end bent round, a little 
at a time, till the correct curve is arrived at ; at 
other times a wooden pattern of the curve or a 
metal one is taken, and the lead-lined tube forcibly 
bent round it. The latter is the method employed 
to give the beautiful circular form to French horns 
and instruments of that pattern. 

But you must be very careful only to bend a very 
small section at a time, if bending without a fixed 
frame around which to bend. If not, you will find 
that instead of having a series of small, low ridges 
on the inside, there will bo a lesser number of high 
ridges, with narrow bases, and the tube will be 
ruined when the next stage is reached. 

Levelling the Inside of the Tube. 

When the bending is completed, and the curves 
exactly represent the models, if you examine the 
tube you will see that the outside is a little flat- 
tened, and could It bo gauged you would find that 
the metal there was thinner than on the inside. 
The inside will be" one mass of fine puckers, with 
broad bases, extending evenly all round the curve. 
These must now be removed. Laying the tube 
on a wooden block, the inside is hammered with 
wooden or metal hammers, each of the little mounds 
being beaten down smooth, the extra metal being 
thus distributed all over the interior surface of the 
curve. Had you been too hasty or violent in the 
bending, when you came to beat down the high, 
narrow-based ridges which would have been formed 
you would have n>imd that instead of being easily 
reduced to the level, these ridges would have bent 
over, and the metal would have split right across 
the tube, which would have been utterly spoilt. 

When the tube has been beaten and coaxed into 
shape after the bending, it is strongly heated till the 
lead melts sufficiently to be pour^ out. It is not 
necessary that the whole ot the lead should be 
fluid ; a very little melting will often suffice to 
enable the bulk of the metal to be shaken out of the 
tubes in a lump. 

After slow cooling, the curves are now draun 
through drawplates, and then placed on bent irons, 
and the final circular shape restored. If these 
operations have been carefnlly performed, the bend 
will look perfectly cylindrical, and the tube will 
show no trace of the puckering which it has under- 
gone. 

The surface of the tubes is now partially finished 
off, first of all by rough filing, followed bv the use 
of a steel scraper, which in its tarn is followed bv 
polishing with strips of emery paper or cloth, tiU 
a fairly hfj^ polish is obtain^,: and all file-marks 
and soratohes are removed. This. is done to fisake 
the final polishing easy to aooompUsh when tho 
instrument is put togetner. 
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pcwticmBof the tube lure theu joined tpgeth^, 
and it will be fowid that in the centre l^ere is a 
iraoanoy. This is where the pistons and the piston 
work is to go. The joints are made with fine silver 
solder, mn in very neatly. When the joint has set 
the excess of solder is carefully removed with a 
scraper, and the edges polished neatly, till it is diffi- 
cult to detect the solder in the join. 

The principle upon which the pistons, act is 
simply the diversion of the column of air from 
one track to another. In ordinary instruments 
the pipes connected with the pistons , are truly 
oylinwcal, and this makes some of the high notes 
(ufficult to obtain. A firm of instrument makers 
have, however, recently invented a method of 
mak^ the pistons and leads from one piston to 
the otW conical, so that the taper is nreserved 
throughout the entire instrument. The leads are 
the portions of curved tubing which the de^nression 
of the piston adds to the length of the total tube, and 
so lowers the pitch. 

The pistons consist of a cylinder of metal, having 
inside it a metal plug, which is maintained at the top 
of the cylinder by a spring. On demessine the key 
the plug Is pushed clown. The plug is bored at ^ 
various points to form channels for the air. The 
borings have to be lined with pieces of tube, neatly 
solde^ in, and the ownings must exactly fit the 
holes in the cylinder where the tubes of the instru- 
ment or of the leads are joined. 

Tuning Slides* However accuratelv an in- 
strument may be built, it is impossible to be quite 
certain that, when .finished,, it shall be exactly of 
one pitch, and so some means must be devised by 
which it can subsequently be regulated. Further- 
more, as there are slight variations in pitch between 
even first-class orohesiras, the plajrer must be able 
to bring his instrument into complete accord with 
those playing with him. To make tms possible, one of 
the loops, generally close to the mouthpiece end, so 
that tM wind passes through it before reaching the 
pistons, is made to slide in and out of the two sections 
which it unites, instead of beiiijg; firmly fixed at the 
joints, thus enablin|( the musician to len^hen or 
shorten the tube within certain limits. Thus the 
pitch ean be raised or lowered a little. When the 
pitch is thus altered, the lengths of the tubes added 
by the pistons would be incorrect for the new pitch, 
and therefore a similar arrangement has to be made 
in the leads, so that thev, too, can be made longer 
or shorter, and so brought into proper proportion to 
the entire tube lengw of the instrument. The 
simple sliding tube has been found the most 
efficient method of arranging the tuning of brass 
instruments, and is in general use, but it must be 
mentionisd that various oomplioations of it are to 
be found in strictly fanoy instruments made by 
some manufacturers, who seem to rejoice in elaborate 
mechanism. 

The Key Valwe. One modification, how- 
ever, must be mentioned, because of its general 
utility. While effecting the tuning of the instru- 
ment in the ordinary maimer, by means of. the 
common tuning slides, it> is ofte advisable to 
be able to change the entire key of the instrument 
rspidly. This can be effects by means of a 
valve which adds sufficient- length to the tube 
to lower the pitch a semrtone or a tone, as may be 
^ired. Theteadsof the piston work are then fitted 
with stops^ which enable them to be drawn ont the 
correct amcunt at once; without any tuning by ear. 
This extra mechanism is found to be of great 
cssistanoe to Frenoh horn '|fiayers and to comet 
exists. 


-Though the method of making curved tubes 
already given is that employed for the bulk of the 
bent work in brass instruments, yet certain curves 
are better constructed in another manner. Very 
small curved pipes, such as those between the 
fimt and second/ piston, and very large curved 
pipes, like those at the bottom bend of the 
huge brass bass instruments, are better built up 
than actually bent. This is because In the former 
case there is not sufficient material to work com* 
fortably, and oecause the curve is so aciite that 
puckering is unavoidable, and in the second case 
because of the great difficulty of properly bending 
a tube of, say, 3 in. diameter, filled with lead. 

flow a Curve im ** Built/’ The method of 
building is simple enough. For very small curves, 
such as those in the valve work of a comet, the tube 
is built in two pieces, each of which is beaten out of 
a curved piece of brass plate. The joins are down 
the outside and along the inside of the curved tube, 
so the sheet, before curving, will represent two U*8. 
The curving, or hollowing, is accomplished by beat- 
ing the metal on a piece of wood which has a groove 
cut in it of the proper curvature. Practical brass 
instrument makers nave a number of apparently 
worthless pieces of wood, with rough, worn hollows 
in them. These are the wooden blocks on which 
their most reliable work is beaten, and to the workers 
are very valuable. The two U’s, being beaten hollow 
with small hammers till the two halves fitted to- 
gether make a perfect curved tube, have clems 
out in them, and then are brazed in the same manner 
as the main tubing. The final rounding of the tube 
is effected on a curved iron. 

Joining the two Tubes* Sometimes the 
bent tubes lor the larpe brass bass instruraonts are 
built in the same fashion, but more often it is more 
economical to make them in two unequal-sized 
parts. The width of the two portions is the same, 
but one is much longer than the other. The reason 
for this is plain when we note that one piece 
forms the wnole outer half of the curve, while the 
other makes the small inner portion of the same, 
the joins being along the sides. Both these portions 
are fashioned simply by hammering on blocks of 
wood, but while the longer piece must be bent with 
the curved hollow tiimc^ towards the inner portion 
of the U, the smaller piece has its hollowed side on 
the outside of the U. Both pieces are then brazed 
together, the joints cleaned up, and the large tube 
finally brought to a perfect round by hammering 
on irons. After cleaning and polishing, it is then 
ready to take its place in the instrument. 

The Finiehing Proceee. When the pistons 
have been fitted to the instrument the finisher takes 
it in hand and solders' on the various supporting 
stays which help to keep the whole giass of tubes 
t<^ther. The outsides of the curves of large 
mstruments are reinforced with strip of braes plate 
soldered on to protect the tubing from dents, and 
neat little collars are fastened round the ends of the 
tubes into which the slides go, and at the place 
where the orOoks, Or Imigths of tube used for altering 
the pitch, are inserted Mtween the mouthpiece ana 
the main tube. Eve^ visible scrap -of solder is 
scraped and burnished away, and then the polish is 
finistied off with a strip of rag swinkled With a little 
Tripoli powder. Prior to the final polishmg, however, 
a musical expert takes the instnuuent in hand, and 
tries it, to make sure thatt it Is in tune and that there 
is ample play allowed for the tuning slides to permit 
of any reasonable diff^enoes in nitoh being oom* 
pensated for. Ji he finds that sucji is not case, 
either fresh slides have to be fitted, or some portion 
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of the tubing replaced by a lon^r or shorter bit, 
as the case may be. Generally, it is desirable that 
the slide should be a little drawn when the instru- 
ment is tuned to give its normal pitch. This makes 
it possible both to sharpen and flatten the pitch, as 
occasion may require. The tone of the instrument 
and the facility with which the harmonic notes can 
be obtained will at once tell the expert if the tubing 
is absolutely faultless. His branch of the manu- 
facture cannot be taught. Considerable natural 
talent^ a marvellously accurate musical ear, and 
long experience are absolutely necessary. 

Of the plating and engraving on musical instru- 
ments we shall not treat here, those being portions 
of the silversmith's craft [see page 5528, also 
Mstal Coating]. 

Straight « tuba Inatrumenta. Instru- 
ments of the trombone and tuba class are not 
made with conical tubes, always excepting the 
short bell length. They can be made from tube 
constructed as indicatea, or from hard drawn tube. 
The slide trombones and slide trumpets have no 
valves, but one of the U-tubes slides in and out of 
the limbs for a very long distance, and the lowering 
of the note in actu^ playing is thus effected, instead 
of by the addition of lengths of tube by means of 
the pistons. The movable portion in these instru- 
ments slides over the fixed portion, a point which 
must not be lost sight of. 

Saxophones, samisophones, and ophicleides, 
which are conical brass instruments played by 
means of holes covered with keys, have their tubes 
made in the same way as ordinary brass instruments ; 
but the holes are bored in the completed tube by 
means of an instrument similar to that which is, 
used in making wooden instruments, which are 
^ere described. 

WOOD-WIND INSTRUMENTS 

The making of wood-wind instruments is k much 
more exacting branch of the instrument-maker's 
calling than the manufacture of brass ones. The 
reason is simple. You cannot add pieces to a wooden 
tube without injuring its resonance, so from the 
first you must accurately determine the length of 
each section. Again, if a hole is wrongly bored, it 
cannot be filled up and rebored, save for purposes 
of experiment. Added to this, there is the danger 
of splitting, inherent in all wood. Greater delicacy 
of workmanship is therefore necessary if first-class 
results are to be obtained. 

The first players managed with a simple reed, 
crushed, and with a few rude holes pierced in 
it ; to-day, the choicest woods of |the world have 
to be sought if tone is required. Formerly, box- 
wood was employed in maKing wind instruments, 
but owing to its power of absorbing moisture, and 
so altering the tone of the flute or clarionet made 
of it, it is now regarded as unsuitable. Other woods, 
possessing the necessary degree of hardness, have an 
awkward knack of splitting without any apparent 
cause, and so have to be rejected, and for em prac- 
tical purposes the choice of woods is now redact to 
those we shall mention. Coous, a very hard, brown 
wood, heavier than water, and imported from the 
West Indies, is the best all-round natural wood used. 
It is suitable for making flutes, clarionets, and pic- 
colos, and is capable of giving a rich tone. It does 
not split readily, is very handsome, and not very 
treacherous to work. Rosewood is used for oboes, 
cor anglais, and bassoons. It is a little soft^ than 
coous, and not quite so heavy. It is not a very easy 
wood to work, requiring a great deal of experience if 
the best results mre to be obtained. Maple is some- 


times used for bassoons* on accbiint of its lightness, 
but it is not nearly so reliable as rosewood, and is 
not much cheaper. 

The Uee of Ebonite. The most popular 
material at present for the making of wood-wind 
instruments which are likely , to have to withstand 
rough usage, or great extremes of temperatures, is 
not a wood at all, but is a compound of indiarubber 
and sulphur, known in the musical trade as ebonite, 
and to the general public as vulcanite. The tone of 
ebonite instruments is not quite as perfect as those 
of the best quality wood, but as they are practically 
imperishable, never cracking, and not being affected 
by heat or cold, their advantages outweigh this 
slight less of quality for all ordinary work. 

The wood for instruments comes to England in 
logs, each of which weighs from J cwt. to 1 cwt. It 
is then stored away from the heat of the sun. pro- 
tected against draughts and frost, for a number of 
years, tifi it is perfectly seasoned. Wh^n the time 
comes for it to be worked up it is split into billets 
suitable for the size of the instrument to be made. 
If it were sa^ it would be much more liable to split 
in the subsequent operations, and many a defect, 
which splitting reveals, might not be discovered till 
the flute or bassoon was finished, when so much 
labour and time would have been wasted. 

Turning the Wood. After being split into 
billets the wood again lies by for a short while, and 
is then roughly turned. This preliminary turning, 
simpte as it sounds, is really a very important 
operation. The lathe used is one of the old-fashioned 
overhead pole lathes, the wood being revolved by a 
cord pass^ round it, and turning between dead 
centres. The object in using this pattern lathe is 
because it enables the turner to note any flaw in 
the wood, and by slightly shifting his centre to cut 
it out, still leaving sufficient sound wood to make a 
first-class instrument. The pole lathe also enables the 
turner to leave a raised boss on any part of the 
wooden cylinder he is working upon should he 
require to do so. In these days when metal pillars 
are used for all good keyed instruments, this is 
not a very important point, but in the making of 
low-grade* instruments^ with the keys working be- 
tween bosses, it is a most useful factor in the lathe. 

The wood having been roughed out, it is again 
examined, and if it passes muster, it is turned down 
to the extreme outside measurement of the instru- 
ment under construction, and again allowed to 
season for a short while to see if any cracks reveal 
themselves. The ends which are to fit into other 
joints are then tufned to measurement and the 
instrument in embryo is ready for boring. It must 
be remembered that in working ebonite all this 
seasoning has not to be undergone, and so the 
manufacture is a more speedy business. Contrary to 
popular ideas, the ebonite is turned and worked 
exactly like wood ; anything savouring of moulding 
would result in absolute failure. 

Baring Wood Inotrumonto. Much de- 
pends on the bore of a wooden instrument, and for a 
long time experts carried on active warfare over 
the respective merits of conical bores and cylindrical 
ones. The beet flutes nowadavs are maae with a 
cylindrical body and a slightlv conical head, the 
smallest portion of the cone being close to the cork 
which closes the upper end. This cone is said to be 
parabolic in section, but the parabola is so acute as 
to equal a cone to but a mathematic^n. Oboes 
have a'conical bore; while a sreat deal of the bore 
of Uie clarionet is cylindrioia. The bassoon is a 
perfept cone, ihou^ tne taper is very gradual indeed, 
as might be expected from its great loagth. 
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llotb oylindpoal and oonioal joints are bored 
in the same; manner — namely, by a species of 
revolving gouge mounted on a mandrel of a lathe. 
This <b:ill is exactly of the diameter 

of the inside of the instoument under construc- 
tion, and, of course, for instruments with conical 
bores, is cone-shaped. It has a cutting e<^ along 
its whole length. The billet of wood bein^ fixed 
in position, the drill is started revolving, bemg en- 
ter^ exactly in the centre of the end of the wood, 
and allowed slowly to eat its way through the entire 
section, the wood being slowly M up to it. Absolute 
accuracy is essential in this operation, and a variety 
of devices have been invented for keeping the wood 
in a dead straight line with the centre of the drill 
during the process, but the best manufacturers do 
not make use of these mechanical guides to any 
great extent. 

The great danm in boring is the splitting of the 
wood, fot it ow be easily uimerstood what a strain 
there must be on the fibrm of the wood — say, of a 
bassoon joint some 2 ft. or more in length, with a 
conical drill, every fraction of whose edge during its 
whole length is actually cutting, revolving within it. 

The “Butt.** The butt, or foot joint of 
the bassoon requires two holes bored through 
its entire length, the smaller being bored from the 
bottom to the top, and the larger from the top to 
the bottom, for the first hole is wider at the "bottom 
than at ^e top, while the larger hole is much wider 
at the top, the bottom being the same size as the 
largest diameter of the smaller hole. This is be- 
cause in the foot the doubling of the bassoon 
pipe is effected, the bell o| the bassoon, and con- 
sequently the widest part Of its bore, being above 
the performer's head. 

When the drilling is finished the inside of the 
tube is perfectly smooth ; so finely do the drills cut 
that no sandpapering or other trimming is generally 
necessary. Here it may be mentioned that some 
manufacturers believe that the less sandpaper 
is used in the making of wood-wind instruments 
the better the resulting tone. 

After the drilling, and sometimes before the 
wood is drilled, the outside is .polished up on the 
lathe in the ordinary way. The wooden ‘cylinders 
arc then laid aside, standing in racks, for about 
three or four months, and kept at an even tem- 
perature. If the boring has caused any small 
cracks they will show themselves in this time, and 
further labour need not be wasted on the wood. 
This additional period of seasoning is also necessary 
to enable the internal portion of the wood to get 
thoroughly accustomed to the action of the air. 

The Boringe. Up to this x>oint the cylin- 
ders, or conical tubes, have been made exactly to a 
fixed scale of measurements, these measurements 
differing according to the instruments under 
construction and the peculiarities of the individual 
maker. Consequently, as they all are of similar 
lengths, they would all give the same note, since the 
bores are the same. It follows, therefore, that if the 
holes are correctly placed cm one of these pieces 
of wood, to give tne proper notes, then if the holes 
on the others are placed in the same positions, 
all will give the same scale, with the same degree 
of accuracy, allowing for very minute alterations. 
Keoognising this, first-class makers have adopted 
a machine which enables them to exactly copy any 
set of boringB on any flute. 

This piece of apparatus works in this way. 
Between two clutches the model is fixed, and, 
exactly parallel to it, and about three inches 
below it, the cylinder to be bored is also seonred 
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by screw clamps. Travelling along a rod, parallel 
to the model and object is a small drilling lathe 
driven by a cord from some overhead source of 
power. The block carrying the drilling tool can 
oe advanced in a straight line at right a^les to the 
model, and towards it. The cutting driU, selected 
acording to the size of, the hole, and revolving' 
at a hi^ speed, is on the face of this block exactly 
opposite the centre of the object wood. Above it, 
and of exactly the same length as the drill, is a plain, 
round steel rod. The size of this varies exactly 
as that of the drill. This steel rod acts as a 
guide and a check at the same time. The cutter 
beneath it can only advance just as much as this 
rod advances, and is bound to move strictly parallel 
to it. The model and tbe wooden tube beneath 
it are so mounted that if the model is revolved on 
its long axis through a certain number of degrees 
the wooden tube moves at exactly the same rate 
through exactly the same number of degrees; 
whatever is done to the model is copied faithfully 
by or on the object wood. 

Cutting the Holes. The body tube of, 
say, a first-class flute which is perfectly tuned 
is selected as a model for fiute bodies. All the 
keys are stripped off, leaving just the tube and 
holes, including even the small holes into which 
the key pillars fit. This is placed in the upper port 
of the machine, and in the lower is plao^ one of 
our seasoned cylinders of wood, which we propose 
to bore, and so transform into the body of a good 
fiute. 

A cutter and steel touch are selected of exactly 
the size of the large boles on the model. The touch 
is put into the upper part of the travelling lathe, 
ana the cutter fixed to the lower spindle. The 
power is then turned on and the cutter, or drill, 
oegins to revolve. The steel touch is now brought 
opposite to the first hole on the model, and intro- 
duced into it gently, the cutter beneath forcing its 
way into the wood of the copy to just the depth 
that the touch passes into the m^el. The hole is thus 
neatly and rapidly bored, and as far as position is 
concerned it is exactly the same as the .first hole 
in the model, which is known to be correct. The 
other large holes are bored in the same manner. 
Then the power is turned off, and the cutter changed, 
as well as the touch, to suit the smaller key holes 
on the modeL As the model is turned to bring 
these exactly opposite the touch, the copy follows 
it, and so the holes are again placed in their correct 
X>ositions. 

Preparing the Beds. Now, if you examine 
the holes of a good flute — that is, one with all 
holes covered, for uncovered holes do not require 
beds — you wrill notice that round the top of each 
hole the wood is sunk a little, and a still deeper 
groove, vith a convex surface, leads from the extreme 
rim of the sunk portion up to the fiat bed on which 
the pad of the key presses. To make these beds, a 
circular cutter with a concave surface is placed on the 
lower machine, and a touch corres^nding to the 
entire surface of the bed put on the upper guide 
holder ; or a plain large touch is placed on the upper 
machine holder, the depth of this particular groove 
being gauged by eye. The travelling lathe is then 
advanced, and the cutter follows, cutting a ring 
round the first holes, but the ring has a welT-definea 
convex surface, since the cutter has a concave 
surface. When all these rings have been prepared, 
the flat beds are out in much the seme manner, 
only the cutter has a perfectly flat surface which 
just takes off the crest of the convex rim already 
out. Thus neat, level beds are made, which will- 
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enable the pads of the keys to bite ’’ nicely, and flute, or oboe, or bassoon, or whatever It may be, 
st<m the holes accurately. 'is passed to the expisrt, who deciderwhether the 

For other instruments the process is exactly the instrument is truly In time throughout and perfect 

same. Wherever the touch goes^ the cutter faith- in every respect If he l^ds one or two notes a 

fully follows, only it cuts its own ^th in the copy, little faulty, he gives ^truotiims for their adjust- 

The slanting holes in the win^ |oint and the butt ment, either by removing a little wood from the 
of a bassoon can be cut with iak ingenious machine, bore of the tube at oertain s^ts, or by altering the 

for the travelling lathe oan then w inade to move hole a fraction. If more than eliglit, but at the 

in an oblique d&eotion to the axis of the modd, same time important, alterations are necessary, the 

and consequently to out oblique holes in the copy. It best makers reject the instrument as unworthy 

is obvious, too, that by replacing the revolving cutter to bear their name — and it would be well for the 

by a fixed chisel, and permitting the copy to re- wmid of music if everybody did the same, 

volve, as well as the model, between centres, any Fitttof the Parte Toeether. Some- 

inequality on the model could be reproduced on the times it may happen that while the individual 

copy, were it worth the trouble. joints of a wooden instrument are perfect, they 

Tips, Rings, and Jointa According to the do not work well together, and then the labour 

practice of the manufactiurer the end rings, and is not lost, as the p^ts can be built up in other 

joints of cork and linings are placed in the tubes instruments. The cause of this curious disagree- 

either before the holes are druled or afterwards. ment is not understood, for it has been known to 

The wood is turned aoemutely to fit the rings, which occur when every part of a particular instrument 

are gently forced on, great care be^ exercised ndt has been built from the same log of wood, and from 

to split the wood, or to skain St. Ibere Ss nothing actually adjoining portionB. To make a good 

special in this branch of the trade, neat and accurate examiner of wood- wind instruments, the artist must 

fitting being the sole essentiaL Where a flute head have a good theoretical and practical knowledge of 

is lined, the metal tube is also inserted at this stage, the laws of sound, and must add to this a wide 

The pillars and rods and levers which go to experience. It is a position only attained after 

make up the mechanism of the key action on wood- years of close acquaintance with this class of 

wind instruments are made either of silver or instrument. The oboe, oor anglais, and bassoon 

(lerman silver. Their construction forms a neat are m^e in strict tune with the recognised concert 

branch of sAversmith’s work. The pans to hold pitch, and are incapable of alteration. The clarionet 

the pads are stamped in a die press out of the can be flattened a little by very slightly drawing 

metal sheet ; the shanks and rods are fashioned out the head joint. The flute is best made so as to 

out of silver or metal rods, or stout wire. The be up to concert pitch when the head is drawn out 

various component parts are joined toother with on the tuning slide about a couple of millimetres, 

fine silver solder, and polished and burnished up. The In the opinion of some people, the flute can be 

pads are of stuffing, covered with the finest skin. flattened a good deal ; but, as a matter of fact, 

They are fixed in their pans either by a central it bears flattening very badly, for it stands to reason 

screw, with a washer, or by means of cement. that if the holes ore properlv placed for one position 

Finishing. The bored tube of the instrument, the slide, they must be wrong for all other 
with a supply of pads, levers and other mechanism positions. 

is now handed over to a finisher, who proceeds to Repairing Wind Instruments. The 

buAd up the instrument. Where the pAlars are repairs to brass instruments are few in number and, 

attached directly to the wood, the finisher has to in the majority of cases, of a very simple nature, 

tap a fine screw thread in each of the pillar holes The pistons may get out of order — and their adjust- 

in the tube, and screw in tho pillars. When the ment is only a matter of a few minutes for the man 

bulk of the mechanism is on a long plate, this has whomadethem— or the tube may get badly battered, 

to be screwed down on to the side of the tube. To Very often a battered tube can be restored to a 

the plate the piUars have been previously riveted. playable condition without resulting loss of tone 

The finisher then puts in the keys and levers in oy removing tho section from the instrument and 

regular order, depending 3>on the model of the in- shaping it again on the irons. Oocasionally tho 

strument he is making. The little needle springs he job may be bettor and more economically done by 

inserts in the holes in we pillars with pliers, and tests fitting in an entirely new piece of tube of the proper 

them to see that they are not too strong, and yet calibre and thickn^. Anything which savours of 

sufficiently firm to close the holes tightly. This ** soldering up a crack” is *‘bot^ng” of the worst 

sounds as if it were a rapid job, but, as a matter of description, and cannot be called trae repairing, 

fact, it is very long and tedious, for no mechanical WoM-wmd instruments suffer from one great 
assistance can be given, and the whole of the ad- ailment — ^namely, cracking, a fault which ebonite 

justing has to be done by hand, with the greatest instruments are free from. Oracki^ if not very 

patience. It is one long task of filing and scraping, bad, can often be stopped with composition very 

a little here and a little there, till each of the keys neatly, and no great loss of tone results. The 

works perfectly by itself, and also works properly famous flute player, Ciardi, played on an instru- 

in conjunction with others if Intended to do so. ment with a terrible crack right down the head 

The finisher must be an instrumentalist, at least joint, yet his tone was as near perfection as has yet 

in as far as ability to play scales in every key on tho been attained, always exoepti^ that produced by 

instruments committed to h!s care is concerned ; Kioholson. Befects in the mechanism of the keys 

he should be gifted with a fine ear and a fine are also freouently met with, being caused by a 

perception of tone. blow or a fall These can either be rectified by the 

When he has accurately fitted up ths instrument, finisher, or may necessitate a new key being made 

and tried it, being satisfied that the mechanical for the instrument Sometimes valuable instru- 

requirements are duly fulfilled, then the finished meats are accidentally damaged beyond repair. 

Continii/ed 
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LrOGARITHMS—continued 

81. The decimal part of a logarithm is called 
the mantissa: the integral part is called the 
characteristic. 

The logarithms of two numbers which have the 
same digits in the same order (i.c., they differ 
only in the position of the decimal point) have the 
same mantissa. 

For example, let the numbers be 147*2 and 
•01472. Then 

147*2 = 01472 xlO^ 

V. log 147*2 = log *01472 + 4 log 10 
= log *01472 + 4. 

Hence, by keeping the mantissa always posi- 
tive, the logarithms of numbers expressed by 
the same digits will only differ in the character- 
istic. Now, the characteristic of the logarithm 
of a given number can always be obtained by 
inspection. From Article 80 it is e^denb that 
(i.) The characteristic of the logarithm of a 
number greater than 1 is one less 
than the number of integml figures 
in the number. Thus, characteristic 
of log 649*287 is 2, since there are 
three figures in the integral part, 549, 
of the number. 

(ii.) The characteristic of the logarithm of a 
number less than 1 is negative, and is 
one more than the number of noughts 
between the decimal point and the first 
significant figure. The characteristic 
of log *000582 is - 4. 

In order to denote that only the characteristic 
is negative, and the mantissa positive, the nega- 
tive sign is written over the characteristic, and 
not before it. Thus, if the logarithm of a number 
is -2+ *8257143, it is written 2*8257143. 

Since the characteristic is found by inspec- 
tion, the mantissa only is printed in the book 
of logarithms. For example, ojmosite the 
number 59082 we find 7714552. This means 
that 7714552 is the decimal part of the logarithm 
of any number which consists of the digits 59082 
in that order. Thus, log 5908*2 = 3*7714562 ; 
or log *059082= 2*7714652. 

82. Books of logarithms vary in detail, but 
all of them contain instructions for using their 
contents. In Chambers* Mathematical Tables, 
mentioned in Part 44, the use of the tables is 
explained by many worked examples, which the 

AfnHATlf. will Tin /liflfimilfv in iin/9orfifAn<)inrr 

Rule of Proportional Differences. The tables 
give the logarithms of numbers from 1 to 
100,000, i.e., number of five figures. The 
above rule enables us to find, by means of 
the tables, the logarithms of numbers having 
six or seven figures. 


The rule is that when the differences between 
three numbers are small compared with the 
numtters these differences arre proportional to the 
coirespondnig differences between the logarithms 
of the number's. 

Example. Find log 33661 *4, having given that 
log 33661 =4*6269980 and log 33652=4*5270109. 

Let log 33651*4 = 4*5269980+ d. 

Then, we have three numbers : 33651, 33651*4, 
33652. The differences between the first and 
second and between the second and third are 
‘4 and 1. Again, we have three logarithms 
corresponding to the numbers, viz. : 

, 4*5269980, 4*6269980+ d, 4*5270109. 

The corresponding differences are d and 
•0000129, and they are in proportion, so that 
d _ *4 
*0000129 1’ 

whence d = *0000052 (to seven places). 

log 3t^51*4 = 4*5269980+ *0000052 
= 4*6270032. 

88. The logarithms of the ratios of all angles 
from 0° to 90® have also been tabulated. Sines 
and cosines are less than 1, and so also are 
tangents of angles between 0° and 46®. The 
logarithms of these ratios will therefore have 
negative characteristics. 

To avoid printing these negatives, the number 
10 is added to each logarithm. The result is 
called the tabular logarithm of the sine, cosine, 
etc., and is indicated by the letter L. Thus, in 
the tables we find L tan 35® 4'= 9 8463018, so 
that log tan 35® 4' = 9 *8463018 - 10 = I 8463018. 

The rule of proportional difierences is applied 
in the same way as in the case of numbers, so 
that from the logarithms of tan 35® 14' and 
tan 35° 15' we can find log tan 35° 14' 25", say. 

Sides and Angles of a Triangle 

84. In a triangle ABC, the letters A, B, C 
are used to denote the number of degrees in 
the angles at the points A, B, C respectively ; 
so that “sin A” means “sine of the angle at 
A.** The letters a, 6, c, denote the lengths of 
the sides BO, CA, AB, i.e., the sides opposite 
respectively to the points A, B, C. 

86. To prove that cos A = « 

2bc 

Since a A has at least two acute angles, one 
of the angles B, C, must be acute. Let B be 
acute. Draw CD J. to BA or BA produced. 
In the three cases, where A is acute, obtuse, or 
a right angle, we have 


c c c 
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(1) CA*4* AB*-2 BA . DA (Prop, i 

or, = 6® -H c*? — 2c , D A. 


But 


DA 

AC" 


cos A, so that DA = h cos A. 


A V’ -f — c 
= 


! Jt^ 4- ^3 ^ Q7k/* t*nti A 

(2) BC2 == CA* + AB-’ + 2BA . AD {Prop. 70) ; 

or, o* = 6^ + + 2bc cos DAC. 

But cos DAC = cos (180° — A) = - cos A* 
ai=h^-ir c**- 26c cos A. 

(3) BC2= CA»+ AB2. 

/. = 6^ 4- — 26c cos A, 

since cos A = cos 90° = 0. 

Henco, in all three cases we have 
6^+ a? 

26c' 

Similarly, 

c^+o'J-62 

, cos L- = , - - - 

2oo 2a6 

86. Let o 4- 6 4- c — 2s. 

Then 64-c-a= 64-c4-o~2a= 2s-2a = 2(s— a)* 
Similarly, c 4- a - 6 = 2(s - 6), 
and a 4- 6 - c = 2(s- c). 

87. To jYTove that 

. A_ /(,-bW-c) 

”"¥“V — » 

A _ ^s (.s - 


cos B = ^ 


and 


-a) 


2 


hr. 


We have 2 sin^ A = l - cos A [Aii. 26' 
s= 1 — ^ ^ 26c — b'^ - c‘* 4 - o- 

= aM6 ■ - 2lc) ^ aa-^-c )3 

26c 26c 

s= 

2^ 26j * 

«i„4= . /kf^pEr) 

2 > he 

Also, 

2 cos® A = 1 4- cos A = 1 4- 

* 26c 

_ 26c 4- 6- 4- c® - o® __ (6 4- — 

26c 26'! 

^ (6 4- c 4- a) (6 -h c - a) _ 2s . 2(« -a) 
26c 26c 


A _ //i (s 

2 " i 


o) 


2 V 6c ' 

Similarly, 

88. From the last article we have 


UnA=. 


A 


^•^-6) ( s-c) 
(s - o) 


B C 

Similarly for tan A and tan 


89. Since sm A : 


“"4 


Tlie expression (« — n) (« - 6)(« - c) is usually 


denoted by S. 
same way we got 


sin A . 

a 


28 


Hence, — =-r— 
a o6c 

sin B _ ^ c= ^ 

6 abo c * 

Therefore, in any Man^ 

sin A ^ sin ft _ sin C 
a 6 c 

B^C ^ 6~c 
*64- c 

sin C . 6 
c ' * ’ c 

h-^c_ 

64-c 

2 sin 


In the 


40. To pi'ore that tan — ^ — ~ . cot 

* 0> #1 4- 


A 

f * * 


Since 

0 


sii^B 
sin C’ 


sin B - sin C 
1 -f sin 
B-C 


.. J [Algebra, Art. 189] 

sin B 4- sin C 


2 sin 


B 4-C 


oos— g— ten-— 


B+0 


But 


A+B+C 


.'.ten 


B 


±0.,.„( 


or. 


and tan ' 


tan 


^ 6-c 

•6+i = 
B-C_ 


90“ 

tan 


- 2 i£ 

= 9Q°. 

A 


tan 


4 )= 

B~C 

2 


cot - 


cot A 


2 

5 . cot —r • 

64-C 2 

Similar formulae can be proved for tan 

A-B 

2 ’ 

41. By the aid of the formulre in Articles 85 
to 40 we can solve a triangle when we are 

? ;iven three of its parts, one of the given parts 
>eing a side. These formulie are therefore 
very important. 

Solution of Triangles 
42. There are four cases. 

(1) Given the three sides. 

(2) Given one side and two angles. 

(3) Given two sides and the included angle. 

(4) Given two sides and the angle opposite 
one of them. 

48. Given the three sides a, 6, c. 

From any of the formulae of Articles 87 and 
88, we can calculate two angles, say A and B. 
The third angle is 180° -A-B. 

For logarithmic computation these formuhe 

are adapted as follows : 

A _ /(« - 8 ) (« - c) 


2 ’ 


tan 


/. log tan . 


2 V ■*(«-«) 

L ten A - 10 


cos A [Art. 26]. 
2 


Continued 


^ J{log log(*-c)-log«-ldg(*-o)}. 
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CNGINEERING is more important abroad, for, 
apart from the question that the area of construc- 
tion in Europe is . largely closed, the magnitude of 
operations at home have never been, as a rule, on 
anything like the scale of those abroad, either com- 
pleted, in progress, or projected, for examples of which 
we have only to thi^ of such works as the Suez 
Canal, the Hawkesbury Bridge in Australia, with 
its foundations 160 ft. below water, the deepest 
ever reached ; the Zambesi bridge, with its bold 
span of 600 ft. thrown over a chasm of nearly the 
same depth ; and the Coolgardie water supply 
scheme in West Australia, in which the water is 
pumped about 1,700 ft. high through pipes extending 
from the source, near the sea at Perth, to the 
goldfields 361 miles far inland. 

Climate. One of the most potent causes of 
difference in the engineering conditions at home 
and abroad is that due to climate. In moist, hot 
countries, like those near the coasts of West Africa. 
Natal, India, North Queensland, and other tropical 
and even sub- tropical regions, the decay of materials, 
especially ordinary timber, is rapid, and must 
be iirovided against by the use of special classes of 
timber, or by the substitution of stone or metal 
in works where wood, otherwise, would be better 
adapted. Heat also saps the energies of the work- 
man — European or native. In India, during the 
prevalence of the monsoon rains, work and surveys 
have often to be suspended for lengthened periods, 
and the same happens in Canada during the extreme 
frosts and cold of winter. 

Even as regards daily hours of work, climate is 
a factor. Near the Equator it is always implcasant, 
and sometimes dangerous, for a European to be out 
of doors in the middle of the day, and even natives, 
at certain seasons, start work earlier and leave 
off later, to allow of a prolonged mid-day siesta y 
and work is often done by moonlight in such cases. 

Heat and Design. Heat also affects design : 
for instance, hesitation to employ underground rail- 
ways in Australian cities, or long tunnels through 
its hills, or those of similar regions, is due to 
the foot that engine-drivers and guards run 
considerable risks from the heat, accompanied by 
noxious gases, while going through ; while obviously 
in sewerage schemes, the temperature has to be 
taken into consideration. On the other hand, snow 
sheds have to be provided at certain points in 
Canada to protect railways and other communi- 
cations from obstruction in winter. 

In some districts, more especially inland in Aus- 
tralia, parts of the Cape, and in the Argentine, 
want of “^ater occasionally occurs for prolonged 
periods, and the engineer and his helpers some- 
times have to go through gi*eat personal suffering. 
Tl^ere are numerous districts where the water sup- 
plies are as much as 60 to 60 miles apart, and gieat 
cost is incurred in keeping even a small party sup- 
plied. Works and surveys in some cases have had 
to be temporarily stopj^d for this reason. 

Health. Again, mimate has much to do with 
the health of the engineer abroad, exposed as he 
h to its vicissitudes more than are most followers 


of other associationH, but in nearly all the warmer 
climates with which we ore dealing, there are high- 
lands with exquisite climates, easy of access, where 
temporary refuge from the heat and lassitude of 
the lower levefi can be had. In New Zealand, 
Tasmania, and many parts of Australia, South 
America, and South Africa, ideal climates exist, 
superior in many respects to our own, and, in most 
parts of the world, with youth, a good constitution 
and temperate habits, and the open-air life, the 
engineer can reckon on a fairly healthy life. 

Labour. In the outlying lands, labour, one 
of the great means of engineering construction 
in any county, varies in character, not only from 
tfcat of the British Isles, but from that of any 
other. Variety of labour is to a great extent 
due to climatic conditions. And first as to 
quantity. In India we have thousands of avail- 
able hands, almost in every district, not only 
amply furnishing the unskilled labour, but all 
the artisans and clerks, and even the foremen and 
assistant engineers required, and in the case of the 
first-named, there is double the corresponding force 
in other lands, for women, as well as men, are 
found doing navvy as well as other work. On the 
other hand, in Australasia and Canada, there is a 
comparatively limited supply of white labour, and 
in these, as contrasted with India, we find the 
extremes of high and low wages. 

Intermediate to these two extremes of India and 
Australia are the eases of South Africa, the West 
Indies, and numeA’Ous other places where coloured 
labour is used chiefly or only for unskilled work, 
the higher classes, at all events, of artisans’ work 
being done by the whites, while in thoee parts which 
are largely dependent on Chinese labour, such as 
in the Straits Settlements and British Columbia, 
good skilled labour can be found among its ranks. 

Quality of Labour. But we have to deal 
with quality as well as quantity of labour, and by 
quality it must not be understood that mere indi- 
vidual effectiveness in strength or skill is meant. 
If so, the Englishman by birth or descent would 
generally take a top place. It is the all-roimd value 
to the engineer for his purpose which is in question, 
taking not only physical strength and skill into 
consideration, but wages paid, trustworthiness, in- 
tclligOMce, manageability, endurance and sobriety, 
in many of which respects it must be allow^ 
that other races stand higher. In the last-named 
quality the Indian coolie is pre-eminent, and not 
only actually, but in proportion to amount of 
work done, accepts perhaps the lowest reward of 
all mankind for manual labour. Economists state 
that the rate of wages for unskilled labour may bo 
divided into two classes — namely, first, the market 
rate, which is that which prevails in the more 
wealthy communities, and is mainly infiuenoed by 
the law of supply and demand; and secondly, 
the natural rate, where these laws find their limit, 
and which represents — Living regard to the prices 
of commodities — the lowest means of sustenance 
for the workman and nis dependants. It is obvious 
that no supply of labour, however great, can 
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bring wages below this point, tM, should they be 
lower, the labourer would starve, and the work 
would end. The labouring classes lof India and 
some other populous tropical countries are, to a 
great extent, living on natural wages, hence ijie eco- 
nomical advantage, leaving other considerations 
aside, of their em^oyinent'. Thus there is, in India 
especially, the disinclination of the native to leave 
his village, and follow the demand for labour, and 
the absence of any desire to be richer than his 
forefathers or neighbours. Moreover, his domestic 
requirements are so few that the women are, as 
already stated, as numerously employed as the 
men, and this again tends to lower rates, the latter 
being direct producers 

Oriental ]u«abour« As a rule, the coloured man 
is nervous about taking risks, the competitive spirit in 
the face of them being absent, so that, though small 
contracts are not infrequently taken by them, for- 
t lines are seldom made. Whether it be by day work 
or piece work, the rates are so low that methods of 
work, and even designs, differ largely from European 
standards, as we shall see later. Indian native 
masons, bricklayers, carpenters, blacksmiUis, etc., 
cio quite half as much work as Europeans, for a 
fourth or fifth of their wages ; while an ordinary 
labourer at earthwork will do a quarter of the work 
of an E^lish navvy at a seventh or an eighth of his 
wage. %crc are exceptions to .this, however, in 
.*4ucli heavy work as railway platelaying and the 
like, when it is inconvenient to crowd a sufficient 
number of hands so as to make up for want of 
individual strength in each of them. On the con- 
struction of the Canadian Pacific Railway, for 
instance, by white labour, as compared with that 
of an Indian line, about the same time, the same 
rate of progress was made in laying and lining up 
the rails, m the one case, bv one-eighth of the 
number of workmen employed in the other, their 
wages bearing, inversely, about the same proportion. 

Generally speaking, the men on whom the civil 
engineer in India, Ceylon, and Burmah has to rely 
are steady, easily controllable, law-abiding, and, 
to the limits of their strength, which is not great, 
hardworking. 

Similar, in manj’^ respects, but more powerful in 
physique, and readier to tak? up the risks of contract 
work, are the Chinamen, who are numerous in the 
Straits Settlements, in Canada, west of the Rocky 
Mountains, and in Chili and Peru. They make 
excellent artisans, and working long hours at low 
wages, and being orderly and tr^tworthy, they form 
about the best material for his purpose that the 
engineer abroad can find. As to contracts and 
piece work, the Chinaman knows better than most 
men how to make a hard bargain ; but once made, 
lie can bo trusted to carry it out loyally to the end, 
l>e it ever so bitter. * " ^ 

African and American Labour. 

I’ho coloured races of South Africa, and those of 
the central and western parts, and the descendants 
of the latter in the West Indies, are physically much 
more vigorous than those of India generally, but 
they are impatient of continuous exertion, lazier, 
nnd frequently less manageable. Kaffirs save a few 
])ounds on works, and are off generally without 
notice, sacrificing all pay due, wiwi a few mats and 
pots, constituting their entire belongings; then, 
after having arranged for the purchase of a few cows» 
and })erha))8 sold, a daughter or two, will turn up 
again for another short period of work. While the 
comparatively feeble Hindoo works steadily to the 
limits of his strength, and is easily controlled by his 
native ruaiiitry, or ganger, the ablc-b^ied Kaffir of 
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South Africa, and the negro of the' West Indies, 
require more or less forcibfe persuasion of the white 
foreman to utilise to the full their robust strength. 
Owing to this, Natal is obli^. In order to develop 
her resources, to import Intuan coolies, though it is 
fully peopled by ICafilrs and Zulus, the latter 
especially being physically one of the finest of the 
coloured races. C^lies are also imported into 
Mauritius and Tasmania. The negroes of the West 
Coast and in the West Indies can oe taught trades, 
and do fairly well for skiUed labour, but the South 
African native, as a rule, is good only for ordinary 
labour ; the Malays, however, of which there are 
many in the Cape, make fair artisans, though they 
do not generally go inland, fish being their favourite 
diet. In Mexico and Central and South America, the 
full or half-blooded Indian races supply an able- 
bodied and generally satisfactory class of workmen, 
skilled and unskilled, when led by white foremen 
and inspectors. 

The Italian workmen are fotmd largely in the 
Argentine and other South American S^tes, and, 
especially those from North Italy, are splendid 
workers, sober, thrifty, and intelligent. They are 
specially good at quarry and mason work. The 
workmen of Northern European race in Australasia, 
South Africa, or Canada, are much the same as 
those at home, except as affected by their generally 
much higher wages, whioh sometimes induce 
iiAprovidence and gambling. 

Speaking generally, the mack and yellow races are 
very temperate in their habits, comparing favour- 
ably in this respect with the white man, some of 
whom drink heavily when the monthly pay day 
enables them to do so. 

In this general summary of the description of 
labour with which the expatriated British engineer 
may possibly have to deal it may be noticed that 
the tJapanese are omitted. Until very recently, 
this could not have been properly done, as English 
engineers wore frequently employed in public works 
there of all kinds. But not the least wonderful of 
the many strides forward recently made bv this 
remarkable race is the acquisition by many of them 
of the ]^ceful art of the civil engineer, so that, 
jnractic^ly, the European practitioner has been 
shut out. 

Cost of Labour. Obviously, wages are depen- 
dent on the varying data of demand and supply, cost 
and standard of living, and quality, so that no more 
than a ^neral idea of the rates prevailing can be 
given. To begin with the lowest. In most parts 
of India, the men work for 6d., and the women for 
3d. a day ; while in Ceylon rates are somewhat 
higher, ^e West African natives work for 7d. 
to 9d. ; Kaffirs in South Africa for Is. to Is. fid. ; 
and the half-breeds called Cape boys, whose work, 
language, clothes, and generm standard of living 
approach that of the European, can earn more than 
double as much. The wages of Mexican and South 
American natives range horn Is. fid. to 3 b., while 
Chinamen’s w^es vary much according to the 
country in whicn they are working. Workmen of 
European birth or descent can usually earn from 
4s. up to 8s. in countries abroad cool enough for the 
exercise of their labour. The foregoin|[ rates are 
for unskilled work* The wages of artisans range 
from 60 per cent, to 100 per cent. more. 

The economical result of work done, taking into 
consideration the mere oonstituent of mimual labour, 
is, as a rule, much in favour of that done for the 
loweg* wage—that is to say, though less work is done 
for this lower wage, it is not less In the same pro- 
portion, for, as has been previously shown, the 
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wages are less wasted in their spending, more of the 
results being returned in work. 

PolUlcal Syatema and Trade Union- 

lam. The privimges and restrictions resulting from 
these among white workers abroad are powerful in- 
fluences on the conduct of engineeijpg construction. 
They are practically unknown, as affecting work, 
among the coloured races, though Chinamen are be- 
ginning to use strikes occasionally as a means of 
raising wages. In Australasia these influences are 
perhaps more powerful than elsewhere. Arbitration 
courts are established in man v states of the Common- 
wealth, the intention of which is entirely well meant, 
as endeavouring to prevent strikes and lock-outs, to 
the benefit of tno employers and men, and, to some 
extent, this has been achieved. But, generally, the 
existence of these courts is not favourable to the 
economical construction of work. 

Animal Labour • As regards the use of 
domestic animals in engineering construction, the 
only one used in the United Kingdom is the horse. 

Abroad, not only is the horse employed in a 
greater degree, but a variety of other quadrupeds 
are used, and as the engineer has constantly to 
deal with them it is necessary that their habits 
and uses should be fully explained. In India, the 
horse is used only for riding and driving, generally 
the former on inspection work. 

The bullock, and less frequently the tamed buf- 
falo, do all the heavy work in the south of India, while 
in the north, this" is shared by the elephant and the 
camel The great intelligence of the elephant is gene- 
rally utilised in engineering practice ; for instance, 
after a few lessons, he can to trusted, without further 
guidance, to carry water pipes in his trunk, and lay 
them end for end, the spigot of one next to the 
faucet of its neighbour, ready for joining, alongside 
of the trench for which they are intended. Ele- 
phants will also roll over large stones, and lift 
them into tiers, ready for setting by the masons. 
They are intelligent enough to understand the 
rights of labour, and nothing will persuade one 
to work after the signal is given for the dinner hour, 
or for knocking-off time. These animals are also 
used for draught, specially built lam waggons 
being constructed for the purpose, mt only are 
their brain and muscular powers thus exercised, but 
the weight of their bodies is taken advantago 
of, for walking over newlv-made earthwork, and 
consolidating it, as efficiently as bv a steam roller. 

Camels are also much us^ as beasts of burden, 
and it is almost incredible the amount of loading 
they can carry slung over the back. For instance, 
in the transport of merchandise, it is not unusual 
to load two pianos in their cases, one on each flank 
of one of those much-enduring animals. In Australia, 
horses and oxen are used for team work, and the 
former for riding and driving. Light four-wheeled 
vehicles, called buggies, are employed, sometimes 
with one, generally with a pair, and occasionally 
with four horses. Practically, there are no ponies, 
mules, or donkeys, to be found in Australia. A few 
camels, with their Afghan drivers, have been im- 
ported for service in the dry inland coimtry. 

In South Africa we find teams of horses, of mules, 
but more frequently of oxen, sometimes twenty-four 
of the latter in one waggon. The mules are mostly 
imported from Monte Video, an(L though not so 
powerful as horses, are much hardier, eating fodder 
which a horse would refuse, and standing drought 
much better. They are also free from horse sick- 
ness, which is endemic at the Cape. Mules are 
inferior to oxen in one respect, that, when struggling 
with a load, they easily lose heart, where oxen. 


through sheer stupidity, go on putting their whole 
strength into their task, never thinking of any possi- 
bility of failure. 

Natural Productiona. These stand pro- 
minently forward when we consider the facilities 
or otherwise in any country for engineering con- 
struction. We fina that in most of the countries 
with which we are dealing these are quite as plenti- 
ful as at home, and in some cases, especially as 
regards timber, hiuch more so. Every description 
of building stone, and material for bricks and tiles, 
abound, and are lar^ly made use of. A peculiar 
kind of stone, called toferile, which is unknown at 
home, is much used in India and Ceylon. When 
first extricated, it is a flaky ferruginous sandy clay, 
of a red colour, rather friable and soft, so that it 
can be easily cut into brick form, but it hardens 
on exposure. The extensive employment of stone 
and brick is more usual in the cheap labour countries, 
as the use of these imply considerable skilled 
manual work. Timber, as a substitute for these, 
for the contrary reason, is preferred where skilled 
labour is expensive, and more especially where, 
as in Australia, the hard woods are exceptionally 
"strong and durable. In India, few timbers are 
immune from the effects of the climate and white 
ants, but deodar or cedar, blackwood, sal, iron wood, 
satinwood, and teak, are used, and even, hard as they 
are, in joinery work, the cheap labour allowing 
much time to be spent on it. The Australian hard 
woods are all very close grained and heavy, weighing 
up to 80 lb. per cubic foot, nearly twice as much as 
most English species. There are hundreds of varie- 
ties, but the most known and used are ironbark, 
box, tallow-wood, blackbutt, red and blue gum, 
^mahogany, and turpentine, and in Western Austra- 
lia, turrah and karri. Turpentine is proof against 
the Teredo Navalis, or seaworm. These are often 
used without seasoning of any kind, and as railway 
sleepers and in bridgework, have been found per- 
fectly sound after thirty to forty years’ use. Very 
little labour is expended on these timbers, as they 
are only roughly hewn to the dimensions required, 
for most classes of engineering construction, and, 
the forests being very widely distributed all over 
the continent, the supply is never very far flora 
the seat of demand. 

Native Timber. Australian timber is largely 
exported. South Africa is differently circumstanced, 
for the forests there are more or less isolated and, 
from the want of railway communicaticn, a want 
which is decreasinff yearly, it often pays better to im- 
port timber from the Baltic and Australia than to use 
the homo produce. Where accessible, however, good 
timber is plentiful, such as yellow wood, ironwood, 
assegai, milkwood, sneezewood, and stinkwood. The 
latt^, it may be said, derives its name from its pleas- 
ing odour, the prefix in Dutch not having lost, ns in 
our allied tongue, its original agreeable sense. 
In West Africa the timbers are generally inferior. 
The Canadian timbers approximate generally to 
those of the northern parts of the United States, 
and may be said, as a rule, to be inferior in stren^h 
and durability to those of the Southern latitudes. 
There are great quantities of the softer woods in 
British Columbia, the gigantio Douglas fir being 
largely exported to Australia, under the name of 
Oregon pine, for purposes for which, from their 
excessive hardness, the native woods are unfit. 
In Mexico, and many ports of South and Central 
America, though there are valuable timbers, difficulty 
of access often leads to importation. 

In hot countries, the ravages of white ants, even 
in very hard woods, cause great difficulty. These 
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insects work in Urge bodies, cxearating galleries in- 
side the wood, so that often their de{]?edat>ons are 
unknown till utter collapse discloses them. Creosote, 
corrosive sublimate, and petroleum have been used 
as preventives with more or less effect, but with the 
harder kinds of wood it is difficult, even when 
compressed air is used, to force the liquid into the 
close-grained fibres of the timber; for instance, stl 
and iron wood will not absorb more than 1 lb per 
cubic foot. In the Australian bush wooden houses 
are general, and in the northern warmer parts it is 
common to see an inverted tin basin on the top of 
each of the supporting posts, above which the super- 
structure of the building is erected. This is to 
insulate the house from its supports in the ejirth, 
where the white ant originates. The posts, of 
course, require occasional renewing. 

Stone and Iron. Gravel and broken stone for 
concrete and ballast are generally fairly distributed, 
but there are notable exceptions, such as in the coast 
l»elt of West Africa, and in alluvial deltas, where sound 
deposits of considerable depth ocemr. The absence in 
such places of this much required engineering ma- 
terial gives rise to great expense in transport from 
more favoured localities. Iron ore of good quality, 
with its neighbour, coal, to smelt it, is found exten- 
sively in India, Australia, South Africa, and Canada, 
but labour conditions, and often its geographical 
))osition, have presented difficulties, so that im- 
portation of manufactured steel from Europe and 
the United States largely predominates. Canada, 
however, has some important steel works. Limes 
and materials for cement making are much in 
evidence also, but isolation, the question of carriage 
as in the case of timber, as well as in some cases 
inferior quality, leads to considerable importations of 
Portland cement from England. This is specially 
the case in Australia. In Canada, however, the 
local manufacturer of cement has already reached 
a larger figure than the imports. 

In many countries, more especially on the coasts, 
very good lime is produced from sea-shells. With 
regard to material generally, the immediate pro- 
ducts of the eartli, such as stone, metals, sand, 
etc., have their exact coimterparts more or loss 
plentifully distributed, all over the earth ; but 
(he timliers are, to a great extent, distinct in 
character in nearly every country. 

Remoteness of Operations. Perhaps the 
circumstances which differentiate the duties of the 
civil engineer abroad from those of his co-worker 
at home in the greatest degree are the effects 
of the distances from civilised and manufacturing 
centres at which he has to carry on his operations. 
There are, of course, numerous exceptions, and 
many of the difficulties to which we shall have to 
refer will not be found if his work should lie in, 
or near to, the large and |>opulous cities which now 
rival those at home in the provision of his wants. 

In remote parts few or none of the advantages of 
civilisation are available. Temporary houses or 
fents for the engineer, his staff, ana sometimes 
for his labourers, nave to be erected and shifted as 
reejuired. Provisions have to be brought, at suitable 
intervals, from considerable distances, according to 
facilities for transport ; and even, not infrequently, 
largo numbers of men have to be rationed, the 
business of supply being similar to that of an 
army in the field, while there have been instances 
in which clothing has hod to lie furnished. A 
doctor has )>robably to be specially ei^aged to 
look after the health of the camps, and if the nature 
of the work requires a large number of men to be 
stationary in one place for any considerable time 
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special sanitary wofks have to be provided. Then 
the law has to be. enforced. It is very usual In 
these oases to constitute the engineer a magistrate, 
and to give him the necessary powers and the use 
of constables to carry them out, as well as a tern* 
porary gaol in .which delinquents can bo locked up. 
The men have to be paid periodically, Shd for this 
a travelling pay vehicle, with an armed escort, 
is required to bring the necessary cash from head- 
quarters for the monthly pay, as it would not bo 
safe to keep a large amount of monev in the camp. 
Frequently a special mail service has to be in- 
stituted between headquarters and the construction 
camp. Sometimes a temporary telegraph wire 
is found to be useful. Owing to the different races 
often employed, periodical rmimous services for tbe 
men are not often practical, but these are some- 
times arranged for. The local engineer in charge 
is head of aU these organisations, hence he requiios 
more qualifications usually suffice for the 

ordinary work of his profession. 

Public Works Abroad. In the self-govern- 
ing Colonies, such as CSanada, Australasia, Cape 
Colony and Natal, the procedure is the same in 
principle, though differing considerably in detail, 
ns that obtaining in tbe United Kingdom ; that is 
to say, approval of Parliament and the Governor’s 
assent to all considerable works is required, whether 
the promoters be the Government itself, or private 
companies, or individuals. A Bill embodymg the 
nature of the project is presented, and if passed this 
becomes an Act. In India, and what are called 
the Crown Colonies, there being no parliament, 
the works, if not initiated by tbe Government itself, 
as is frequently the case, must be recommended 
by the Governor-General or Governor, assisted by 
his council, and approved by the Home Government, 
on the advice of the Secretary of State for India, 
or for the Colonies, as tbe case may be. The smaller 
provinces in India have, however, a limited power 
of undertaking lesser works, but the larger ones 
must go before the Governor-General in council. 

In countries abroad not under tbe British flag 
wo.’ks not undertaken directly by tbe State must 
be sanctioned by the Government, this sanction 
being called a concession, and generally containing 
stipulations as to conditions, privileges, subsidies, 
etc., to which we shall presently refer. 

Subsidies and Land Grants. With regard 
to State assistanoo In grants of land or money. 
In Canada, in unsettled districts, the Government 
has given to the promoters of railways alternate 
blocks of 160 acres each, adjoining tne route on 
either side, which the latter are able to sell, to 
considerable advantage, in smaller lots, after the 
railway is open for traffic. In the case of the 
Canadian Pacific Railway, the Government assist- 
ance amounted to over £5,000,000 in money and 
25,000,000 acres of land. It is very evident that, 
important as this line has become subsequently to 
the world, no private company unassisted could 
have undertaken it, as, passing chiefly through a 
then uninhabited desert across a continent, no 
profits could have been counted on for niany years 
after completion, tlamaica, West Australia, and other 
conntaries, have followed the same plan to some exten t. 

Local Aaaiatance. Cases have occurred in 
the Colonies where the State, generally )»roviding 
funds for public works, has h^itated in proceeding 
in particular casd» owing to doubts as to success, 
and where the inhabitants of the district are so 
interested and confident that> without disturbing 
the general policy of Government construction, 
they have assisted the State by some of the me.thods 



referred or by submitting to a local tax ; but 
unless the assistance < is by ready cash or leviable 
tax, security for fulfilment is very necessary. 

Contract and Departmental WorK. 

In cminection with the cohstructioh of worhs 
abroad, one important variation from home practice 
should be mentioned. Generally in the United 
Kingdom, in Europe and America — Canada in this 
respect, as in many others, following the lead of the 
United States — the promoters of works, whether 
governments, municipalities, or companies, employ 
contraotojrs. This method has in many cases 
abroad b^n abandoned, and the promoters have 
carried out their operations directly themselves, 
both by day work and small contracts, or depart- 
mentally, as it has come to be called. The relative 
merits of these systems we have not space to discuss, 
but it is necessary to state that the engineer, under 
the latter one, has to combine his ordinary duties 
with those of a contractor’s agent. 

Small Contracts. Whether the system be 
by contract or departmental, the introduction into 
it of small contracts, as against day work, has 
special advantages abroad, where superintendence 
is often difficult to obtain, and always costly, 
more of this being required u4ien the incentive 
to personal exertion of piece work is absent. Though 
there are cases in which day work cannot be avoid^, 
such as those involving risks which a small con- 
tractor would not take, the fact that it is the best 
method is well demonstrated by the knowledge 
that it is that usually employed by the large 
contractor himself. Small contracts, for labour 
only, have sometimes been let to workmen on the 
principle of what is known as a Dutch auction. 
In the case of the earlier South African railways, 
in which the workers were a medley of English 
navvies, Italians, Greeks, half-breeds, Kaffirs, 
Malays, and other nationalities, excavation of 
earthwork, for instance, was put up at a starting 
price per cubic yard, and bids offer^ at lower and 
lower rates, by different competitors, until knocked 
down to the lowest bidder. He would then form 
his gang, generally of his own race, to do the work. 

A variety of the small contract method, often 
in practice abroad, where the intelligence of the 
wo»men is. equal to it, is that of the huUy gang. 
By this a gang of men contract to do a certain 
work, and when finished, the engineer, or overseer, 
divides equally among them the money duo on the 
measurement 

The Profeealon Abroad. Not many years 
ago, the countries to which this course more particu- 
larly refers had to rely on the United Kingdom for 
the civil engineers they required; but gradually, 
and indeed properly, the Colonies and other places 
have become, oomparativelv speaking, well supplied, 
not only by such men who have, after the expiration 
of their agreements, decided to remain in the 
counfey, but by others who have gone out volun- 
tarily to try their chances. These, with their 
Colonial pupils and others trained at local uni- 
versitfes, since established, have rendered many 
lands self-contained in this respect. Moreover, 
there is actually a tendency, in a few states, to 
frame regulations for the ^practice of the profession, 
which throw difficulties m the way of strangers 
engaging in it at all 

In India, Australasia, South and West Africa— 
and, to a small extent, in North and South America — 
so many of the public woiks are carried out by 
the Government that a large proportion of the 
engineers are practically, and m some oases actually, 
members of the Civil Service, entering on their 
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employment by regulated tests or examinations, 
acquiring pension rights, etc. In such countries, 
of course, the field for the engineer in what is 
there oall^ private practice is very limited. For 
example, in one of the x>rincipal states of the 
Australian Commonwealth over 75 per cent, of 
the civil engineers are in Government employment, 
and in such cases the remainder have often to 
eke out a sufficient livelihood by combining their 
calling with that of * architect, or land surveyor, 
or bom. Contractors, in all countries, are frequent 
employers of engineers. The system of apprentice- 
ship is not so general as it used to be, tne more 
usual plan of entry into the profession abroad 
being through local university training; but not 
infrequently irregular meth^s of becoming a 
professional civil engineer are tolerated, such, 
for instance, as promotion from the position of a 
draughtsman or inspector, to the higher status, 
with or without an examination. 

In India there are universities, with affiliated 
engineering colleges at Calcutta, Madras, Bombay, 
Allahabad, and Lahore, on the model of the London 
University, besides two colleges for civil engineers. 

. These, however, are {primarily meant for the natives 
of the country, among whom there are already a 
considerable number of trained and capable men, 
many bei^ corporate members of the Institution 
of Civil l&gineers. In the capitals of all tlie 
gre iter Colonics there arc* also efficient universities*, 
with engineering schools and laboratories, and 
there are usually in such cities also engineering 
societies, composed of the practising members of 
the profession, where pa^iers are read and discussed. 

Qualifications of an Engineer 
Abroad. Abroad, it is more than ever necessary 
for the engineer to remember tbc old adage, that 
an ounce of practice is worth a ton of theory. 
Certainly, a different set of qualifications, botli 
physical and moral, is required from that which is 
sufficient for home work. As hardships are more 
likely and, in a few cases, worse climates may be 
encountered, a better physique and sounder health 
are necessary. Greater resourcefulness also is 
wanted in the engineer, as he has not the same 
means to his hand for his requirements, and he has 
probably, owing to distance, not equal opportunities 
of consultation in difficulties with his superior 
officer. Should survey work be engaged upon, 
the following acquirements, which, for the most 
part, will TO gained locally, are a great help: 
First, a sense of locality — a great gift in far-away 
lands, what is called in Australia being a good 
bushman — that is, being a close but almost un- 
conscious observer of physical features, such as the 
position of the sun and stars, the growth pf moss 
on the weather side of trees, and countless in- 
dications which may guide him who has lost his 
way, far from help, in the trackless forest. Then, 
a knowledge of horses with their points and ailments, 
of riding, shooting, fishhig, rowing, cooking, use 
of tools, tent - mending, and rough surgery — all 
these help the surveyor in camp. If the ex^ineer’s 
lot should be cast in countries outside the English- 
speaking Colonies, the acquisition of native langua^ 
may be necessary, and is always desirable, but this 
may well be left till his arrival on the spot 

Li the United Kingdom there exists an elaborate 
ordnance survey in considerable detail Therefore, 
the operations necessary to make it serve for a 
map or plan, on which the proposed work may bo 
drawn, and from which it may be marked out, 
are not considerable in extent [see Civil Enoinesb- 
INQ, page 1145]. In many cases, little more is 
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Inquired than to measure up fences, houses, etc., 
which have been added since the date of the 
ordnance survey, or to enlarge at Joints where 
special works require more detail There are, of 
course, in India, and some of the Coloniea, small 
^ale ^vemment surveys, but these are generally 
insufficient, except for what is called preliminary 
or ta*ial work. 

Primeval Conditiene, But there may 
be regions to be dealt with which do not poasess 
maps even of any kind, however small, and of 
which the geography has to be virtually discovered 
by the surveyor. Explorations, followed by 
ro^h reconnaissance surveys, totally unnecessary 
ana unknown in home operations, are indispensable 
m^liminaries, and, owing to dense forests, he may 
nave to adopt as his base line some trade route, 
possibly only a bridle path, which, though wanting 
in directness, may be the only feasible one without 
the great delay of cutting his way through in a 
more direct line. 

Surveying by Photo||raphy. Recon- 

wjuiuiuu lu uubu xiuri/u ciuu Auivnuu. jluib 

is a system which it would require a textbook 
to explain, and therefore it cannot be more than 
referr^ to here. “ Photographic Surveying,** by 
E. Deville, published in Ottawa in 1895, is a good 
work on the subject. Sufficient it is for us to say 
that the system consists in the determination of 
the position of any objects as to their distance, 
elevation, and direction, in relation to the observer, 
by means of the calculated proportions which exist 
between the apparent perspective distances, etc., 
as either traced on a vertical glass, through which 
the observer sees them, or as received on a photo- 
graphic plate, and the true dimensions [see page 
596 1. The system is sometimes preferred to the use 
of the plane table [see page 710], as the field work 
consists of observing only, the plotting being done 
in the office, thus saving some of the wages of the 
chainmen. It is often called “ Photogramraetry,” 
and by other similar names, but Deville prefers 

Iconometry,’* as though photography affozds the 
most convenient means of doing the wwk, it is not 
the essence of it. 

Loemtion. Coming to the second part of the 
engineering surveyor’s work, that of location or 
designing, and marking on the, ground the position 
of the proposed work, the latter merely a mechanical 
deration, differs only in minor respects from 
that required under home conditions [see page 801 ), 
but the circumstances governing the choice of 
location, or design, are very different in each 
case. For example, in laying out a road, railway, 
canal, or pipe line, the home engineer is almost 
as much concerned with minimum interference 
with private property as he is with topographical 
features, and his best result is obtained when a 
judicious mean is attained, varying towards the one 
object or the other, according to the value of the 
property and the extent of the physical difficulty 
before him. Abroad, except close to large cities, 
the property consideration is as nothing, and, 
practically, the whole attention is concentrated 
in avoiding or dealing with natural obstructions. 

Location of Townohipa. In new coun- 
tries it not infrequently happens that an engineering 
work, more especially a railway or aaoad, precedes 


settlement, unlike such undertakings in the older 
lands, which are never projected except between 
places already settled ana populatea to some 
extent, though, of course, an increase may be looked 
for due to the improved communication. 

Not BO always in the CSolonies. In some cases, 
therefore, of a projected road or railway, towns and 
villages will not have come into being, even on 
paper, in a district be it ever so fertile. In these 
cases it often falls to the lot of the engineer to ^ 
sites for future towns which will not only be suit- 
able, as regards water supply, drainage, foundations, 
etc., but also conformable to the project with 
which he is more immediately concerned. 

ReBOurcea of the Country. Then in 
the newer lands the facilities for the constntetion 
of any proposed work are often little known before- 
hand, and the surveyor is consequently called upon 
in that case to furnish a report on the resources of 
the district as to stone, timber, gravel material 
for bricks and lime, water supply, etc., and even 
sometimes as to the fertfiity of the soil and mineral 

nrnrliiofivAnAsn. with thft viaw of iTifnrmiTiflr those 

proposal. So it will be seen that in order to 
judge rightly in these matters, quite an additional 
number of qualifications to that necessary for the 
home practitioner is required. 

Surveying Instruments. As to instruments, 
the surveyor will find abroad a tendency, unless when 
special accuracy is required, to the use of light ones, 
more especially where labour is dear — in fact, he 
will probably often have to carry some of them 
himself. It is not uncommon, for instance, to meet 
in Australia the surveyor riding nt a rapid pa^ 
through the bush with -a tneooolite set ujmn its 
legs and carried on the rider’s shoulders. For the 
same reason there is a tendency to do, if possible, 
by a theodolite the work ordinarily performed by 
means of a spirit level so as to combine two different 
operations with the one ipstrument. Various forms 
of tacheometers have been devised, partly with the 
same end in view, though the weight of this instru- 
ment is an objection [see page 710]. The plane 
table [see page 710] is much used for the pre- 
liminary survey which is such a prominent feature 
of our course, and the ordinary miner’s dial has been 
found very useful in the dense tropical forest of 
West Africa, and is preferred there to the prismatic 
compass [see page 267]. The instruments used 
in iconometry are various, both for use in the field 
and for plotting, such as the photo theodolite, the 
photometer, the diagraph, the perspectograph, the 
centro-linead, and the perspectometer. 

As regards the later and more detailed surveys, 
the instruments used abroad are generally similar 
to those at home, but steel bands, instead of the 
ordinary link chain, are almost universally employed, 
as less likely to catch in undergrowth, etc. In coun- 
tries where the metrical system prevails, the Chain 
is 20 metres long, which is about 4} in. shorter than 
the English 66-rt. chain. The levelling staff is also 
divided into metres and centimetres. A feature 
in the marking of the position of proposed works 
in new countr^ is the necessity of making marks 
for this purpose very substantial and permanent, 
and to numW them, for, owing to the absence of 
artificial features, such as fences, etc., it would be 
otherwise difficult to find them again when the 
construction engineer coxhes on the ground. 
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By CHARLES HARRAP 


f ITHOGBAPHY as a business or craft is but 
^ young compared with the majority of trades, 
as its disobvery by Alois Senefelder dates back only 
to 1798. It still appears but a new art to many of 
the older workers and to those who have intimately 
investigated its early jitages and its early specimens. 

As a craft it is one attended with so many 
difficulties and so many discoveries that it is 
rendered at once pleasant, as well as intricate, to 
all who may be engaged therein. Not only do these 
tr 3 nng circumstances surround the man who has 
learnt the trade, but they come upon the amateur 
or novice in the wav of surprises which, for some 
years, are very trying, not to say disheartening. 
The toils of the trade are not rendered any easier 
by the traditions which have been handed down 
through three or four generations of workers who 
learnt originally only how to work by inspection 
and under special guidance, without ever attempting 
to learn why particular methods were adopted. 
This has proved not only a barrier to progress, 
but has b^ the cause of preserving the use of 
methods and materials which ought to have been 
discarded at an early date — yet it is these very 
antiquated notions which are held in such respect 
by the old-faahioned craftsman. 

The Trade of Lithography. From its 
inception as a business in London about 1818, 
the trade has been gradually on the increase, and 
at the present time no less than 10,000 craftsmen 
are directly employed in the production of litho* 
graphic prints in Great Britain alone. But although 
the trade is a smaU one, it has probably given greater 
pleasure to a larger number of persons than any 
other craft, large or small. It has been the means 
of preserving the works of excellent artists in a 
beautiful and lasting form, and this has been 
accomplished at a minimum of cost. 

Litho^aphy is responsible for the production of 
many pictures, as ^ters 
and showcards, whion have 
given great pleasure to the 
whole people, and have 
assisted m illuminating the 
dark comers of our streets 
and otherwise unsightly 
hoarding. The many ways 
in which lithography has 
been brought to bear u|^n 
other printing crafts nas 
done much to increase the 
production and lessen the 
cost of such arts as en- 
graving and photography. As an illustrative art 
it has oeen so often ana so successfully called into 
requisition as to make it practically indisTOnsable 
to all good publications. Of course, it has had 
its trials, and it was many years before it ousted 
such processes as aquatint and meEzotint, as well 
as much copper ana steel plate engraving, from 
ihetr premier positions. 

In the early days of the art it attracted some of 
thq best artists or sketchers as a means of actually 
pr^ucing Iheir own work directly upon the stone ; 


and one artist, R. J. Lane, became an Associate of 
the Royal Academy through his superb productions 
from sketches and original productions directly 
upon stone. 

What Lithography is. Lithography is, as 
its derivation implies, writing or drawing u^n stone. 
But it has the further meaning of prooucing copies 
or prints from a stone. More recently the toade of 
lithography has been construed to inoludo both 
printing from zinc {zinrography) and from aluminium 
(aluminography). If a generic term can be applied, 
the whole of the different methods should be termed 
planography, as they are all, virtually, methods of 
jM-inting from a flat surface or plane. The expres- 
sion flat surface must be further defined as polished 
surface, or a grained surface, in contradistinction to 
a surface etched in high relief. The use of zinc as a 
printing surface was very little posterior to stone, 
out aluminium cannot be placed prior to 1890. 

All three methods ore generally practised by the 
lithographic printer ; and not a few printers are 
also able to work the various photographic processes 
akin to, and including, photo-lithography and collo- 
type. So numerous are the methods employed 
that a lithographic printer has at his command the 
means of producing any print from the roughest 
draft plan or specification of the architect to the 
finest form of imitation photograph, in black or 
colour. The photographic processes now applicable 
to lithography are so far advanced that three- 
colour worK is practically within its available 
bounds. 

Lithographic Stones. The stone used in 
lithography is an exceedingly fine, close-grained 
chalk or marble, geologically known as a ‘‘ slate,” 
the latter term having oeen applied because of the 
form in which it exists in quarries. These quarries 
are largely developed around Solenhofen, ^d 
extmid many miles. But a formation of similar 
stone runs from Bavaria 
northwards into Norway 
and Sweden, and south- 
wards through Switzer- 
land, France, Italy, Spain, 
across by Corsica and 
Sardinia, into North 
Africa. 

Formations of the same 
rock ore known in Turkey 
(around Saloniea), Greece, 
Asia Minor, and the 
Caucasus mountains, and 
stones from all these dis- 
districts have been actually used. A firm in Greece 
has printed largely from Greek stones ; another firm 
in Berlin has used Caucasian stone ; samples from 
Turkey and Asia Minor have been used inRimland; 
and Spanish stone is largely used in Barcelona, jrench 
stones have had considerable patronage, but German 
stones are, without doubt, the finest products, and 
are used throughout the world; and it is estimated 
that in a not far distant future the supply will 
be exhausted. It is this fact, couified with the 
cost and weight of stones, which has caused the 

6635 



STOKE-PI^ANINa MACHINE 



2. ST027B OBINDINO 
AND POLISHING 
MACHINE 


imiinNQ 

Introduction of metal plate subatitutes, and a 
etrong gttei^t to compound a stone of similar 
qualities, llie efforts in this direction have been 
many during the last fifty 
years; but the want of 
knowledge of the actual 
composition of the stone, 
and the inability to apply 
the forces which originally 
compressed this fine chalky 
mud into a durable rock, 
have so far been a barrier 
to its accomplishment 
Artificial Stonea. 
At present, many forms 
of stone are successfully 
copied artificially, and it 
seems more than probable 
that if artificial produc- 
tion should be successful 
' in the lithographic trade, 
it will prove doubly bene- 
ficial, for at the Bavarian 
quarries the appearance 
of the country is dis- 
figured by the enormous 
mound s— even hills — of 
stone-quarrying debris, 
which could be used, and a cheaper article put 
upon the market At the present time (1907) a 
firm successfully manufac- 
turing marble (exhibited 
at the Building Trades’ 

Exhibition, 1907) is pro- 
cessing with the manu- 
facture of lithographic 
stone. 

The statement that 
failure in making artificial 
stone may be due to a 
want of knowledge of 
the constituents of litho- 
graphic slate is perhaps 
open to criticism. The 
composition is broadly 
that of marble, with a little something else which 
makes the difference — a small difference, but an 
im])ortant one. The original geological formation 
was probably in progress some himdreds of thousands 
of years, and the gradual consolidation of the rock 
was attended by such circumstances in watery 
surroundings, the juxtaposition of various chemicals 
and a heavy pressure, that the result is a stone 
varying in its character just so much — yet very 
little — from marble, that while tlie latter is quite 
useless, the lithographic slate is the only article that 
can be used. Like marble and chalk, it undoubtedly 
owes its origin to immeasurable quantities of fine 
shells — shells pulverised to an imponderable dust — 
and ultimately deposited in marine waters as a mud, 
to be convert^ finally into stone. 

The Chemietry of Lithography. The 
actual processes of lithography, zincography, and 
aluminography, are dependent upon chemical 
actions. In pursuing these methods, the chemistry 
of each must always be the actuator of the printer, 
for the same chemicals may not be used to attain 
the same object in each cose. 

The objects of the chemicals used may be set 
forth as (1) rendering the surface non-sensitive to 
grease ; (2) rendering the surface sensitive to grease ; 
(3) rendering the work invulnerable to decompo- 
sition by acid ; (4) rendering the work easily re- 
movable by acid ; (6) attacking the constituents of 
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the ink used in drawing to ,m&<ke them combine 
with the printing surfaoe; (6) compounding the 
original drawing and transferring inks; and (7) 
compounding the printing inks. 

The foregoing brief survey naturally leads directly 
to a closer description of lithography in detail. In 
dealing with the subject, little will be said of 
zinoogpraphy and aluminography, except by briefly 
mentioning some of the variations of treatment. 

Preparation of the Stone. To obtain 
an original upon a stone, the stone must be ground 
down to a slab of equal thickness, so that both 
surfaces are. parallel: then ohe surface must be 
ground perfectly level to receive the work. This is 
accomplished by grinding with sand, by the more 
remote hand methods, the more recent mechanical 
appliances [2], or by the latest device of planing the 
suriaoe in a machine constructed with a long steel 
planing blade [1]. This machine may be said to be 
the most periect appliance yet introduced for 
the purpose, as it can be gauged to plane off 
an extremely thin layer of stone, leaving a perfectly 
level surface all over. 

After grinding or planing, the surface is burnished 
with a close-grained slate, until it presents a distinct 
semi-glassy polish, without scratches. Upon this 
surface, when dry, original work may be drawn or 
transferred, providing the subject is executed in a 
line or dot. If the work is of a “ grained ” 
character, the polished stone must be suitably 
grained by sprinkling 
with fine sifted sand, and 
rubbing the sand evenly 
into the stone all over, 
until the surface is broken 
up into a fine grain. The 
sand is then washed 
off, and the work drawn 
upon the dry stone with 
specially prepared ink, 
called crayons. 

The InKe of Litho- 
graphy. By whatever 
method the original work 
is put upon a stone the 
ink used must contain certain standard articles 
or it is useless. The chemistry of 
starts at the ve^ beginning and 
must be kept in view at each 
succeeding stage. This ink must 
contain a fat. The fat must 
be compounded with other fats, 
solvents, and resistants to make it 
amenable to the draughts- 
man’s or transferer’s art. 

Generally the ink is 
compounded of tallow, 
palm oil, soap, wax. 
stearin, 
shellac, 
bitumen, 
and a 
diluent 
the form 
of manufac- 
tured print- 
ing ink. 

These are not 
all used in 
one ink. 

Thu% the draughtsnian’s ink may contain tallow, 
wax, soap, shellac and printing ink ; the stone 
transferring ink, tallow, stearin, palm . oil, soap, 
and printing ink ; and the copperplate transferrers 
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ink may be somewhat Himilar to the last with 
bitum^ or asphalt Orkvoos may contain only 
tallow* soap, wax, andahellao. Photo-lithographic 
traiisfOr ink may be 'similar to plate transferrer’s 
ink without soap. The variety of the 
lacs is subject to variation to meet 
the needs of greater or less hardness, 
or necessity mr etchi^. The object 
to be attained is to bring into contact 
with the stone some form of free 
fatty acid. It is common knowledge 
that chalk — ^lithographic stone— when 
treated with an acid suffers decom- 
position and some compound is the 
result. This is especially the case 
when a fatty acid attacks the stone, 
aa the resulting compound is an 
insoluble salt of the calcium of the 
stone with the fatty acid of the ink. 

TWs compound is the real printing 
“ surface procured upon the stone. 

Similarly, fatty acids (as well as 
many other acids) attack zinc and 
aluminium, and in these cases produce 
an insoluble compound whicn gives 
the printing ** surface.’* 

Etching the Stone. The work 
having been drawn or transferred upon the stone, 
the p-mter proceeds to obtain impressions. If the 
work consist of heavy masses of thick ink it must 
be “ etched ** or treated with an acid that will 
decompose the surplus soap in the ink and convert 
it into an insoluble compound with the stone. 
This is especially necessary with, work drawn -in 
crayon upon grained stone. The etch may be a 
watery solution of nitric acid, or tannic acid, or 
weak tea; or a mixture of gum arabic solution 
and nitric acid. 

The older method of etching grained stones 
was with a very dilute solution of nitric acid in 
water, and it was applied in two ways. The first 
was to poor over, or deluge the stone with a large 
jug .fill! of the etch, the whole of it running off the 
stone into a jug and being used again. The second 
was to place the stone in a rocking-trough, and fill 
the trough to the top edge of the stone with the 
etching solution. In rocking the trough, a wave 


from the surface before a c^econd etch is commenced. 
In either case, the applications of the etch art» 
numerous before it is completed, and its completici. 
is so much a matter of exjicricnce that no rules can 
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of etch passed evenly over the stone and left it 
oleor. &th these methods have the pre-eminent 
advantage of leaving the stode free after immersion, 
iLct allowing the heavy bubbles of gas to escape 
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n the stone, be given. This jjhase of the subject is dealt with 

ons. If the apparently in greater detail than it warrants; 

ink it must but it is so important in its bearings that both the 

d that will' principle and methods involved might be applied 
and convert usefully to some present-day practices. 

the stone. This treatment having been jicrformed, the 
k drawn -in actual work on the stone is in a more or less 

I may be a insoluble condition in hot or cold water, and 

nic acid, or is strengthened by the etch. Tlie work may 

bic solution then be carefully inked, cither by dabbing or 

rubbing t>finting mk on it with a fine soft rag, or by 
ined stones rolling up with ink on a leather roller ; in any case 

itric acid in gummy water must be kept on the stone to preserve 

I. The first uniform dampness and to prevent the particles 

with a large of the original ink from catching upon the surface 

ining off the of the stone and forming a scum upon its surface. 

The second Having charged the work with ink the stone may 

ugh, and fill be washed clean. 

no with the Preparing for Printing, If the work 
igh, a wave be not drau^n, or transferred, in heavy thick 

masses, the first etching may be 
di8]>en8ed with. Such treatment 
also applies to work put on the 
stone in a hard or bituminous 
ink which has not had time, 
or does not contain sufficient 
active agents, to cause its ready 
combination with the stone, and 
does not require an etch After 
charging with ink and washing 
clean, the work cannot be con- 
sider^ in quite such a strong 
condition as necessary, and it 
should bo covered with a fine 
resisting powder, such as resin, 
talc, or silica, when it may be 
lightly “ etched *’ with dilute 
nitric acid. The acid actually * 
decomposes any remaining soap 
in the ink, as well as the 
actual stone, thereby carrying 

FHO PRiNTiNa MACHINE away many loose particles of * 

grease which have been carried 
and left it accidentally on to the surface of the stone. The stone 
pre-eminent is again washed, and well covered with gum arabio. 
r immersion. This gum is of a complex composition, and ^ere is 
IS to escape little doubt that it forms a surface on the stono 
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impenetrable to grea^. Finally, after the g|um has 
dried, it may be washed o£E ; the work is then 
** cleaned ** or washed out with turpentine prior 
to dual rolling up. It is then thoroughly cleaned 
up by using a scraper of steel, a w<^en stump 
with acid, or a fine stick of polishing stone prior 
to printing the copies from the stone. 

Machinery. The print^ is usually 
done in a machine which is fitted with damping 
rollers and leather inking rollers to imitate the 
hand press method of damping a stone well [4]. 
Printing is seldom done from the original draw- 
ings. Transfers are taken from the originals 
aim put upon new stones, so as to preserve the 
originals for further use. The originals themselves 
may be transferred to zinc or aluminium plates and 
stored away, thus liberating the expensive stone. 
Wherever possible, the originals should be drawn 
on the plates. The impression is procured upon 
paper which is carried on to the surface of the 
stone upon a cylinder — the cylinder being forced 
down upon a stone by powerful springs or weights. 
The action of the machine is to take the stone under 
damping rollers, which moisten the surface of 
the stone to prevent greasy ink catching ; thence 
under the series of inking rollers. U^e stone 
returns under the inking rollers, getting fed a second 
time, and in completing its backward journey 
the printing paper is brought down upon its surface. 
The contact of the paper with the stone is reduced 
to the fine line made by a perfect cylinder coming 
in contact with the flat sunaoe of the stone, the 
whole pressure of the xmwerful weights or springs 
being brought to bear upon this rapidly moving 
line of contact [8]. 

The latest idea in lithographic (planographic) 
printing machinery embodies the possible culmina- 
tion in the art of printing from a flat surface. In 
the past it has been the common practice to print 
upon paper by direct contact of the hard surfaces 
of the cylinder and the stone or metal plate. This 
practice has had its variations in the Orlofi method 
as applied to printing on paper, printing on tin, 
and collotype printing, where the printing surface 
is soft. But this principle has been applied to 
lithographic printing upon paper in the well-known 
lithographic machine of the rotary type [5]. The 
success of such method has be^ proved upon 
hard and rough paper by printing from an inter- 
mediate soft transfer ^pliance, as introduced in 
1907 by G. Mann & Co., of Leeds, under their 
patent of 1903 [6]. 

Lithographs in Colour. The feature 
of lithography which, perhaps, to the general 
public is the most interesting, is the production of 
coloured prints— chromolithographs — ^upon paper, 
card, earthenware, silk, satin, etc. The process is 
difiicult owing to the great care which is necessai^ 
in every detail. An oil painting is reproduced in 
the following way. A tracing is taken from the 
picture. This tiding is generally made upon a 
thin sheet of gelatin, the actual tracing being done 
by “ cutting ’* in the gelatin with a fine steel point. 
This copv takes not only the general outline of the 
subject but includes the boundaries and contours 
of all the various colours and mixtures of colours. 
This engraving on the gelatin is then filled in with 
transfer ink, carefully cleaned, damped (in a 
special damping book), and laid down upon a 
perfectly clean stone. It is run through the preas 
and transferred to the stone, to be gummed up 
and rolled up as ordinary work. It then constitutes 
the key or guide. From it a number of impressioxui 


are taken upon a hard-faced paper or paper moimted 
on zinc, so that there will be one impression for 
each colour that the artist intends to use. These 
impressions are dusted with on offset powder, of 
common red chalk, or aniline, magnesia, and carbolic 
acid. The latter is the best as when put upon the 
^ stone it penetrates, and the stone may be washed 
and policed lightly without removing it. 

These dusted impressions are run down upon 
separate clean stones, and then constitute the off- 
sets, to which the artist draws all the colours in the 
proper litho^praphic ink. When complete they are 
^ rolled up in the ordinary way, and the impressions 
in each colour are pulled, one by one, on top of each 
other until the whole picture is finished. The 
process jrequires great care in getting each colour 
to print in its correct place — registering ; and in 
the use of colours which, by overlapping one 
another, give the correct colour scheme of the 
original. 

Transfer Proceaeee. In the preparation 
of originals, the stone, zinc, or aluminium is not 
employed for drawing Erectly upon entirely. Many 
originals are execute upon transfer paper. The 
paper is prepared with a gelatinous surface coih- 
pounded with an inert dust. Transfers may be 
taken from copper plates, steel plates, stones, or 
type, and patched up into the necessary design, 
when they are transferred to stone. 

A branch of the transfer process prepares 
originals direct from photographic negatives in 
line, dot, or stipple. It is applicable to producing 
certain kinds of originals direct upon aluminium, 
zinc and even stone. It is applied to producing 
work by the colloytpe, photo-stone and photo- 
lithographic processes, little used prior to the past 
ten years [see pages 6483 and 6486]. 

Transfers are used in all cases whore a large 
number of prints are produced at the same time,. 

Substitutes for the Cumbersome 
Stone. Both zinc and aluminium have been 
adopted, more extensively in recent years, chiefly 
owing to their adaptability to be “mounted” 
upon cylinders, in rotary machines, which have 
been much improved in the past ten years. 

The same reagents will not suit all surfaces. 
Nitric acid is the acid par excellence for the general 
treatment of stone; it is positively inert upon 
aluminium for similar purposes, and on zinc its 
effect is not beneficial. Oxalic acid has particular 
uses upon stone, which are opposed to its effect on 
aluminium. Caustic soda, little used upon stone, 
is a solvent of aluminium, and on zinc is distinctly 
useful. Phosphoric acid is scarcely used upon 
stone, whilst with zinc it is of prime importance. 
Much more could be written on the differences 
between the treatment of these surfaces. 

The applications of planographic printing are 
‘both beautiful and numerous. The well-lmown 
oleographs, the ever delightful Christmas cards, the 
illustrated toy books, and the host of atlases, 
natural history books, and artisric publications, owe 
their value and their charm to this business — a 
business which is not an amateur one, which is 
not of an ephemeral character, but one in which 
success can be attained only by many years of 
steady application. 

Three good books on the subject are “ Practical 
Lithography,” by A. Seymour (1903, Scotty 
Greenwood & Co.), “ Handl^k of Lithography,” 
by David Cumming (1904, A. & C. Black), and the 
** Grammar of Lithography,” by W. D. Richmond 
(E. Menken). 
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By D. N. DUNLOP 


*T'HE revolution in business methods 'which is 
* silently taking place is nowhere more ap- 
parent than in the factory. New processes, the 
invention of new tools, new methods of gearing 
them and increasing their efficiency, the use of 
new combinations of cutting steel, have not only 
caused radical changes in factory practice, but 
also in the character and skill of the labour 
enmloyed. 

Industrial organisation has become a new science. 
The authorities and executive required by a fac- 
tory organised on up-to-date lines are shown in 
the tabb below. 

The Complete Factory System. A 

complete factory system comprises three main 
divisions : 


(a) The system of cost accounting and record 
keeping. 

(o) A system controlling the procedure by which 
raw material is converted into a finished product, 
including records of all kinds of labour and of 
machinery. 

(c) A system for keeping accurate records of raw 
material and finished product received or produced, 
requisitioned and on hand. 

To be effectual the cost system must at least 
perform the following functions : 

1. It must furnish records of the work and 
relative efficiency of workmen and foremen, as well 

' as of machines and departments. 

2. It must act as a dia^am for the organisation of 
the whole factory which it liolds together. 


ORGANISATION OF A FACTORY-AUTHORITY AND EXECUTIVE 

DIRECTOR 


EXECUTIvk 

AUDITOR 

I 


ADVISORY COMMITTEE 


CHAIRMAN 


GENERAL MANAGER 


FACTORY 


dbpaiAtmbnts. 

MBOHAmOAL Enoineekino . 


I 


OFFICE 


Stores avp Stock 


Kegkivino Room 


DBA WING Rook 


Pattern Room. 


( Mti^wnical Engineer : 

J plumbing, 

I equipment. 
f Chief Storekeeper : 
production orders, 
all material, 

, •< requisitiouB, 

perpetual inventory, 

1 shipping requisitions. 
Vflnisfied product, tools. 

( Receiving Clerk : 
unpacking, 
checking receipts, 
purchase and 
[requisition. 

'Chief Draughteman : 
drafting for products, 
outside contracts, 
equipment. 

Foreman : 
pattern making, 
carpenter work, 
pattern stores, 
requisitions. 

Foreman : 

all tools made (or own use, 
« and 
outside work. 

{ Shipping Clerks 
Warehouee Clerk : 
packing, shipping, 
transport, 
checking invoices, 

. shipping documents. 
f Superintendent : 
.manufacturing 
inspection, 
tracking orders, 
all requisitiotts, 
auditing, 
maintenanoe, 
odtside expense, 
^shipping. 

N.B.— The chief authorities are given in italics* 


Tool Room 


Shipping Room 


DEFART.MENTS. 


Business Manager and 
Assistant 


Accounting . . 


CORRESFON PENCE 


SALES Department , , 


PUBUOIZY 


/Sales, 

I advertiseineati, 
collections, 
j purchases, 

I costs, 

I estimates, 

^audits. 

^Bookkeeping, 

• pay-rolls, 
sales, 

collections, 

billing, 

cos^, 

^disbmsements. 

’Letter writing, 
mailing, postage, 
telegraph and telephone, 
contract writing, 
tiling of office documents. 
Salesmen, agents, 
dealers, 

regular products, 
parts and repairs, 
[outside work. 

^Manager : 

advertisement writers, 
translators, 
researchers, 
pliotographers, 
engravers, 
artists, 
catalogues, 
circulars, 


SUPERlNXSNPENT'a OFFICB 


pamphlets, 
press work. 


PUROBASB 


Orders , 


printing. 
/Material, 
supplies, 
office stores, 

I tools, 

\ machinery. 

( Order Ctm k : 
regular product, 
repairs, 

Si^de work. 


: 





mvmmmm manaqbmcmt 

3. It must enable the superintendent to follow 
the work tlurough each department of the factory, 
to detect defects and provide remedies. 

4. By means of a system of receipts and requisi- 
tions, ib4m8are» lhat everythine used or produced 
in th 9 factory shall be accounted for, and responsi- 
bility for all defects and losses located. 

5. It keeps watch on the output per man, per 
machine, per department, and for the whole factory, 
giving danger signals when the ratio of costs to 
output oversteps safe limits. 

6. It furnishes the means of securing comparisons 
on all manufactured products as well as data for a 
close analysis of the comparative costs of jobs at 
different periods ; and of estimated costs, tenders, 
and contracts. 

Systems of Cost Keeping. The cost depart- 
ment of a factory under a chief accountant or cost- 
keeper takes cognizance of the important factors of 
material, labour, factory burden (manufacivriny 
expense), general expense, including depreciation, 
and special items of cost. It deals with them in 
harmony with the other systems of organisation. 

It is necessary to keep three sets ot costa for 
every product manufactured. 

1. The flat cost or prime cost, including the price 
of raw material or stock parts, and the cost of the 
productive labour. 

2. The factory cost, comprising the piime cost, 
plus the factory burden — that is, factory non-produc- 
tive labour, manufacturing supplies, and any other 
expenses incurred by the factory directly. 

3. The total or selling cost, consisting of the factory 
cost, plus the proper percentage of the general 
expenses chargeable to the order, for items such as 
interest on capital, insurance, depreciation, salaries, 
rent, taxes, maintenance, etc. 

The organisation of a cost department necessitates 
only a small addition to the staflf— namely, the cost- 
keeper or factory accountant, and perhaps one or 
more clerks, according to the magnitude of the 
business, and a few for the card-filing cabinets. 

Routine of the System. The prime func- 
tions of this system have already been discussed. 
The system ensures that none but written orders, 
duly signed, take effect in any department, and that 
clerical work is eliminated as much as possible from 
the shops. Work is set going in the cost department 
by the issuing of a production order signed by the 
general manager, which concerns the whole estab- 
lishment. The general manager's clerk then makes 
out the factory order in duplicate, giving it n number 
which must be recorded on every card, loose-leaf, or 
voucher concerning it, and accompanies the work > 
on its progress through the shops; the order bears 
particulars as to estimate, tender, correspondence, 
and customer, which enable the whole history of 
its genesis to kept on record. 

The factory order p^es on to the stqxtrintendent, 
who files it after ma^ng out a separate production 
order for each department concerned. It the order 
be for a new type of machine, the superintendent 
sends written instructions to the drawing office, 
where the necessary drawings are put together. 

\yorking lists are then drawn up for the foremen, 
giving them detailed instructions concerning every 
operation, even the most trivial, which is to be 
performed in their shops ; the duplicates of the work- 
ing lists are filed in manilla foidefs for reference ; 
they contain an additional column for the cost of 
each item to bo added on completicm of the order. 

In the StocKroom. Each foreman on re- 
ceipt of the production order and working lists 
sends a requisition card, prepared for him in the 
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cost department, after dulv signing it, to the store- 
keeper for Uie raw material or stock parts necessary 
for the operations in his shop. 

The stock-keeper, on issuing the material, returns 
the card to the foreman and registers the disburse- 
ment in the card index of his perpetual.inventory, fills 
• in a material disbursement card, which he forwards 
to the cost department. The cost of the material 
may be filled in by the stock-keeper, but the better 
plan is to keep aU records of costs in the cost and 
record departments, and to leave that item to the 
cost-keepw to fill in. 

The amount is charged to the shop in question, and 
the card remains on file with other disbnrsoment cords 
for the same order, until the labour cards come in from 
the departments concerned and furnish the data 
necessary for compiling the three sets of costs 
mentioned above. The disbursement cards act 
as signals to the stock-tracer, who may be one of 
the inspectors, and whose duty it is to follow the 
progress of each order, step by step, through the 
shops, deriving his clues from the various cards 
which come in to the cost department. The stock 
tracer’s records take the form of transfer cards, 
recording the factory order number, the date, the 
departments between which the transfer takes place, 
the number of pieces, the number passed, the cause 
of rejection, the name of the part and symbol or 
number, the machine on which It is used, the 
storage record (section, bin, shelf, or rack), the 
requisition order number, remarks, and the signa- 
ture of foreman. 

Progress Through the Shops. Mean- 
while, the production order proceeds through the 
shops. The foreman is furnished with job cards, 
one for each job, ruled and filled in as far as possible, 
in the cost department, leaving him the date, name 
of workman, and signature to add. The cards are 
prepared in advance so that no time is lost between 
jobs. The workman registers the time at which bo 
starts a job on a mechanical recorder, find wlien the 
work has been examined by the foreman be registers 
the time in the finish^” column of his card, 
receiving at the same time the card for the next 
jol), which he at once' registers in start column. 
The foreman signs the card for the finished job, and 
forwards it to the cost department ; but he kcejis 
the production order and material requisition card 
until the order is completed. As the cards come in 
daily — one might say hourly — ^from the various 
departments, including painting, assembling, testing, 
packing, shipping, the cards l^longing to l^e same 
order are filed together, and the detailed total-cost 
card is made out from thom^ a duplicate being 
sent to the commercial office for the use of the book- 
keeper, who charges the amounts to their proper 
accounts in the loose-leaf ledgers. 

Orders for repairs are treat^ in exactly the same 
manner ; the number assigned is, however, in that 
case preceded byE for outside work, and by MR 
(maintenanoe tsptirs) for repairs to the plant. ^ 

The Record OfHce. The functions of the 
record office, which may at first sight appear to be 
unnecessary, are really of the matest importance 
in modem industry. At first these may he under- 
taken by the cost department, but as the utilitv 
of the records becomes appreciated, and fresh 
seric« of records suggest themselves, then the need 
for a separate department asserts itself. The cost 
department furnishes the data; the record office 
makes use of them to compile deductions, state- 
ments of efficienev and of progress. An efficient 
record office has the powmr to secure the reduction 
of the cost of production to the lowest minimum, 
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and, by a thorough system of supervision and 
control, to eliminate waste. 

The DUtribution of Manufacturins 
and General Expense. Manufaotorfng 
expense, or the factory burden and general expense, 
aifeot respectively the factory and the selling cost. 
It is evident that, to be profitable, manufacturing 
must include selling the output at a definite profit 
on the entire cost ; the difference between the 
selling or total cost and the selling price must, in 
fact, oe pure profit. We have seen how a modern 
department arrives at the prime cost by means of a 
simple and direct system. The computation of 
factory and selling costs, which are no Joss 
important, is generally considered to be a matter 
of great complexity and difficulty. This is un- 
deniably the case In a factory deficient in organisa- 
tion and without an up-to-iato cost lystem. The 
result is that the task is often shirked, and a ^r- 
centage is estimated to represent expenses, which 
is often wide of the mark, and entails heavy losses. 

The Factory Burden. The chief items of 
factory expense are interest on capital, rent, taxes, 
insurance on buildings and macbines, depreciation 
and maintenance of equipment, power, lighting, 
heating per area of floor-space, supervision, salaries, 
general unproductive labour, supplies, etc. 

Approximate exjienses should on no account be 
charged equally to ail jobs passing through the 
shops, excepting those expenses which, from their 
very nature, cannot be connected with any 
operation. It is obvious that in large machine 
shops, for instance, each machine or group of 
machines involves a certain running expenditure 
per hour, such as power, attendance, depreciation, 
maintenance, supplies. Thcw expenses are aU 
proportional^ to the time, the machine is running, 
and cease when it is at rest. The other items of 
expense are fixed, *and never vary. 

The Machine Rate. All the expenses which 
shonld be borne by eaoh individual machine must 
be carefully computed and charged by means of 
an hourly rate to the job for which the machine has 
been used. In order to accomplish this, it is neces- 
sary to take the following ste{>s : 

1. The items composing the machine ^rate must 
be figured out. 

2. A schedule of classification for all machines 
used must be made, as explained in the section on the 
applications of the card system. 

3. The workman’s job cord should be ruled to 
include columns for the hours during which the 
machine has been ox>erated, for its number, and for 
the hourly rate. 

In order to deal fairly with the two different 
classes of charges, the fixed expenses, which are 
constant for the year, divided bv the number of 
hours the machine has worked, form the machine 
rate. Those expenses which vary with the condi- 
tions of commercial and shop efficiency are t^own 
into a supplemental or variable rate, computed 
weekly and charged equally to all jobs Massing 
through the shops. A card-index is used for the 
schedule of classification for the machines, a 
separate card being allotted to each individual 
machine, showing its number, cost, interest, 
insurance, depreciation, rent, taxes, floor-space, 
and the machine rate as soon as it has been figured 
out. 

Example of Machine Rate. The follow- 
ing is an example of the applicaticm of the system: 

The rate for a machine, No. 312, costing £600, 
might be approximately as in the. following table. 

Inr a6 


£ s. d. 

Interest on capital at 5 per cent. . . . . 80 0 . o 

Depreciation . . 60 0 0 

Insurance .. .. : 50 0 0 

Floor Barden (rent and taxes per square foot 

of door space) . . . . . . 140 0 0 

Power 60 0 0 

Share of general supervision . . . . 10 0 0 

Waste-oU and belting, etc 80 0 0 


£380 0 0 


On account of machine No. 312, £380-»-2,400 
hours worked during the year = 3s. 2d. hourly 
machine rate for the year. 

The supplemental or variable rate is computed 
thus : The same items given above per machine are 
debited in the aggregate per shop for the week, each 
shop being credit^ with the total machine rate 
charge for all machines for the week, collected 
from the weekly summaries of job cards. The 
balance is divided by the total hours worked during 
the week by all machines in that shop, which gives 
the supplemental rate per hour, to be charg^ to 
each job over and above the hourly rate, acoording 
to the number of hours* work put into the job. 

Supplemental Rate. This system is easily 
put into practice, as fn the following example : 
Labour costs of order No. 617, Dept. IV. : 

CASE A. £ B. d. 

10 liours of machine No. 24 at 3d. per hour 0 2 6 

12 „ No. 112 at 6d. „ 0 6 0 

8 No. 425 at IB. 6d. „ 0 12 0 

3 „ No. 312 at 38. 2d. „ 0 9 6 

15 „ No. 390 at 9d. „ 0 11 8 

48 houPB* machine work total cost. . . . 2 0 8 

Add variable rate at 4* 5d. per hour for 48 hrs. 0 18 0 

£ B. d. 

Wages 10 hours at lOd. i)er hour 0 8 4 


12 

8d. 

0 8 

0 

ft .. 

, ftd. 

0 6 

4 

3 ». 

, Iftd. „ 

0 4 

6 

15 „ 

• 9d. 

0 11 

» 

48 „ 

Total wages 

1 17 

5 


1 17 6 

Percentage for general unproductive labour 
(labourers, oilers, etc.), 5 per cent. 

of productive 0 1 101 

£4 17 6i 

The value of this method of distributing manu- 
facturing expense is fully demonstrated by the next 
example, showing the costs for Dept. IV. of a similar 


order performed in another month : 

CASE B. £ B. d, 

48 hours' machine time as before . . . . 2 0 3 

Variable rate 48 hours at lOd 2 0 0 

Wages as before 1 17 5 

Percentage for general unproductive labour, 

as before, 5 per eent. of productive . . 0 1 10| 

5 19 6i 


The same order, performed in the same Dept. IV., 
but by different workmen, in another month, gives 
the result shown in next example : 

CASE C. £ B. d. 

6 hours of machine No. 24 at 3d. per hour 0 16 

12 „ No. 112 at 5d. „ 0 5 0 

4 „ No. 425 at Is. 6d. „ 0 6 0 

3 „ No. 312 at 8s. 2d. „ 0 9 6 

10 „ No. 390 at 9d. „ 0 7 6 

85 19 8 

Add variable rate at 4* 5d. per hour for 35 hrs. 0 is 14 


Wages 6 hours at Is. per hour 


Percentage for unproductive labour, 5 per 
cent, as before 



Lessons from these Examples, 

conditions revealed by these figures ate nfgiily 
interesting, and would have remained Tmsxnpeoted 
under the old methods of expense distribution. 
In Case A the variable rate was 4'6d., diowing that 
trade was good and the machines in nearly full 
work. In Case B the same job cost 228. more, 
the same workmen being employed at the same 
wa^, the increased cost being due to the heavy 
variable rate of lOd., which betrays the fact that 
many machines stood idle that month. This 
shows the bearing of trade conditions on the cost 
of production. In Case C the factors of cost 
have varied. In some cases skilled and high-priced 
labour has been introduced, showing the bearing 
of the efficiency of the workman on production cost. 

Machine No. 24 takes 6 hours of labour at Is. 
instead of 10 hours at lOd. ; machine No. 425 
takes 4 hours of labour at Is. instead of 8 hours 
at 8d. ; and machine No. 390 takes 10 hours at 
Is. instead of 15 hours at 9d. The variable rate 
is the same as in Case A, but as the machines do 
the work in less time, the machine rate for Case C 
works out at £1 Os. 8d. Instead of £2 Os. 3d. for 
Cases A and B. The variable rate in Case C is 
reduced from 18s. to ISs. lid. as a result of higher 
cffieiency of the workman. The wages, which were 
increas^ in three cases, respectively, from lOd. 
to la. per hour, from 8d. to Is., and from Od. to 
Is., nevertheless figure at £1 128. 6d. for Case A 
ns Against £1 ITs. 5d. for Case A, the percentage 
for unproductive labour falling likewise from 
Is. lOJd. to Is. 7id. In Case C the total job cost 
£3 lOs. lid. for* labour and factory buraen as 
Against £4 178. Old. in Case A, trade conditions 
being the same. Had the factory in question dis- 
tributed the factory burden by means of an even 
percentage for both classes of expense, the same 
for every month of the year, the loss would have 
been there all the same, but it would have remained 
undetected, and the greater the sales at the bad 
times of the year the greater the losses made. 

Unproductive Labour. The percentage of 
unproductive labour chargeable for each shop is ob- 
tained weekly from the pay-roll, and is pro-rated over 
the cost of productive labour for the same period ; 
the indirect charge is thus absorbed in the final 
cost of production as nearly as possible in accor- 
dance with facts. By this system of computation, 
the factory cost of a product is composed of : 

(a) The cost of productive labour. 

{h) The cost of productive material. 

(c) The machine-rate for all machines used in 
the processes of manufacture, charged for the exact 
time during which they were running. 

{d) The supplemental rate for the same num- 
ber of hours as (c), covering the undistributed factory 
expense relating to machines. 

(r) The percentage covering the cost of all un- 
productive labour unconnectra with the machines. 

if) The x>ercentoTO covering the cost of all un- 
productive material or suppOes, such as brooms, 
buckets, stationery, soap, etc., xmconnected with 
the machines, computed weekly from the store- 
keeper’s disbursement cards. 

The selling cost is found by adding to the factory 
cost the percentage of general establishment and 
commercial expense for office salaries, rent, in- 
surance, interest, depreciation on all departments 
outside the factory itself. 

System* for the Storee and Stock 
Department. The stores and stock department 
which cares for all material is one of the first to 
be systematised. Each of the two terms used for 
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material hat a definite meanii^ Stores denotes 
raw materia] and partly or wholly finished articles 
purchased from outside; whmas sioeh consists of 
finished articles or parts pianufactured by the fao- 
Umt tisdf, 

Stom are productive when they consist of 
material or parts used directly to produce stock, 
non-productive when they consist of supplies for 
factory or office, necessary for the routine work or 
for the maintenance of &e plant, such as emery- 
wheels, grindstones, stationery, files, knives, 
buckets, twine, brooms, etc. 

The Equipment. The store or stock de- 
partment consists of a room or series of rooms in a 
central position, under the control of a stock-keeper, 
who alone is authorised to make disbursements, and 
then only on written and signed requisition. 

The shelves, bins, and racks should be easy 
of access, well built, and provided with some 
mechanical device for registering di|bur8ements, so 
that the stock-keeper may know at a glance what his 
reserve Is. Counting scales and all devices which 
assist in weighing and counting out disbursements 
rapidly and with unfailing accuracy should be pro- 
vided. On the slip-in cards are spaces for inserting 
the number of the box, the date received and re- 
turned empty, the name of stores, number of pieces Or 
quantity, the factory order and requisition numbers, 
and lines for the signatures of foremen and stock- 
keeper. The stock-keeper needs a cabinet for his 
perpetual Inventory and drawers for a supply of 
disbursement and other cards. The staff con- 
sists of the stock-keeper and of one or two assistants 
without authority to authorise disbursements. 
7’he former is responsible for every ounce of material 
and every unit of stock committed to his charge 
which miist be accounted for. If there be a record 
office, no clerk will, be needed. A number of 
tmekers must be provided for the transport and 
delivery of material, and the collection of empty 
boxes, workmen being forbidden to fetch and carry 
stores or requisitions under any circumstances : 
the latter are conveyed from the shops to the stores 
department through pneumatic tuh^. 

Routine of the System* We vill sup- 
pose that the etock-keeper dfecovers by means of 
danger signals in the«shap3 of red tabs on the cards 
of his perpetual inventory that fresh stores are 
required, if there be a record office, he makes out 
a purchase order after consultation with the re- 
cord -keeper, and sends this order to the general 
manager for signature ; it is then passed on to the 
correspondence department, where it is duly regis- 
tered and simed, the duplicate order being sent 
to th3 record office. If there be no record office 
the siockkeeper merely notifies the manager of the 
purchase department, by means of a requisition 
card, giving the particulars of the purchase. 

As soon ns he receives the stores, the stock-keeper 
makes out a material received card, giving the 
number of the requisition order, date, the quantity 
and condition of the goods ; he sends this card to 
the cost-keeper, the freight and lading charges 
having been sent direct to the cost department from 
the receiving-room. The stock-keeper then duly 
registers the material received and the balance 
on hand on his pexpetual inventory card, as well 
AS on the dial or indicator as he stores ihe goods in 
bin, shelf, or rack. In the record office, requisi- 
tion cards received by the stock-keeper are fikd in a 
week*s file as they come in from the stores de- 
partment, until the weekly s^k-room disburse- 
ment and inventory reports ai^ niq4e oat These 
show the total disbursements charged toeaoh oraer, 
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and to each department, olassified as produotive 
and non-produotive, or as charge or factory 
burden. From these disbursement cards, the cost 
department compiles the factory burden and genera) 
expense summaries and computes the weekly 
machine rate and supplementary rate, the per- 
oenta^ for non-productive factory labour, which 
are then pro-rat^ on the output for the week. 
The cost clerk uses these to determine the factory 
cost and selling cost for each article on order. 

System of TimeKaeping. Labour is the 
most important factor in all ousiness undertakings, 
and figures as the lariat item in the cost of pro- 
duction. We have aheady considered, in a fore- 
going section, the advantages of a labour depart- 
ment, and the most satisfactory methods of treating 
employees. A practical, up-to-date system of 
timekeeping is required, however, for the working 
of the cost department. For want of accurate 
records of the distribution of the labour charged in 
the pay-roll among the production orders, managers 
are reduced to guessing or estimating, as it is called. 
Experience has shown the danger of such an cx- 
peaient ; the workman must furnish two kinds of 
records, but as the workman is a bad hand at 
writing, machines are used as substitutes. 

The Mechanical Recorder. The Bo- 
Chester mechanical recorder consists of a clock 
working in connection with ingenious printing 
mechanism. A card ruled for every working day 
of the week, and further divided for morning and 
afternoon, both in and out, is taken by the work- 
man on entering from the “ out ’* rack at the side 
of the recorder. He drops the card into a slot 
under the dial, presses a lever, and the exact time 
shown by the clock is printed in the proper space 
on the card, which then drops into a receptacle. 
The workman takes it out, checks the entry, thus 
preventing the possibility of argument on pay-day, 
and places the card in the “ in ” rack. Every night 
after the workmen have passed out, the time-clerk 
collects the time-cards from the rack and leaves the 
intermediate set to take their place ; one set of 
buff cards being for Monday, Wednesday, and 
Friday, the other, blue, for Tuesday, Thursday, and 
Saturday, the object of this being to enable the 
cost department to use the cards day by day, for 
the purpose of checking the job-cards. Timekeep- 
ing at the gate is entirely unnecessary and is being 
abandoned. 

The Job ■ card. Instead of the oM-time 
board, on which the men were expected to enter 
from memory at the end of the day the time they 
had spent on each job, the mechanical recorders 
are used, and the workmen is relieved of all clerical 
work. The recorder registers the time occupied 
by each operation, a separate job-card being used 
for each. The card is prepar^ before the work 
is handed to the workman, and bears his name, the 
date, order number, department number, name 
and particulars of operation to be performed, the 
schedule number of the machine or tool used, its 
hourly rate, the rate of pay of the workman, whether 
by hour or piece, with a column for extension : 
spaces are Insides provided, under ** start and 
‘^finish,” for the recorder to register the time 
expended. The workman having registered '' start'* 
pins the card up in front of him until the job is 
completed, when he takes it to the foreman, who 
examines it and punches or signs it. The workman 
goes through the same perlormanoe with the re- 
corder to register ** finish^* on that card, and again 

start ** on the new card which the foreman held 
in readiness for him with his next job. If the 


foreman be alert, not a minute need be lost between 
jobs, in fact, the latter is held responsible for all 
such intermediate loss of time. 

The foreman forwards the job-completed cards 
as he receives them from the men by pneumatic 
tube to the cost department, where they are filed 
temporarily for the day with other job-cards under 
the man*s name or number. After being balanced 
with the day time-cards, the job-cards are used 
by the record office to compile various records 
such as the comparative cost-card. From the 
records the manager can see at a glance the 
workmen who have distinguished themselves and 
proved most efficient. 

Three different labour summaries are compiled by 
the record office from these two sets of time-cards. 

1. The weekly labour summary of productive 
and non-productive labour for each department 
which is charged to that departmer ^. 

2. The total labour summary for ihs factory (this 
may be issued by the cost department if preferred). 

3. The total labour cord for each order, indexed 
numerically, which is issued as soon as the order is 
complete, and furnishes data for the detailed com- 
plete costs sheet. 

Day-rate and Piece-work. Bay-rate 
of pay by the hour is the oldest and simplest 
methem of remunerating labour ; it has the dis- 
advantage of placing the employer at the mercy 
of the workman by making the labour cost of a 
product entirely dependent on the honesty and skill 
of the workman. Piece-work carries with it ad- 
vantages and penalties ; it tends to place the work- 
man at the mercy of the employer, in the matter 
of cutting the rate, but it gives the workman the 
entire benefit of the increased output per hour. 
The evils of this system are its failure to safeguard 
the intei'ests of the workman and the demoraiisiDg 
effects of the penalties it carries ; the workman 
loses, if he be unskilful or slack in making an effort, 
and fails to make a day’s wage at his hourly rate ; 
but, on the other hand, if he to over-zealous, he is 
certain to find the rate out, the result being a 
partial or total relaxation of effort. 

The Premium Plan. The premium plan 
is the fairest of all methods in principle, and is 
already the most widely practised ; its central 
idea is an equitable division between employer and 
workman of any profit due to increased output of 
the latter. It* presupposes the payment of the 
time-rate of wages as a basis, so that to the slow 
workman a fair wage is assured without fear of 
penalty, a fixed premium being offered per hour 
saved on the standard time agreed upon for e(ich 
job. The premium consists generally of 33^^ per 
cent, or 50 per cent, (in the Halsey system), which 
works out thus : 

Supposing the standard time for a job be fixed 
at ten hours, the tables on next page show the 
working of the premium .plan on the basis of both 
33^ per cent, and of 50 per cent, premium. 

A modification of Halsey’s premium plan intro- 
duced by Mr. Jas. Rowan, of Glasgow, and known 
as the Rowan premium plan, is prekrred by many. 
This system gives the workman a premium propor- 
tionate to the time saved on the time limit. If & 
man reduces the ten hour limit by two hours, j.e., 
20 per cent., he TOts a 20 per cent, increase in 
wages ; if by three hours, a 30 per cent, increase and 
so on. Here the workman’s advantage is greater 
on the first saving of time, but deorea^ on th» 
subsequent savings, compart to the other methods, 
as the saving increases. 
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Profit-sharing schemes for the remuneration of 
labour are open to many objections, one being that 
until the mtom of frequent balances — say monthly 
—-has become universal, the benefit to be derived 
by the workman is too long deferred. Secondly, 
the profits or losses of an industrial enterprise 
depend on many factors with which the workman 
is not in the leak concerned. It is not fair that he 
should share in either profit or loss except on the 
item of cost of labour alone in the costs of produc- 
tion, a plan which has, indeed, been suggested, 
but which is too complicated in the working to 
find much favour with master or man. 

L»abour«Saving Machinery. A false idea 
obtains credence among the employers in many 
British factories that labour-saving machinery is 
a menace to the working man. This is mere 
ignorant prejudice. 

There is more scope for skill and sharp wits in 
working most machines than in accomplishing one 
manual process indefinitely. 

Labour-saving machines are not only used 
in the workshops for manufacturing, but also 
in cost-keeping for the factory ; such is the 
tabulator, to which reference has been made 
elsewhere in this 8erie.s. It is a machine which 
we owe to the genius of America ; it has proved of 
the greatest use not only in industry but to 
statisticians and others engaged in census work, 
agricultural and parliamentary returns, in which 
the rapidity and accuracy with which this electric 
machine makes computations is of the greatest 
value. In the factory all the various totab, from 
the time and labour cards or any other, can be 
added by means of this machine with absolute 
accuracy in a few seconds ; it adds up several 
columns of figures from the cards, as they aire fed 
to it, and registers the totals on a diah adding 
Bimultanebusly, for instance, the numbers of hours 
and quarter hours, and the cost of the labour in 
£ 8. d. One clerk UaUs 6ut the totals or results to 
the puncher, who transcribes the figures into holes, 
checKing them over with the chec^ and the cards 
are then fed into the machines, unless they are to 
be sorted first into groups. 

The Calculagra|>,h* most ^ prplifio 

source of error in factory cost-keeping is un- 
doubtedly the method of recording time, time beitig 
the most important element in computing the 
cost of labour. Experience has shown that the 
average clerk frequently makes mistakes in record- 
ing elapsed time by means of a pencil and clock 


dial, nor does he always subtract the time of day 
correctly when furnished with mechanical recorder 
time-cards; There is the additional danger that 
when looking over a card containing times of 
beginning and times of stopping, he will mix the 
records and subtract from the wrong finishing 
time. The caloulanaph saves 50 per cent, or 
more of the time derk’s work by registering the 
time at which the job began (much os other 
mechanical recorders), subtracting this from the 
time of finishing, and printing the difference or 
time elapsed in hours and minutes on the card 
dropped into the slot ; all the workman has to do is 
to push the card into the slot and pull a lever. 
The number of calculations this clever machine 
can make is only limited by the number of cards 
it is possible to push consecutively into the slot 
during a given time. 

The Addreesograph* Another labour-saver 
is the addresiograph, a useful machine originally 
intended, as its name indicates, for add^ssing 
envelopes or wrappers of regular correspondents 
or subscribers ; it is ti Iso adapted for preparing the 
list of names of the weekly pay-roll of workmen. 
The numbers and names of the men, with the rate 
of pay, number of department, whether prodnetive 
or non-productive, are set up in rubber type in 
small metal frames linked together in an endless 
chain. The chain, w^hen set up, is passed over 
a drum which is made to revolve by pressing a 
lever with the foot, printing the names, etc., in 
succession on a sheet ruled and printed for the 
purpose ; you may have as many chains of 40 links 
each ns you require to use with the same machine. 
The p.ay-rolls can thus be mode out with great 
saving of time. The idea can be extended and 
the machine used for a variety of purposes. 

Thexton's EnveloM Sealer and 
Stamp Affixer* This ingenious device auto- 
matically seals envelopes fed to it at a rapid rate, 
weighs and stamps them, registering on an indicator 
strip the number of letters of each denomination 
of B^mp affixed. This machine is not only a 
lahoiir-saver of the greatest value, but its register 
also forms a check on the accuracy of the postage 
clerk’s account. 

Finally there are date stamps innumerable and 
other devices W’ell known to all business men. 
The Brain Box is a useful contrivance, not for 
supplying brains to those who are deficient, but for 
treasuring up ideas, criticisms, items .of news, 
sundry data, in fact, which the busy man knows 
he may find useful some day and yet cannot cntnist 
entirely to a memory overcharged already with 
detail. Instead of jotting down the ideas in a 
note-book, they are jotted down on a leaf from the 
desk pad, A spare drawer in the desk acts as 
brain-DOx. The only accessory which has to be 
purchased is . a set of coloured guide cards with 
tabs oh which tr^tvy be written a letter of the alphabet 
or a subject.. Tte’ memos are number^ and 
. then dremped in front of the guide card bearing the 
initial of the keyword. A sheet of blue paper is 
kept direoUy in front of eaob guide card, on 
whicli are. written the keywords of the memos, 
l>eing numbered consecutively, beginning at 1 for 
each letter of the alphabet, so that you have a 
complete list of the subjects filed for reference. 
It is quicker to run your eye down the list than 
to search through the papers, and the numbers 
give a clue to the location of the particular Item 
wanted in the batch in front of tbe ^ide eard. 
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By JOSEPH 

DEFORE the advent of the little “ Turbinia,*’ in 
^ 1894, neither engineers nor the general public 

had over dreamed of the possibilities that lay in 
the steam turbine. Rotary engines in large numbers 
had been patented and mode, but they were mostly 
unsuccessful. The advantages of the rotary engine 
are that there are no reciprocating parts to be 
brought to rest, and to liave the direction of their 
motion changed twice during every revolution of 
the engine shaft. Hence, the turning effort at the 
latter is regular, apart from the equalising effect 
of a flywheel. In fact, so regular is the movement 
of a steam turbine at the highest speeds that it 
will run steadily without being bolted down to a 
bed-plate. Standing with the back to the turbine, it 
is often difficult to say whether it is running or not. 
Besides these advantages, there are the absence 
of slide valves with their friction, and of rubbing 
parts, such as crossheads and their guides, no 
crank shaft or crank j)ins with their bearings, 
and no reciprocating piston, requiring oil. And 
especially valuable in marine engineering is the 
smaller space occupied by the turbine, both in 
area and in height, in comparison with the re- 
ciprocating engines of equal power, the relationship 
being about as one cubic foot- to four. 

Water and Steam Turbinea. Though 
the water turbine had come into general use, dis- 
placing water-wheels in large numbers of cases, it 
was reserved for the Hon. C, A. Parsons to show 
how the same essential design could be utilised for 
steam operation. But steam is highly elastic and 
water is not, which fact renders several modifications 
in design and speed necessary ; but essentially the 
steam and the water turbine resemble each other. 
Each is designed in either reaction, or impulse 
types of wheels. The idea underlying the two 
classes of turbines is therefore alike, whether 
water or steam be used. In each case, instead of 
static pressure there is dynamic action, the action 
of a liquid in rapid motion operating either by 
impact, or through the 
influence of inertiai 

The differences in 
the two are these ; 
water has a much 
greater density than 
steam, and therefore 
water turbines can bo 
operated correspond- 
ingly slower than 
steam turbines. The 
latter must have a 
high velocity ; even a 
moderate velocity is 
possible only by plac- 
ing many turbine 
wheels in series. The 
high degree of elas- 
ticity of steam results 
in expansions, to utilise 
which diverging coni- 
cal jets are essential in 
simple turbine engines, 
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but are not required with water motors. And 
when turbines are placed in series they must be of 
increasing capacities to utilise the successive ex- 
pansions. Also the result of expansion is to 
produce condensation of the particles of water 
mixed with the steam, to increase the friction, and 
cut away the leading edges of the blades and 
shorten the life of the engines. Turbines thus 
differ, it will be seen, from reciprocating engines in 
the fact that the rotary motion is due to differences 
in steam pressure, either by reaction or impulse, 
instead of static pressure between piston and 
cylinder ends. 

Classification* FI team turbines may be 
classed as comx)Ound or multi-expansion ; as 
single expansion, and under a third group, which 
comprises features of both kinds, with other 
variations. The Parsons, Rateau, and Zoelly 
belong to the first, the De Laval to the second, 
and Curtis, the Reidler-Stumpf, and some 
others to the third. 

Compound Turbines. The first compound 
steam turbine, built by Parsons, in 1884, is now in 
the South Kensington Museum. Without com- 
pounding, the moderate speeds required in com- 
mercial engines would not he possible. It is easy 
to expand the steam down to 125 stages by passing 
it through one high-pressure, and two low-j)ressure 
turbines. In 1892 the turbine was first adapted 
to work in conjunction with a condenser. 

The Parsons Turbine. In this [81] the 
steam is expanded many times, passing through a 
succession of turbine rings proportion^ for small 
successive drops in pressure. The great advantage 
of this arrangement is that the steam travels at a 
very moderate velocity, and the rate of rotation is 
sufficiently slow — from 100 ft. to 300 ft. surface 
si)eed per second — to i^ermit the turbine to be 
coupled directly to dynamos, screw propellers, 
fans, etc., without the necessity for gearing 
down. Moreover, though the expansion at each 
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' fktage iR raimito in amount, the total expanRion 
oTcr the whole range is large. Actually from 
70 per cent, to 80 per cent, of the total energy in 
the steam can be delivered to a shaft coupled to the 
turbine. In view of the 


fact of great expansion, 
the value of vacuum is 
great, more so than in 
reciprocation engines, 
hence a good condensing 
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82. bladbs of pabsoks j® ^ essential part 
Tnnnnra ^ equipment of a 

steam turbine. An in- 
crease of 1 in. of vacuum above 26 in. diminishes 
steam consumption by from 4 per cent, to 7 per cent. 
In the other direction superheating the steam has a 
similar effect, and it is therefore practised. JEvery 
10® F. of superheat reduces steam consumption 
by about 1 jx>r cent. 

The design of the Parsons turbine is shown in 
longitudina] section in 81. Essentially this com- 
prises a revolving drum or shaft, a, the “rotor,'* 
of large diameter, within a cylinder, 2», leaving an 
annular space between the two, which space is 
occupied by two distinct and numerous sets of 
rings of blades. The rings, c, which project radially 
from the spindle are the moving blades, or “ vanes’* ; 
those, d, which project in- 
wards from the casing are the 
fixed or guide blades, and 
these alternate with spaces 
between. By this arrange- 
ment the friction of the steam 
is reduced to a minimum, and 
the clearances are slight. 

Action of Turbine. 

The action of the mechanism 
is as follows : Steam enters at 
one end, at the left hand of 
the figure, and travels through 
the annular space between the 
shaft and its casing. Coming 
first in contact with a ring 
of fixed blades it strikes the 
first ring of movable blades fsee the detail 82], 
causing thorn and the spindle to which they are 
attached to revolve, the relative dispositions of 
the blades ensuring this movement as in water 
turbines. The steam thence passes into the 
next ring of fixed blade.s, and is diverted thereby 
into the succeeding ring of movable blades [see 
the detail diagram 82]. And thus this action goes 
on throughout the series. 

It will, however, be notcnl 
that the spindle [a, 81} is 
made with three diameters. 
These correspond with three 
main stages of expansion, 
because os the steam con- 
tinually expands and loses 
pressure, the blades have to 
T>e larger at the low pressure 
stages. The blades them- 
selves also increase in dia- 
meter along each main stage. 

As the pressure of w 
steam woula impart an end- 
loi^ thrust to the turbine, 
this is resisted by three 
pistons, e, /, g, one corre- 
sponding with each of the 
stages of expansion. Com- 
munication is made between 
the steam at each stage 


and Hs piston through the three passages seen* 
h, and k, 

in order to help in maintaining a high vacuum, 
a new aimratus, the “ vacuum augmentor ” [88], 
has been designed and fitted to 
several turbines. It consists 
of a small steam jet 
placed in a contracted 
portion of a pipe led 
from the bottom of 
the c o n - 
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84. CROSS SECTION OF CHANNEL 
STEAMER “THE QUEEN*’ 

A. Il)^h<>prcssiire ttiibtne R. Main ateam 
to A C. Automatlo closing valre l)etwe€fi A 
and /) D. Low-pressure and astern turbines 
E. Condensers 



85. SHAFT ARRANGE- 
BCENT OF TURBINE 
MACHINEBY 
(Suitatile for warsiilps) 
A- Hiifh-power turbine 
R. lx)w.iK)wer turbine 
C. Condenser 2>. Hifi;b- 
pou'cr cruising turbine 
R. Ix>w.power cruising 
turbine 

6646 


denser. The 
jet draws 
water from 
the latter, 
and delivers 
it to the 
air pump 

through a small auxiliary cooler, so reducing the air 
to a very small amount. 

Governing in the Parsons turbines for electric 
lighting stations is generally effected by a centrifugal 
governor, which moves a small relay plunger that 
regulates the steam admitted to a relay which 
in time acts on the main steam admission valve, 
which is usually of the double beat or balanced type. 

Marine Turbines- It is a far cry from the 
little “ Turbinia ’’ of 1894 
with her engines of 2,000-h.p. 
to the vast “ Lusit-ania.” 
Step by step the suitability 
of the turbine has been 
demonstrated for tomdo 
boats, destroyers, Clyde 
pleasure steamers, yachts. 
cross-Channel steamers, the 
Atlantic liners, and big 
cruisers. The advantages 
over reciprocating engines are 
numerous, the drawbacks few. 
The saving of weight of 
machinery is considerable, 
the centre of gravity is low 
down, the steam consumption 
is less. The drawbaoks are those due to tlie high 
speed of turbines, and the relatively slow speed of 
propellers, and to the non-reversibility of turbine 
engines. In warship another difficulty lies in the 
slow rates for cniising, and the high speeds that 
would be required in time of notion. These diffi- 
culties are got over by using various sets of turbines, 
high and low pressure, and for going ahead and 
astern, each 
turbine set 
having its 
own propeller 
and shaft. 

.Figures 84 
and 85 show 
arrange- 
raent4 for a 
Channel 
steamer and 
a c r u i ser. 

The inven- 
tion of a re- 
versible tur- 
bine would 
be a source 
of fortune. - 

In the “ Car- 86. SECTION THROUGH RLAHBS OF 
mania,” one willan8*pab80N8 tub b ike 

high-jiressup ^ Poundstion rtngi R. Uaullriiig tiripf 
turbine is C. Channsi strlpi 
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placed in the centre line of the vessel, and two com- 
bined low-pressure ahead and astern turbines in the 
two winjra refri)ectively. The turbines make about 
IBS revolutions per minute. The low-pressure turbine 
casings are 14 ft. outside diameter, by 36 ft. long. In 
the “ Lusitania ** there are four shafts, each driving 
an independent propeller. On the two wing shafts 
there are the high-pressure turbines, taking steam 
direct from the boileis. ^Thence it passes to the low- 
pressure turbines on the inner shafts, and- thence 
to the condensers. There are two turbines on the 
inner shafts for going astern, making six turbine 
sets in all. The surface speed of the rotor blades is 
from 100 ft. to nearly 160 ft. per second. At each 
row of blades there is a drop in steam pressure of 
about 1 lb. per square inch. 

The Parsons turbines have been now applied to 
vessels of every class, the most notable being the 
cruiser “ Dreadnought,” and the liners ““ Lusitania ” 
and “Mauretania.” The total power of marine 
turbines only, of the Parsons type, made up to the 
present is 385,000 h,p., distriouted as follows : 
pleasure steamers, 18,2(M) ; cross-Channel steamers, 
149,900 ; yachts, 18,100 : ocean-going steamers, 
91,900 ; war vessels, 100, IKK). The total power of 
marine turbines of other types is about 16,000 h.p. 
The principal application f * the steam turbines as 
yet has l>een to marine work 
and the driving of dynamos in 
power stations. Their practica- 
oilityhasals® been demonstrated 
in the driving of fans, of centri- 
fugal 'pum|)s, of air oompressers, 
and as blowing engines. The 
total , horse- j>ower of turbines of 
the Parsons typo is nearly 
2,000,000 h.p. 

Fixing the Blades* The 

difficulties in building up the 
blades of turbines are im- 
mense. since there must be no 
risk of their working loose and 
falling out, but these difficulties 
can be fully appreciated only 
by tho.se who have seen the 
operations of buikling up. In 
the turbines of the “Carmania ” the total number 
of blades is about 1,116,000. They vary in length, 
being longer in the low than in the high pressure 
engines. They have, therefore, to be bound together 
with circumferential strips, and soldered. Each 
individual blade has to be htUd in place, caulked, 
set, and individually inspected. Afterwards there 
are difficulties in balancing, and in erection of the 
rotor within its casing. 

Messrs. Willans Ar. Robinson, Ltd., manufacture 
the Parsons turbine, with modidcations of their 
own. One of these relates to the method of fixing 
the blades, shown in 86. The blades are built 
up into segments, usually half rings, both for the 
shaft or rotor, and the casing. Each blade is 
stamped so as to form a dovetailed root or tang at 
the end which is fixed into the segment. Tlie free 
ends of tho blades are riveted into, and protected 
by, a ring or shrouding of channel section. The 
blades for a half ring are assembled by lightly 
riveting the tongue of each blade into the channel 
shrouding, and thrusting the dovetailed tangs into 
the slots in the foundation ring. The half ring is 
then placed in the groove provided for it in shaft, 
or casing, and there fixed ny means of a caulking 
strip. ARerwards, the riveting to the ohannm 
shrouding is completed. The dovetailed fitting 
at the root, with the pressure of the caulking strap^ 
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prevents tho blades and rings from risk of flying out 
oy centrifugal force. 

The De LavaS Turbine. This [OT] is a 
high-pressure or non-compound turbine. The issu- 
ing steam expands in the nozzle [88] and strikes 
the bucket of the moving wheel with a velocity 
of from 3,000 ft. to 4,0®) ft. per second, which 
wheel rotates at a surface speed of about 1,380 ft. 

E t second. The velocities of the wheels are so 
gh that reduction has to be made for driving 
purposes by means of toothed gears. This turbine 
resembles in principle the Pelton wheel, and it 
has but one circle of buckets. These turbines are 
very remarkable on account of the extremely high 
speed at which they run, making from 10,000 to 
30,000 revolutions j>er minute, according to size. 
Steam of any pressure may be used, but the higher 
the pressure tne greater the power developed. A 
remarkable feature is that whatever the initial 
pressure the expansion takes place adiabatically 
down to the pressure which exists in the chamber 
in which the turbine wheel revolves. The steam 
is expanded in the conical nozzles [88], and this 

f ives a very high velocity of outflow. Professor 
leuner has shown that if the steam is expanded 
adiabatically in a suitable nozzle all the potential 
energy of the steam is transformed into kinetic 
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energy, and that the latter corresponds with the 
amount of work which the same steam would have 
performed if expanded in the same proportion in the 
cylinder of an ordinary engine. At 200 lb. initial 
pressure, steam expanded in a nozzle down to the 

g ressure of the atmosphere has a velocity of out- 
ow of 3,116 ft. per second ; or down to 28 in, 
vacuum, of 4,127 ft. per second. Steam expanded 
in a nozzle from 280 lb. pressiu’e above the atmo- 
sphere down to 28 in. vacuum leaves the nozzle with 
a velocity of 4,229 ft. per second, or over 48 miles 
per minute ! With such a velocity the jet would pass 
round the earth in 8 hbfbs 37 minutes. A 300-h.p. 
turbine wheel which runs at a peripheral velocity of 
1,460 ft. per second, and is 314 in. in diameter, would 
travel round the earth at the equator in 26 hours. 

The Nosxlea. Much depends on the designs 
and arrangements of nozzles. A nozzle of a given 
dimension can pass only a (certain quantity of steam 
at a certain pressure. Thus [89], one proportion^ 
for steam of 200 lb. pressure will pass 479 lb. of 
dry saturated steam per hour, which foot is taken 
account of to ascertam the steam consumption of 
turbines. The nozzles are placed at a definite angle 
with the plane of rotation of the wheel — ^natnely, 
20^* Tho linear velocity of the buckets should 
be 47 per cent, of the velocity of the steam. The 
absolute velocity of tho steam leaving the buokets 
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should be 34 per oont of the initial velocity. The 
energy nbsoroed by the turbine wheel is then 
88 per cent, of the kinetic energy of the steam. 
The nozsles are only about one^sixteenth of an inoh 
away from the buckets, so that there is no loss of 
velocity. The nozzles are proportioned to the 
])rcssure of steam. Figure 89 Illustrates one for 
200 lb. steam pressure, and 28 in. vacuum. At 
the section A, where the steam enters, the pressure 
is 200 lb. above the atmosphere. It is ary, and 
free from moisture. In the nozzle, B, its pressure 
l>ecomes 1 10 lb. and it holds 4 per cent, of moisture ; 
its velocity is 1,500 ft. per second . At C, the largest 
section with 28 in. of vacuum, the percentage of 
inoisture becomes 24 per cent., and the velocity 
4,127 ft. per second. The proportion between the 
areas of the large and small sections should be 
27*2345. The steam noz- 
zles are arranged at inter- \ 

vals round the wheel, 
receiving the steam from 
a ches^ in the turbine 
rase. Each nozzle has ^ 

its shutting off valve f88], 88 . de ij^vaL NOZZLE AND 
so that it can be opened sftUTTTNG-OFF VALVE 
or closed at will, which 
j)ermits of working the turbines 
at reduced load. H ^ f| 

Flexible Shaft. Each 
bucket has to be fitted eepa- 
rote’y into the solid wheel, the 
fitting being by dovetails. The 
flexible shaft is an essential detail i 

of these wheels, without which no c ILl ItTI 

amount of balancing would pre- 
vent vibration at the high sp^ds 
of revolution. A rigid shaft 
would soon cause ruin to the at^De s^ 
bearings. Using a flexible shaft. • 

the vibrations disappear at a 90. diagram of 
certain stage. This i.s not readily TtJRB 

capable of o.x plana t ion, but the 
fact is clear from tests. At the early PWI: ' 
stages of running the shaft vibrates, but I 
at what is termed the “ critical ” sjxjed 1 | ! 1 1 j | 

the vibration ceases, and the shaft runs | | f | | 

steadily, this stage being termed the yj \l 

“ settling ” of the wheel. The shafts / j 
are small on account of the high speed, •« 

that for a 300-h.p. r.'hcel being only nfg ' I 

1 in diameter. I ill ' I 

very high speed of revolution has 1 3Jl j a ; | 
its utilities, and its drawbacks. It is ] 0 

valuable for the direct driving of dynamos, 
of cmtrifugal. pumps, and of fans. But 91 . diaoi 


90. DIAGRAM OF ClTRTIfl STEAM 
TURBINE 


reduction gear is necessary for ordinary rateau 
machinery. Boiible helical gears ore used. 

The pinion is cut in on% piece with the 
shaft, and ‘ is of hard steel, and the teeth of the 
gearing wheels are cut in a softer steel ; the linear 
velocity of the teeth is about 1,000 ft. per second. 
The regulation of the speed is by means of a centri- 
fugal governor, fixed on one of the gear wheel shafts 
which controls a double-seated throttle valve. 

The Curtis Turbine, Thh is of the 
impulse type. Groups of expanding nozzles are 
used to convert potential ener^ into kinetic energy. 
But expansion is also carried out in two or more 
stages, thus combining the principles of the two 
main types of turbines already described. The 
number of stages is governed by the degrees of 
expansion, and by the velocity which is desirable. 
Each stage is separated from the one adjacent by a 


91. DIAGRAM OF 
RATEAU TURBINE 
BLADES 


Oontilvued 


diaphr^m, steam tight, except where nozzles are 
inserteiTfor the steam to pass into the next stage. 
Figure 90 is a diagram of the relative positions of 
admission valve^ nozzles, and buckets In a two- 
stage turbine. The steam coming from the steam 
chest passes through a series of expandum nozzles: 
thence through two or more rln^ of moving 
blades, or buckets cm the rotor or shaft. Stationary 
blades on the casing redirect the steam received 
from the rotating buckets into the next set of rotat- 
ing buckets, and so on. A high steam velocity is 
thus made to impart a mocierate speed to the 
turbine. This turbine is of vertical type. The 
steam issues from the nozzles at a rate of about 
2,000 ft. per second, and the surface velocity of 
the buckets is about 400 ft. per second. The 
revolving buckets are cut out of a solid ring by 
machinery, and so are 
o ' those in the stationary 

blades, which avoids risk 
f - accidental loosening 

*f •‘•p ? of these important ele- 
^ if C ments. 

fio The Zoelly Tur« 

89. DB LAVAL NOZZLE This fa a multi- 

Stage impulse motor. It 
5 T£am ch€St comprises ahigli and low pressure 

L A A' casing, each containing about five 

elements. Steam is introduced 
into the first set of guides, and so, 
passing through the series, ex- 
' pands and loses pressure, doing 
I . work until exhaiistion takes place. 

i- ' M M Tlie high and low pressure casings 

are distinct, but on the same bed- 
number of elements 
is few in comparison with most 
w Vv turbines, and the efficiencies nro 
i i i i high. 

cuRTifl STEAM The Rateau Turbine. 

INK comprises a series of moving 

rings alternating with discs fitted 
to the inside of the casing. But it differs 

S frora the Parsons in being of what is 
termed multicellular type [91]. That is, 
the moving vanes are nxed to the peri- 
pheries of flat wheels separated from each 
other by diaphragms, which divide the 
interior of the turbine into cells. Each 
element in a single cell compasses one 
/ distributor and one moving wheel. It 
I is claimed that very considerable play 
can be left between moving parts in 
this design, which facilitates oonstniotion, 
lAM OF lessens risk as wear takes place. As 

URBINE pressure is uniform there is no 

longitudinal thrust on the moving p.orts. 
Vanes of cylindrical form are riveted 
on the peripheries of the discs, and a steel band is 
riveted to the vanes. These moving wheels turn 
between circular diaphragms povided with distri- 
buting vanes which enter ciroumferentially into 
grooves formed in tbp interior of the turbine easing. 

The mathematics of turbine engineering must 
studied in works devoted to the subject. . The real 
difficulties are those due to construction, consequent 
on the large number of buckets, the high rates of 
rotation, and the evils of wear. There are other 
turbines besides those named, but up to the prosent 
time these have been the most successful. There 
are t3rpos in America and Germany little known 
here; many engineers are also now working at 
the problem of a gas-driven turbine. 
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NON-TEXTILE DYEING dtbihg 

Broa4 Prindplet of Dyetag^. The Methods Employfd in Colouring; 8 

Leather, Paper, Straw, Grass, Wood, Chip, and Feathers coniim.»i f«». 

1M«0 6A(»t 


By HERBERT ROBSON 


' I HiS course cannot pretend' to be exhaustive, for 
* the subject itself is almost inexhaustible. It is 
obvious that there must be many omissions in view 
of the vast number of articles that are coloured 
artificially for one purpose or another. Tlie aim, 
therefore, has been to describe the methods of 
dyeing of as long a list as possible of the principal 
commercial commodities. 

It is very evident also that the scope of the 
course does not allow anything approaching a full 
account of all the processes used in dyeing such 
goods as leather, for instance, ^■olume8 have been 
devoted to this subject alone, and the aim of this 
course must be to indicate the broad principles 

lis, however elementaiy, should be"^ of service. In 
all branches of dyeing, the first thing the craftsman 
must master Is the broad principles of his art. Tin’s 
knowledge acquired, the rest is a matter of experi- 
ment and practice. 

In this article we shall consider briefly the 
dyeing of hather, piper, straw, gi'ass, wood, chip, 
and feathers ,* in the concluding articles we shall study 
briefly the processes of dyeing marble and stone, 
Sind, horn, ivory, vegetable ivory, bone, mother-of- 
p3arl, cslluloid, glue, gelatin ana soap. 

Laalhar* Leather dyeing pro|>er, carried out 
with dyes in solution, must be distinguished from 
leather painting. It is a very common practice to 
colour leather with pigments, but in this case it is 
simply a ques^on of mechanical adliesion of the 
colour to the surface, and the methods do not 
come properly imder the head of dyeing. 

In leather dyeing proper, the effect produced 
depends upon three perfectly distinct causes. One 
of these is the mechanical inclusion of dyestuff in 
the pores of the material— that is, its imprisonment 
in interstioes which nothing can reach exexipt a liquid 
In these spaces the dye is deposited in the solid 
form by the evaporation of the solvent, and is pro- 
tected from external agencies by the surrounding 
walls of leather. 

The second cause is the chemical combination of 
the dye with the leather material itself. Like wool 
imd other animal substances, leather has a strong 
affinity for certain dyes. 

The third is the production of a lake by combining 
the action of the dye solution on the leather with 
that of a mordant. When tannin or chrome is used 
in preparing the leather from the raw hide, it may 
be made to play a double part by acting os a 
mordant as well. 

As regards the dyes used, their number is very 
large, and If proper care is taken, almost any dye 
on the market may be used for leather. Some of 
tbM3m require an acid, some an alkaline, some a 
neutral balh. The choice of dyes and methods 
depends also upon the manner m which the hide 
has been tanneo. There are three principal methods. 
One is with inorganic salts, esneolally ^th those of 
chromium and von ; a aecona is with tannin from 
oak bark, or very commonly from sumach ; while 
the third is ohamoisiiig, or preparing the skin with 


an animal fat, such as fish or horse oil. It is easy 
to see that if these methods are combined, as i« 
often the case at present, in the preparation of the 
same lot of leather, the difficulties of the dyer, who 
has to regulate his procedure by the chemical nature 
of the leather, are much increased. The following 
table of analyses will show this forcibly. 



i Oak-bark 
: tanned 

Mineral 

tanned 

Chamois 


1 leather. 

leather. 

leather. 


t Per cent. 

Per cent. 

Per cent. 

Water 

.1 18-0 

25*0 

22*0 

Leather 

72-0 

ri9 0 

66*0 

Uncombiued tannin 

4'7 

— 

— 

Ash 

0-8 


2*0 

Pat 

0-8 

0*8 

10*0 

Unaccounted for 

2-8 

0*05 



100*0 

100*0 



Of the 10 per cent, of fat in the chamois leather, 

0 }ier cent, are in combination witli the hide sub- 
stance, and 4 per cent, in excess. 

These figures clearly show that tlie procedure 
must be very different for the three sorts, although 
the dyes used are practically the same in all cases, 
and dejiend solely upon the colour to be produced. 
It is often stated that the form of tannin used has an 
influence on the dye ; that sumach-tanned leather, 
for example, cannot be dyed in the same way as 
oak-bark -tanned leather. This is quite a mistake. 
The active ingredient in the tan, if not identical in 
all cases from the chemical point of view, is so from 
the standpoint of practical results. 

Dyeing Varieties of Leather. The main 
principles underlying the dyeing of the three sorts of 
leather may be stated briefly. With oak bark leather, 
or other leather tanned by natural tans, attention 
must be paid to two points — namely, the natural 
affinity for dyes of the leather itself, and the utilisa- 
tion as a mordant of the free tannin present in • 
excess, so as to save in the use of other mordants. 
With chrome leather or other rainerally tanned 
leather, regard must be had to the lake-forming 
properties of the metallic oxides present. Tliey 
must be utilised as mordants as far as possible. 

In the ease of chamois leather, we have to rely 
either upon the chemical affinity of the dye for 
leather, or upon mordanting, or to take advantage 
of both. In the first two cases, of course, the 
absorption of the dye into the pores already noticed, 
takes place, and is by no means a negligible faotcu* 
in the result. As regards chamois learner, however, 
it is in many cases necessary to remove the super- 
fluous grease before dyeing, as its presence not only 
hinders the absorption into the pores, but by forming, 
as it were, an insulating layer, it prevents due 
contact between the fibre and the ohemiealB used 
for the purpose in hand. 

l^e dyer of bark-tanned leather is dependent 
entirely upon the previous treatment It js quite 
Impossible to 'dye properly a badly tanned leather. 
The flesh side must oe perf^t or no care will prevent 



the formation of streaks and spots. The tan must 
also be uniformly distributed throuffh the entire 
mass of the leather, or the same results will ensue. 
When a leather has been dyed which is nearly but 
not quite faultless in these respects, it may seem 
unexceptionable on leaving the dyer’s han^, but 
it will be sure to develop unlevelness of shade after 
exposure to atmospheric influences. If the dyer 
finds that a sample of the leather does not aye 
uniformly after careful washing, he should retan it 
with sumach. This does a good deal towards 
securing uniformity. 

Dyes for ItfOatlior. Tan leather is dyed with 
coal«tar dyes, with colour lakes, and also with direct 
vegetable and mineral colouring matters. Nine- 
tenths of the leather dyed is dyed with coal-tar dyes. 
The number of dyes used is very great, and several 
different processes are therefore in vogue. Genuine 
russia leather is dyed black with logwood on a 
mordant of alum and copperas, and red with sanders 
wood on an alum mordant. Other colours are 
dved with anilines. Most dyers use logwood for 
black, and for ordinary leathers a tannin mordant is 
used, the full black being secured with a little fustic. 
Many, however, use nigrosine. For brown shoes. 
Azoflavine RS and Fast Brown are largely used. 

In dyeing with coal-tar colours which require 
a mordant, lactic acid, bichromate, tartar-emetic, 
yellow prussiate, and the sulphates of alumina, 
iron and copper, are those chiefly employed. Most 
of the coal-tar colours used are, however, substantive 
dyes, and the shade is regulated by the strength of 
the bath — that is. by the amount of dyestuff absorbed 
by a given amount of leather. Tannin -dyed 
leathers take neutral or basic dyes without a 
mordant, and acid dyes, if mordanted with the 
appropriate mordant. Alum-tanned and chrome- 
tannea leather take acid dyes substantively. 

The great object to be gained on tanned leather 
used for bootmaking and in upholstery is fastness 
to light. In the case of boots, the dye is, or ought 
to be, protected from weather by the usual dressings. 
Hence the dyer picks such dyes as are fast to light, 
and when possible, those which require no mordant- 
ing. It has been found that if bark-tanned leather 
is painted over with an ammonical solution of an 
alizarine, and then mordanted with alum or iron, 
a good colour can be got without much heating, 
which would tender the leather. It is found that 
the use of iron or aluminium salts as basic as 
possible is desirable, as the neutral salts do not 
easilv form Irkes with alizarines, so that a good deal 
of tne dyestuff is wasted. Basic nitrate of iron 
appears to answer every requirement in this con- 
nection, and is effectual at a temperature which 
does not exceed what is bearable by the hand. 

Dyelnn Chrome Leather. Chrome 
leather dyes directly with great ease with any 
acid coal-tar dye, the only precaution necessary 
being that the leather should be thoroughly 
wet^ before entering into the dye*bath. For 
neutral or basic aniline dyes a previous mordant- 
ing with sumach is necessary for light shades. 
For darker shades the sumach is replaced with 
fustic, and for the darkest with a mixture of 
fustic and logwood. Alizarine dyes answer very 
well for chrome leather because the material 
stands the high temperature required, which bark- 
tanned leather will not do, except by the special 
treatment ab ve mentioned. They are also par- 
ticularly goojl on chrome leather because chrome 
is the b^t mordant for alizarines generallv. Lactic 
acid is a very useful assistant mordant iot chrome 
leather if specially fast shades ore required. It 
6650 


should be pure, however, as impurities are ex- 
tremely apt to produce unlevel shades, especially 
with dyewoods or sumach. 

Chamois leather can be mechanically coloured 
by rubbing in any desired pigment. If, however, 
it is to be dyed with a substantive or adjective 
coal-tar dye, it is freed from fat by washing and 
then dyed exactly in the same way as tanned 
leather. For light shades a preliminary bleaching 
is usually necessary, and this is usually done with 
sulphurous acid and permanganate of potash. 
When the leather has become a full brown by 
impregnation ’ in the permanganate solution it is 
rinm, and put into sulphurous acid solution just 
sufficiently long to remove the precipitated oxide 
of manganese. It is then rinsed and dried. Sul- 
phurous acid alone cannot be used as it tenders 
the leather and does not bleach it thoroughly. 

Dyeing Paper. Although the mineral colours 
are largely used in dyeing paper, the artificial dye- 
stuffs are destined to take the first place in paper 
dyeing as in wool and cotton dyeing. While the 
earliest procedure was to amalgamate the dye with 
the size and thus to apply it to the paper after 
manufacture, it has now been found much better to 
dye the pulp, thereby securing the colouring of the 
paper through its whole thickness. This operation is 
oy no means so difficult as cotton or wool dyeing, 
inasmuch as it is only necessary that the colour 
should not rub off, should be fast to light, and 
should not injure the cohesion of the paper. Hence, 
the paper -maker has a very large choice of dyes, and 
as the mineral dyes are especially cheap and fast to 
light, his preference for them is easy to understand, 
although they act prejudicially upon the durability. 

The most usually employed of these mineral 
dyes are ochre, chrome-yellow and chrome-red, 
fVussian blue, ultramarine, naphite, and lamp- 
black. These must be added to the pulp (after 
having been ground as finely as possible), either 
in a pulp mill or in a vat provided with a stirrer. 
The stirrer is necessary with heavy substances 
such as red-lead, litharge, chrome-yellow, man- 
ganese, etc., on account of their great tendency 
to settle to the bottom of the vat. 

Some few mineral dyes can be actually made in 
the pulp, as, for example, Prussian blue, by adding 
to the pulp ferric chloride and potassic ferrocyanide, 
ochre by adding ferric chloride or ferrous sulphate 
and milk of lime. The. two reagents are ^ded 
in succession, and it is most important to mix the 
first thoroughly with the pulp before adding the 
second, and yet not to allow it time to penetrate 
into the interior of the fibres. Neglect of these 
precautions wfll produce want of uniformity in 
results as well as waste of colouring matter, for 
more of the latter will be required to produce the 
required depth of shade. By generating the dye 
in the pulp itself it is got in a finer state of division 
than is attainable by grinding, so that the colours 
are brighter and more uniform. 

Mineral Dyee for Paper* It is, 
perhaps, unnecessary to say that the fineness of 
the tints depends al^ upon the constitution of the 
pulp, and for pure lively colomrs the latter must bo 
carefully chosen or previously bleached. When the 
pulp contains coloured rag, it can only be brought to 
a different colour by concealing the first, and for 
this the coal-tar colours are most suitable. 

The following is a brief account of the mineral * 
dyes most commonly used : 

Med9 — Bed-lead and cinnabar. Almost dis- 
used now on account of their high specific gravity 
and of the gre&ter cheapness of aniline reds. 



Ydbwa and Oranges, Chrome-yellow, which is 
absolutely fa^t to light, is the best yellow. By 
adding reds to this, any d^ired orange hue .can he 
obti^i^^ Oohi^ is b^t ^nerated in the pulp, 
as directed above, on account of the labour required 
to nind and levigate it pro^ly. If levigated 
chafl: is used instead of qui^ime to form the 
ochre, the broth produced by the esca]^ of carbonic 
acid can be easily got rid of by pouring in a little 
petroleum. Ferric chlcmde is better than ferrous 
sulphate, as when the latter is used the proper 
colour is reached only when the ferrous salt has. 
become oxidised by the air, and for this time and 
stirring are necessary. 

Bines, Turnbull’s and Prussian blues are readily 
generated in the pulp, and are even to this day 
unsurpassed by any coal-tar colours. In using 
ultramarine, any excess of acid or of sulphate of 
alumina must be absent from the pulp as both 
destroy the colour. 

Oreens, Brunswick and many other poisonous 
greens have now been entirely displaced by a 
mixture of Prussian blue and chrome-yellow, or 
by coal-tar colours. Seventeen parts of the chrome- 
yellow and one of Prussian blue gives an almost 
pure green. Different shades are, of course, pro- 
cured by altering these proportions. 

Blacks, Of special importance for grey shades 
of black arc lampblack and graphite. 

Vegetable OTea for Paper. As regards 
vegetable dyes, logwood, fustic, and cuteh 
are chiefly used on account of their cheapness 
and comparative fastness to light. Saffron, 
madder, annotto, and indigo have been driven 
from paner-dyeing by better or cheaper products. 
Lo^ood is used either for darkening other dyes 
or for making a lake of a dirty violet hue by boiling 
the logwood extract with tin salt. This lake is 
used with iron salts for grey and black papers. 

A splendid black is secured by the following 
process : A clear solution of cutch in hot water is 
added to the pulp. After an hour a weight of bi- 
chromate of ^tash equal to one-fifth of that of 
the cutch is added, and after another hour one- 
fourth of the same weight of alum. After yet 
another interval, logwood extract and nitrate of 
iron are added till the black is deep enough. Any 
desired blue shade can now be imparted by judicious 
additions of ferrocyanide of potash. 

Coal-tar Dyes for Paper. The coal- 
tar colours are mostly soluble in water. If 
they were used for paper in the same way as 
for fabrics most of the aye would run off in the 
waste water from the machine wires. It is, there- 
fore, necessary to precipitate the dye in an insoluble 
state upon the fibres of the paper — that is, to use 
mordants, except in the case of one class of dyes, 
to be mentioned later. The size, however, con- 
stitutes a very suitable fixing medium for coal- 
tar dyes, whether it be made from rosin or wax. 

Solution of resin soap, when mixed with sulphate 
of alumina, gives a gelatinous precipitate of the 
aluminium salt of abletic acid. This precipitate 
has a great advantage over that obtained witli 
ordinary soap in that . it does not* clot together, 
but remains in a perfectly uniform and purely 
divided state. Thn is a most important property, 
because the alumina-soap precipitates act as 
mordants, and do not give a uniform tint unless 
thev remain in a state of minute subdivision. Not 
without importance, too, is the bulk of the i»:e- 
oipitate, for the sprea<^g of the dye over a large 
surface |^yee piore brilliant hues. But resin size 
has yet anomer advantage as a mordant, for it 


answers equally well both for acid and for basic 
dyCs, vdiereas tannate of antimony in cotton- 
dyoing can be used only for basic dyes. From 
the possession of this valuable property by the 
resin soap it follows that different proportions must 
be used according to the nature of the dye. 

Fixing Dyes on Paper, In order to 
test the fixing power of the size for a particular 
colour an experiment must be made, adding 
in each case 5 per cent, rosin soap to the pulp, 
then the proper amoynt of sulphate of alumina, 
and lastly the dye. The waste water from the 
machine wires should be colourless, or nearly so, 
and this test made witli a large number of dyes has 
shown that the basic coal-tar colours answer best. 

But even they will not do for a paper containing 
less size than the above unless 2*4 per cent, of tnnnin 
and as much acetfite of soda is also added to the 
pulp. This addition is desirable, even with strongly 
sized pulp, if dark shades are required. Bismarck 
BroMTi and Saffranino have, however, so much 
affinity for cellulose that the tannin and acetate of 
soda are rarely required for them. Too quick drying 
too hot calendering have a more or less bad 
effect upon most of the aniline colours and prevent 
the production of really lively tints. 

The direct cotton dyes answer splendidly for 
paper, whether sized or not, but their high price 
has hitherto caused them to he little in demand 
among paper manufacturers, except for jHipicr de 
luxe. In the first rank of them for pulp dyeing 
stand Erica. Brilliant Yellow, Chrysalnine, 
Oxyphenine, Congo Brown, and Diamine Black. 
The process of using these substantive dyes is to 
size nrst, then to neutralise any excess of acid with 
the smallest possible quantity of soda, and then 
to add the dye. If the waste water is not properly 
clear, a little Glauber's salt may be added. 

Dyeing Straw* Straw consists of the stalks of 
graases, more particnlarly the cereal grasses, and of 
Icguininous plants, such as beans and peas. The value 
of straw depends upon its length and toughness, ns 
regards the dyer’s point of view, and in both these 
resiiects rye straw probably holds the first place. 

The farmer and the dyer are not at one with 
regard to straw. With the former its chief function 
is necessarily that of being a support for the grain 
which is thus exposed to the ripening action of 
the air and of the sun. Straw from the threshing 
floor is, however, not exactly what the dyer wants’ 
From his standpoint it has been allowed to grow 
too long. It has acquired with age a closeness of 
texture and a marked colour of its own which 
make it very unamenable to his processes. It is 
also ^neraJlv somewhat damaged during the 
threshing. Tte strong oolour it acquires prevents 
any bu% very dark shades being dyed on it without 
previous bleaching and is very difficult to dis- 
charge, while the closeness and resistant nature of 
the siliceous external skin of the straw is very 
unfavourable to both bleaching and dyeing 

Straw Suttabla for Dyeing- Hence, 
straw intended for hats is obtained from 
grasses (usually wheat, which is largely cultivated 
for this purpose in Tuscany) grown solely from the 
point of view of straw production, and the plants 
are cut down before they ore thoroughly ripe. 
Hie straw is then bleach<m in the sun on grass 
exactly as linen is, with occasional sprinkling with 
water. 

If chemical bleaching is resorted to, chlorine is 
Uie most reliable agent, although peroxide of 
hydrogen or sodium answers nearly as well. Chlorine 
is apt to tender the straw, especially if ita action Is 
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unduly prolon|^d or if the straw is not well rinsed 
afterwards. I^lphur bleaching is usually only 
temporary, the straw gradumly returns to its 
original colour on exposure to air and light. Per> 
manganate has been used with success, but it is 
troublesome to work with, and requires very careful 
watching. All chemical bleaching weakens the 
straw more or less. 

PrepariniS Straw for Dyeing. The 

preliminary treatment before dyeing consists 
in softening the fibre as far as possible in order 
that the dye may penetrate. At the same time 
the process removes all grease and other foreign 
bodies which would cause unlevel dyeing, as well 
as any sap which may still remain in the straw. 
This softening is usually effected by soaking first 
in a weak lye of carbonate of soda, and then in 
water, which may be used cold, warm, or boiling 
according to circumstances. No rules can be 
given except to try cold water first, and warm 
before boiling water. A little experience will soon 
enable the dyer to tell by the feel when the straw 
has been made permeable enough. Steaming is 
sometimes resorted to instead. 

Dyewoods were formerly largely used, and in 
point of fact almost exclusively, and they are 
still in current use for the purpose, e8i)eciallv 
Brazil wood and logwood, but nine-tenths of all 
the straw dyeing nowadays is done with coal-tar 
dyes, with or without a preliminary bleaching, 
according to whether the colour is to be light or 
dark. 

Dyea for Straw* Coal-tar dyes should l)e 
chosen which are soluble both in alcohol and in 
water, as strong tinctures of such dyes can be kept 
in stock and diluted with water as required for use. 
Substantive dyes are those chiefly used, and the only 
requirements which have to be fulfilled are goocl 
colour and fair fastness to light. As examples of 
favourite dyes for straw dyeing we may mention 
Eosine, Rose Bengal, Naphthalene Yellow, Safra- 
nine. Phosphine, Malachite Green, Acid Green, 
Bismarck Brown and Methyl Violet. 

As a general rule, mordanting, when necessary, 
has to be done at the boil and the dyeing also. 
Although substantive dyeing of straw can, as a 
rule, be done without filing, it is advisable to 
boil even with substantive dyes, if great fastness 
is desired. The time of boiling varies with the 
mordant and the dye, and the mordanting and 
the dyeing may each take from half an hour to two 
hours, according to circumstances. 

Dyeing Grase. Most masses, like plant fibre in 
general, can be easily dyea in fairly durable tints, 
and all dves which can be employed for wood or straw 
are suitaole for grasses. Practically, nowadays, coal- 
tar colours are almost exclusively used and most 
of them require no mordant. The extracts of cutch, 
curcuma, the redwoods and locwood are, however, 
sometimes employed. For light shades the m-ass 
must, of course, undergo a preliminary bleaching, 
which is done exactly as with textiles, and in (ul 
cases the grass must be thoroughly soaked in 
lukewarm water before being placed in the dye- 
bath. If this precaution is neglected the in- 
equalities always existing in the texture will 
cause unlevel dyeing. 

Aniline dyes are kept by the grass dyer in oon- 
centrated solutions in water or spirit, which are 
diluted for use as required. The bath must be 
made of a material which has no action on the 
liquor. There is nothing better than stone-glazed 
earthenware or enamelled iron. The vessels used 
must be deep enough to give the g^oss full play 

em 


and to prevent any chance of damage to the stems 
After dyeing it is usually advisable to give a gloss 
to the material. It is lietter to do this as late as 
possible, as there is a danger of impairing the 
lustre if operations are carried out after the dreosing. 
The glossing agents employed are gum, preferab^ 
gum orabic, but for cheap articles, dextrin, oil, ana 
gelatin will do. Gum or oil can be added to the 
dyebath or can be rubbed in after dyeing by 
means of a rag dipped in mucilage or oil. The 
goods must be maae quite dry afterwards by 
rubbing with clean cloths. If gelatin is used it 
should be dissolved in lukewarm water with a little 
alum and soap. The solution is applied with a 
sponge. In all cases brushing and ironing the dry 
material enhances the gloss considerably. 

Dyeing Wood* Woodworkers rarely call their 
tinting processes dyeing, but rather staining. This 
distinction has arisen from the fact that in earlier 
times wood was always coloured by the use, not of 
dyes, but of colourless liquids which produced various 
colours on coming into contact with the woody fibre. 
For instance, lead salts by reacting with the cell 
contents of the wood produce colour compounds. 
This method of dyeing wood was confined to the 
production of dark shades and is now entirely 
neglected, although it gives the fastest colours. 
The reason of this is that the effect of the stain 
dcjiends upon the age and u[K)n the d€*grec of 
seasoning of the wood. 

It is, therefore, very difficult to obtain any 
given colour if we de]x*nd upon the chemical 
reactions above indicated, and nowadays, when 
rapid work is essential, the coal tar colours are 
chiefly relied upon with two important exceptions — 
fiermanganate of potash and the dyewoods. As 
is the case with bone and ivory, the colour is largely 
dependent, as regards fastness, upon penetration. 
Hence, for dyeing proper, every facility must be 
afforded for tliis ]>enctration. 

Another point is that the 'tjenctration must be 
as uniform as possible, and this can be emsured 
only by cleaning the surface and making it as 
level as possible by planing and sandpapering. 
The durabflity of the colour can in any case ^ 
greatly increased by varnishing the dyed wood 
with a colourless varnish. It is true that these 
varnishes are rather expensive, but for ornamental 
work in wood the extra expense is in many cases 
justifiable. The best varnishes are solutions of 
bleached shellac in spirit or the best copal varnishes. 

Bleaching Wood for Dyeing. A good 
bleach bath for wood is made by . dissolving 
8 lb. of pure oxalic acid, or 4 lb. of concentrated 
sulphuric acid and 3 lb. of oxalic acid, in 50 
gallons of cold, soft water, and then slowly stirring 
m 5 lb. of sodium peroxide. The bath is then 
made alkaline, if it is not already so, with more 
peroxide, or with waterglass. The wood is soaked 
in this at from 70® F. to 100® F. until bleached. 
It is then rinsed, soured in very weak acid, again 
rinsed and dried. The time required for the 
bleaching varies, of course, with the< thickness of 
the wood. A few days will bleach wood a fifth 
of an inch thick. Another bath is made from 
peroxide of hydrogen and ammonia. Neither 
p^oxide nor ammonia injures the wood nor the 
health of the worker. 

Wood is dyed by brushing over it a solution of 
the dyestuff, or by immersion in the dyebath. The 
method may be preceded or followed, as the case 
may be, W the application of a moi^nt also iu 
solution, l^e solutions may be applied hot or cold. 
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nnd liie selectibn of the temperature depends both 
upon the nature of the wood and upon the nature 
of the solutions applied. When they can be used 
cold, the resulta are cenerally more durable, but 
with many close-gramed woods, such as ash, 
walnut, oak, etc., it is impossible to get sufficient 
penetration except with hot solutions. The general 
rules to be regarded for particular colours ^11 now 
be briefly described. 

Dyeing Wood Black. Black is dyed sub- 
stantively by soaking the wood in, or by painting it 
with, a substantive coal-tar black. Any substantive 
cotton dye will answer the purpose wwl. Another 
method is to paint the wood alternately with bichro- 
mate of potash and with solution of extract of log- 
wood. It is usual here to make the first coat with 
logwood. It is essential to use the logwood first, and 
to allow the wood to dry before any subsequent 
painting with logwood. Want of uniformity is sure 
to result if these rules are not observed. Sulphate 
of copper or nitrate of iron can be substituted for 
the bichromate. The iron salt, however, gives a 
black free from the shade of green which is very apt 
to accompany a copper blainc. An excellent black 
is also got by alternate applications, whether by 
painting or by soaking, of pyrogallic acid and 
protosulphale— or, better, pyroli'neate of iron. 

Dyeing Wood Brown* BroAvn is always 
dyed with a basic aniline dye, such as Bismarck 
Brorni, or with permanganate of potash. This 
salt gives a fast brown, due to the deposition 
of oxide of manganese in the fibre, and is much 
used for staining floors and furniture made of 
deal and other pale woods. It must, however, bo 
remembered that the colour is the result of a reduc- 
tion of the potash salt, and therefore of an oxida- 
tion of certain constituents of the wood. This 
consideration shows that there is some risk of 
impairing the strength of the wood. Permanganate 
is therefore more suitable for unseasoned than for 
seasoned wood. In the former the sap-constituents 
still existing in the wood are those which undergo 
most of the oxidising action. In this way the wood 
is not only seasoned to some extent, but the cellu- 
lose, its essential ingredient, is left tmaffected. 
The sap-constituents, too, are not without their 
effect in binding the colour by forming lakes. 
Permanganate solution must never be used too hot, 
especially on unseasoned wood, ns the differences in 
affinitv will then certainly cause unlevel dyeing. 
It is also much better, for the same reason, to apply 
a weak solution of permanganate several times 
than a strong solution once or twice. 

Cutch is sometimes used for dyeing wood brown 
with a bichromate mordant, applied either before 
or after the dye. All other colours are dyed almost 
exclusively with coal -tar dyes, and It may be gener- 
ally said that all direct cotton dyes will serve for 
wpod if used with the proper precautions. The 
selection depends greatly upon price. 

Pumlng Oak, Two exceptional methods 
remain for notice. One is the darkening of 
oak by exposure to ammonia gas. The wood 
is exposed to the fumes arising from dishes 
full of concentrated ammonia solution in a 
closed chamber. Old oak is very effectively 
imitated in this way. Hie other is the production of 
a mercury red, which not only gives a very brilliant 
colour, but acts as a perfect preservative if the 
wood is not exposed to outdoor influences. The 
wood Is Boakea first in a solution of iodide of 
potassium, and then in one of corrosive sublimate. 
PHill time muH be given for the penetration of the 


first solution before the second is used. A con- 
venient stren^h for the iodide of potassium is 
1 oz. in 1 lb. ot water. The sublimate solution must 
be weaker, say one-third of the strength. I^en 
the desired colour has been obtained wood is 
thoroughly dried and then oiled and ]^lisbed. 

Dyeinc Chip. Wood chip and Waited straw, 
largely used for hats, are dyed Very simply after the 
fashion of wood and sl^aw respectively, feince arti- 
ficial silk was introduced, however, “ satin chip** is 
often used, and the unwary garment dyer who treats 
this like wood or straw, with which it is Bometimes 
mixed, is aghast at the result. Satin chip is natural, 
or more usually artificial, silk threads pasted together 
side by side with gelatin into a flat ribbon. For 
cheaper tapes, cotton, jute, or hemp are used 
instead of silk. 

Dyeing Feathers. Before feathers can be 
dyed or bleached they must be cleansed from dirt 
and grease. This is done with warm soap-and- water. 
Ilinso afterwards, first in warm and then in cold 
water. If preferred, the feathers can be cleaned with 
petroleum ether. The best bleaching agent, and one 
which does not injure the feather, is peroxide of 
hydrogen. Tlic bleaching liquid consists of peroxide 
of hydrogen of 30 per cent, made neutral with 
ammonia, so that it does not redden blue litmus 
paper. The bath is used undiluted for obstinate 
colours, but should be diluted with water whenever 
possible. It must not be stronger than necessary, 
and it can always be strengthened by adding more 
of the strong bath, some of which should bo 
reserved when the rest is diluted. The feathers 
are totally immersed, and the bath is covered up 
to keep out dust and light. It is best to put it in 
a dark place. The bleaching usually takes about 
twelve hours. The feathers are then rinsed in soft 
water, and dried without artificial heat. If kept 
well covered and shielded from light, the bleach 
bath can be used several times without renewal. 

Dyes for Feathera. The subjoined three 
dyeing methods have been found to be the best. 

A. Dye at the boil in a neutral bath with one of 
the following dyes : Chrysoidine AC crystals. 
Vesuvine 4 BC, Phosphine extra. Leather Yellow OG, 
lather Red OGR, Leather Brown 0, Safranine 
Red 0, Azophosphine GO, BRO, Fuchsine, Cerise 
GR, Grenadine 0, Safranine 0, Methylene Violet, 
Methylene Green, Methylene Grey, Malachite Green 
crystals, Brilliant Green, Coral Black H. 

B. Dye at the boil in a bath acid with sulphuric 
acid witii one of the following dyes ; Acid Fumisine, 
Orseilline RB, Bleu de Lyon RR, Cotton Blue No. 2, 
China Blue No. 2, Patent Blue VA, Fast Blue OR, 
Bordeaux GBR, Deep Black G, Fast Blue Black C, 
Naphthalene Green V, Azo Yellow cone, Victoria 
Yellow, Orange II, Fast Brown 0, Ponceau GR, 
RR, Fast Red O. 

C. Dye in a bath acid with acetic acid with one 
of the followiim dyes ; Rose Bengal GB, -Phloxino 
GO, Rosaline OB, OT, Rhodamine O, 4 G, Eosine 
AG, Erythrosine. Any mode shade can be got by 
combining those. 

The feathers are finally rinsed and dried. Thev 
arc curled over a small charcoal fire, into which 
a little sulphur is thrown when white feathers are 
being curled, and a little sugar when coloured 
feathers are tinder treatment. 

Very beautiful effects can be got by spraying 
the feathers with very minute drops from a sprayer. 
In this way different parts of a feather can be dyed 
different colours, and the varkms hues may be 
made to pass gradually into one another. 


CofUinued 
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PLANING & MOULDING MACHINES 

Trying-up Machines. Panel Planers. Four-cutter Planing and 
Moulding Machines. Vertical Spindle Moulders. General Joiners 


By FRED HORNER 


Trying-up Machines. Before deecribing 
other classes of planers which bear resemblances 
to those illustrated in the previous article, we 
have to notice a particular type of planer — the 
tfying-up machine — which is adapted for truing up 
heavy pieces of timber. Such timber is often too 
irregular and hard to pass through a roller feed 
with true results, so they are clamp^ to a travelling 
table and fed under the revolving cutters, leaving 
the planed face quite flat. The general form of the 
machine is represented in 56 — Messrs. A. Ransome 
& Co., Ltd., Newark-on-Trcnt — which shows the 
timber gripp^ on the travel- 
ling table. A, passing under 
the adze block at B (covered 
with a guard). The height of 
the adze block spindle is 
adjustable, by sliding it up 
or down the sloping housings, 
through hand, or belt, opera- 
ting vertical .screws. The 
driving of the spindle is by 
belt from the countershaft C 
at the rear. The traverse of 
the table, from 15 ft. to 30 ft. 
per minute, with a quick 
return of 80 ft, is effected 
by belt pulleys behind the 
upright, actuating a train of 
spur gears, the last of 
which engages with the 
rack on the under- 
side of the table A. 

The machine. 



56 . 24 IN. X 7i IN. SXTEFACE PLANING AND 
THICKNESSINO M:ACHINE 


are used for all classes of boards and panels of 
moderate size, are constructed to pass the timber over 
a table, above which the cutter cylinder is revolving. 
The thickness is varied by altering the height, of this 
table. In 55 , a machine by Messrs. John Mobowall 
& Sons, it will be noticed that there is a considerable 
resemblance in outline to the combined planer shown 
in the previous article [ 54 , page 6452]. The over -hand 
table is omitted, but the other arrangements are 
much the same. The raising of the table is effected 
by the inclined shaft and hand wheel, communica- 
ting by bevel gears to the vortical elevating 8orew% 
Another variety of these 
machines is the txvo-aide or 
doMe surfacer, which has two 
cutter cylinders, one above 
and one below, so that a board 
or panel is finished at one 
operation. In 68 we illus- 
trate the Whitney planer, one 
of the most successful types — 
Baxter B. Whitney & Son, 
Winohendon, Mass., U.S.A. 
The photograph shows the 
external appearance and the 
arrangement of the counter- 
shafts. The drawing [ 60 ] — 
an isometric view — gives a 
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which takes wood up to 20 in. by 20 in,, is 
adapted not only for plain, large work, but can 
be used for truing and planing a large number 
of moderate sized pieces, such as the parts of 
doors, packed together on the table. Moulding 
and grooving can also be done by replacing the 
plain adze block with suitable cutters; and in 
machines provided with additional vertical side 
spindles, carrying cutter blocks, the edges of 
timber can be planed. Some trying-up or squaring- 
up machines have a large disc holding a set of cutters, 
and mounted on a vertical spindle. The results 
turned out on these machines ^e very accurate, but 
they are rather slower in output than the types 
with horizontal adze block. A roller feed is fitted 
when necessary to the tables of iarying-up machines 
for the continuous feeding of thin boards, which do 
not require to be clamped by the table dogs. 

The surface planing and 
thioknessing machines, or panef planers, which 
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section taken longitudinally, and is lettered for 
comparison with the list of names of parts beneath, 
which are mostly self-explanatory. It may 
be mentioned, however, that the lower rolls are 
supported, and raised or lowered, upon inclined 
planes, instead of with screws, thus forming a solid 
bedding and a perfect resistance to the effects of the 
rapidly revolving cutters, which may be likened to 
a series of blows, as they strike the wood. Another 
important feature is the preamre bara^ necessary on 
such planing machines. They are placed in front 
and behind the cutter cylinders, and hold the timber 
down firmly, affording support to the fibre close 
to the Imives, so that it cannot splinter or tear 
but. The front bar acts as a chip breaker, a small 
steel sping being placed beneath it, so that 
there is no risk of tearing out the wood at 
cros^ained places. The f^ing rolls are made 
sectUmally, each being built up of a number 
of rin.gs which are fitted with spring devices, so 


that they jgve a little, and so accommodate tmeven 
timber, llie tipper cylinder comes into operation 
arst, so that the top face of the board presents a true 
surface to the subsequent rolls which keep it in 
contact with the lower cutter cylinder. 

The ca^bilitieB of the panel planer are greatly 
increased oy fitting side spindles [60]— Ransome— 
set Terticalfy, and ci^ying cutter blocks at the top 
to work the ^ges of boards, etc., ai the same time 
the surfaces are planed. Bv putting on suitable 
cutters, toiling and groovmg and moulding can 
be done. The side spindles arc adjusted vertically 
and laterally, 

Four«cutter Planers. The most com- 
plete types of machines are those which work all 
four faces of the wood simultaneously — the /o«r- 
cuUcr machines. These have the highest output, 
and a very good finish is imparted provided proper 
care is taken in working the machine. They 
embody a /^red knife in addition to revolving cutters, 57, paiTEL PLANER WITH SIDE SPINDLES 
this knife giving a very smooth surface to the work. 

But as gow results can bo obtained only by feeding block is met at B, finishing the top face. By 

the stuff past the knife at a high rate, and as this means of the hand wheel E, the ojierator can raise 

demands great power, it is more convenient to or lower the whole of the top feed rollers at once 

use a fixed knife on one side of the wood only— the for timber of different thicknesses, 

under side— working the other side and the edges The fixe<l knife at B is rapidly dulled by its 
with rotating cuttm. In 61, which gives side work, notwithstanding that the block at A 

has roughed off the outside of the timber, 
and it is therefore fixed in a removable 
drawer, that can be pulled out and changed 
rapidly. The rates of feed are variable, 
ranging from 110 to 116 ft, per minute for soft 
wood. It may bo mentioned that the fixed 
knife cannot be applied snocessfully to cut- 
ting hard woods. It is set angularly across 
the machine to give a shearing out, and the 
pressure rollers above it are placed to cor- 
respond. An extra cutter spindle is some- 
times added at the delivery end for sticking 
a light beading on the top of the plank or 
board. A shavings cutter is a useful adjimct 
to a machine having a fixed knife ; it com- 
prises a hopper containing revolving cutters, 
which out up the long shavings into short 
portions, that can be readily sucked up by 
a pneumatic exhausting system. 

Rapid Planers. The lightning or 
rapid planers are a special class, using a 
fixed knife only. The work is carried over 

68 . 





elevation and end view of a 16 in. by 0 in. four- 
cutter machine for heavy work — A. Ransome & 
Ck>., Ltd. — the respective positions of the cutters 
are indicated at A, B, G and D, these let^s being 
put on the timber for clearness. The timber is 
fed in at the right-hand end, first by two 
pairs of lar^ serrated rollers, driven by 
gearing, and weighted tlirough balanced 
lovers. On arriving at A, the wood is 
attacked by the bottom cutter block 
there, which trues the under side. Passing 
on to B, the fixed knife is encountered, 
this finishing the nndor side. A series of 
pressure rollers are placed above A and B, 
each roller being provided with an inde- 
pendent weight, so that any irregularity 
is aeoonunoaatkl. Other large feeding 
rollers at the centre of the machine con: 
tmue to oairy' the timber on and past 
vertical cutter blooks at C, which plane 
or mould the edges; weighted pressure 
rollers ^ping the wood down at this 
point Finally another horizontal adze 


of planing done is that on box libards, lap boards, 
blind laths, which are light, and which require only a 
thin shaving off to produce a highly finished surface. 

Four • cutter Moulders. Four - cutter 
machines, designed for producing mouldings only, 
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resemble tbe planers in many respc 
but the fixeid knife is not used, 
good idea of a moulder can be 
tained from the drawing 
Sutoliffe & 8014 Ltd., 
a 16 in. by 4 in. machine in elevation, 
plan, and end view. The cutter block 
spindles arc at A, B, and C for bottom, 
edges, and top respectively. The fluted 
fera rollers, situated under covers at D, 
can be driven at any of six different 
rates, from 18 ft. to 70 ft. per minute of 
feed, the variations being produced by 
sliding spur gears, as seen. The wood is 
held firmly to the cutters by weighted 
presawrea, which can be adjusted to suit 
requirements. Ck>mbined planing and 
moulding machines are employ^ for 
either class of work, as desired. 

The spindles of these planing and 
moulding machines run at a very high 
rate-, ranging from 4,,500 to 5,500 revolu- 
tions per minute, and the cutters must 
be very accurately balanced in order to 
produce true work and to avoid damage 
to the machine through irregular running. 

‘ ' ■ ith 



60. SECTION AL VIEW OP DOUBLE SURFACE R 
A. Upper cylinder B. Lower cylinder O. First upper infeed roll 
D. Second up|>er infeed roll E. First lower infeed roll F. Second lower 
infeed roll G. Third upper feed roll H. Fourth upper and outfeed roll 
J. Fourth lower and outfeed roll K. Third lower feed roll L. Guard 


The bearings must also be good, witi 
ample surface, and making a close fit M. pretwurC bar for upper cylinder N. Front pressure W for upper 
witiiout shake, which is fatel to accurate O' Lower front ,.re»ur. 

results in planing or moulding. 


Vertical Shaper. The vertical spindle 
moulding machine, or shaper, is a very different 
type from the foregoing. It has either one or two 
spindles, projecting up through a table, on which 
the work is laid. The spindle carries a moulding 


driven by half- twist belts from the countershaft. 
Each henidstock carrying its spindle is adjustable up 
and down in slides, the ^justment being obtainable 
by turning the hand wheels at the front. The treadle 
in front, near the ground, enables the operator to start 




iron, and as the work is traversed past, it cuts the 
surface into a form corresponding with that of the 
iron. A fence guides the wood in a straight line. 
Figure 62 shows a double-spindle machine by 
Messrs. Thomas White & Sons, Paisley, from which 
it is seen that the spindles AA have long pulleys 


and stop the machine by shipping the belt on the 
fast and loose pulleys at the countershaft. Con- 
centric rings are fitted into the table around the 
spindles, to allow of putting on differently-sized 
cutters. The object in having two spindles is to 
enable curvilinear work to be done expeditiously, 

by using one or 
other of the 
spindles, which 
revolve in oppo- 
site directions, 
according to the 
way wmoh the 
grain runs. 
Otherwise clean 
work cannot be 
ensured. If the 
machine has only 
one spindle, that 
has to be re- 
versed, and a 
different cutter 
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block also put on, or e'se double-edged outtere 
are used. The working of curyes is effected 
by using a template of the correct outline, placed 
beneath the moulding, and bearino against a ring 
encircling the shaper spindle, l^e template can 


encircling the shaMr spindle. Tne template can 
often be dispensed with and the moulding alone 
brought into contact with the mide-ring, or collar. 
It is best to fit a guard over the reyolving cutter, 
as a protection to the operator. A 
OB'ge made of strips, or of netting, 
completely covers in the top and 


sesses a greater range than the foregoing, is made 
with an overhanging arm supporting a vertical 
spindle, below which a large table is located. In 
this design the work can be passed under the tool, 
r id operations be done on the central portions of a 
i. Dard or panel, such as raising or recessing various 
patterns, cutting grooves or trenches, in string boards 
for stairs and shelves. The table can be moved 
about freely to carry the work, and is fitted with 
fences. 

In the most complete machines a vertical 
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shaping spindle is included, projecting 
up through the table, by which ordinary 
mouldings can be worked. The term 
vafieiy moulding machine is commonly 
applM to this class. In some cases the 
overhanging arm is fitted with a hinge at 
the back in order that it may be turned 
over out of the way when not in use. A 
very useful application of the vertical 
spindle is that of preparing core-boxes 
for patterns, the recessing being done 
accurately and much more rapidly than 
by hand methods. 

General Joiner. The general joiner^ 
or univeraail joiner, or comTpkte joiner is a 
combination machine of great utility in 
situations where a number of separate 


the sides as far down as the work will allow. There machines cannot be installed. It combines [59] — 

is then no risk of the workman getting his fingers Thomas Robinson & Son, Ltd., Rochdale — a circular 

caught through the wood slipping. saw, with rising and falling spindle, with which 

A special attachment for cutting dovetails is often sawing, tonguing, grooving and rebating can be 

fitted to these shapers, comprising a clamp, which done, a band-saw a^aratus with 24-in. pulleys, 

hokU the wood vertically, and presents it to the a four-side planing and moulding apparatus, taking 

dovetail cutter on the end of the spindle. The timber up to 12 in. by 4 in., a vertical spindle 

pitch of the dovetails is determined by a template for circular moulding, and a tenoning apparatus, 

plate, having notches which lock the clamp at Boring may be done also by attaohmg a bit to 

definite ikwitions while the cutter is at work. the tenonmg spindle. All the motions are derived 

Another class of moulding machine, which x> 08 - from pulleys at the left-hand side. 

Cmtinued 
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THE SCIENCE OF NAVIGATION 

The Instmineati Used. The Prioctples of Kavigation and 
the Se?eimi Methods of Determining Latitode and Longitude 


By J. P. LORD 


— mstruments commonly employed by the 
^ navigator, and which are regarded as essential, 
ore the mariner's comfoss, the dtronomeier, the 
sexfanl, the astimulh comnosa, and a set of charts. 
To these must be added a Nautical Almanac for 
the current year, a set of tables, preferably those 
by None, a complete set of azimuth tables, by 
Burdwood & Davis, a set of Admiralty tide 
tables and other papers issued by the Hydro- 
graphical Department for the guidance of mariners, 
a Napier’s diagram, parallel rulers, stationery, etc. 

The mariner’s compass is a 


adjustment h perfect, but if not, the horiion must be 
moved by its screw tUl the line is unbroken. If there is no 
screw for making this adjustment, then the index error of 
the instrument must be taken. Bet the index near 0, hold 
the sextant vertically, and look through tdesoope and 
heriion glass at the horiion. If the line is not perfei 

the tangent screw of the index till the line ' 

then read the graduations on the arc, the 

the index error to be added to all computations If it is 

off the arc, and to be subtracted if it is on the arc. 

Index Error by the Sun. More advanced 
mariners will obtain tiieir index error from the 
sun by the following method : 

Irlaee the index to STOUt SO' on the arc. Hold sextant 


32 points, hidf points and quarter points and also 
into 3(K) degrees. Fixed to this card below is one 
or more small steel bars, magnetised, with the 
north pole of the magnet to the North point on 
the cai^ The whole is then balanced on a sharp 
point and enclosed in a copper bowl, which is 
swung on gimbals to keep it nearly horizontal 
when the snip is pitching, and rolling. 

The azimuth compass is similar to the marine’s 
cempass, but is constructed with greater occur^y. 
It is fitt^ with sight vanes for t^ing bearings of 
distant objects, and is placed on the ship in a position 
which permits it to sweeprthe horizon; 

The chronometer is a clock as nearly perfect as 
the weakness of man will permit It is used to show 
the time at Greenwich at any given moment. It is 
arranged not to stop while being wound, and is 
adjusted so os to gain but a fraction or lose but a 
fraction of a second a day. 

The sextant is used for taking vertical and 
horiaontal anglM. Its main construction will have 
been describe In the articles on surveying, but the 
s^lor must know how to adjust it himself. Essen- 
tially it consists of a graduated arc bearixm a 
telescope and a fixed glass called the horizon g&ss. 
Attached to the apex of the sector is an arm which 
bears an index and vernier for reading the an^e 
on the arc, and which also carries another glass, 
known as the index glass. The index arm and 
glass are movable, but can be clamped at any 
)X)int. When an object is looked at tnrough the 
telescope, with the index of the arm placed to zero, 
if the instrument is in adjustment the object appears 
normal. 

The adjustments of the sextant are three in 
number, and are as follow : 


edge to ed^ bv the tangent screw, rea9^ the arc and note 
down the reading. Now place index at SO' off the arc and 
do the same thing, and write down the second reading. 
Subtract the smaller reading from the greater, and divide 
the remainder by two. 

The result is the index error. To prove that you 
are accurate in your observations, add the two 
readings toother and divide by 4. The answer 
should be the sun’s semi-diameter for the day, and 
should agree with the figures given in the Nautical 
Almanac. 

CompMS Corrections. Iron ships are liable 
to cause the compass to vary, the error or diff^- 
ence from the correct magnetic points being called 
the deviation. The errors set up are of varying 
kinds, some being due to the fore-and-aft iron, some 
to the vertloa], and some to the transverse irpn, 
while again evmry iron vessel has a sub^permaneut 
magnetism set up during her hnOding. All these 
can be corrected for any one spot, but correction 
for the whole of the globe is outside our power. 
The modes of adjustment are as follow : ’ 

To correct for Mmicirciilar deviation caused ' ^by •hipi't 
own magnetism. See that vessel is upright. Put her head 
correct magnetic N or 8, and place a magnet eitherbefore or 
abaft the oompass, pandlel to the thwartship line, with 
its centre on the fore^sud-aft line, and the red end on the 
same side as that to which the oompass North is drawn. 
Hove the magnet to or from the compass tiU the compass 
needle points correct magnetic N. Swing ship correct 
B or W, and place magnet either on non or starboard 
side of compass, parallel to the f<»e-ana-aft line, with its 
centre on the thwartship line and red end on side to which 
North point of compass needle is drawn. Hove magnet as 
before tUt needle points correctly and ship’s head is correct 
magnetic B or W by oompass. The deviation from ship’s 
sub*pennanent magnetism is then corrected. 

To correct for semicircular deviation caused induced 
magnetism in vertical soft iron. Put ship’s head due 
magnetic E or W, and place a Piinden bar or bar of soft 
iron vertically on the fore-and-aft line, before the oompass 
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the instrument. Set the index about the middle of 
the arc, bold the sextant face up, and arc from you, and 
look into the index glass to see if the true and reflected 
arcs are in one unbroken line. If they are, the instrument 
is correct, bnt if not, the« 0 MWs at the hook uf the index 
gloss frame must be tamed till the arc forms one clear line. 

(2) To set the horizon Aplaas perpendicular to the plane 
of the sextant. Set the index to 0. Hold the sextant nearly 
hprimntal and look through the telescope «sd horizon glass 
horiion. If the giM Is perpendicalar to the plane 
of the instrument, then uie true and reflect^ parts of the 
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the compass till ship’s head is ooixeet magnetic B or W by 
the compass. 

To oorrect for quadrantal deviation caused by Induced 
magnetism In boriiontal soft iron. Put ship’s bead on, one 
of quadnntel^poliitB, NB or SW tsotreot magnetio, for 
instance, and place soft Iron balls on ea<fli side of the oom- 
psss in aJine .exactly -at susgles to theiore-andaft 

midship line of the ship. Hove the oorreotois to and from 
the compass till the ship's head and compam agree. ThU 
correction does not vary bv change of position on the 
earth’s surface, and so ship’s standard am 
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through the telmoope at the horizon. If the true and 
reflected parts of the horizon are in one strait Um the 


em 


On every ship are to be found tablee of the 
deviatioa of the oompass on the principal points. 
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and these are continually being checked by obser- 
vations. The deviation tables so constructed are 
in daily use on every vessel when determining the 
ship's position. 

Rule of Thumb. The art of navigation as 
practised at sea is really simply the application of 
n number of arbitrary rules, deduced oy mathe- 
maticians, and the rules must be learnt by heart for 
very few sailors could possibly tell you how the 
rules were obtained, or how their accuracy can be 
proved. Every sailor who becomes an officer 
must be able to use logarithms. That is to say he 
must bo able in the tables to find the logarithm of 
anv number or angle and add them together or 
subtract them as the case may be, and then again 
from the tables to find what number or angle the 
logarithm is the logarithm of. He has to make use 
of sines,, cosines, secants, and other trigonometrical 
functions without knowing what they are. He 
merely depends on his tables. He will find the 
logarithms of common numbers on Table 24 in 
“ Norie’s Tables,” or in Table 64 in “ Raper’s 
Tables.” Throughout this article we shall assume 
that the student has access to Norie's Tables,” 
as they are the ones most generally used. 

The first process a navigator must learn is how to 
find bis position by dead reckoning — that is to say, 
by taking the courses on which the ship has sailed, 
and the number of miles she has travelled over 
each, making allowances for deviation and varia- 
tion of , the compass on courses steered and for 
currents and leeway. This is known as the day's 
work. 

The Work. The day's work starts 

with a bearing or departure course. When a ship 
leaves the land this is usually a point ashore ; when 
as sea it is the position on the previous day, or 
when last sights were taken. 

The Bearing or Departure Course. 

the given bearing and reverse it; consider 
the number of points it is from North or South and 
turn them into de g r ees . Then allow the deviation 
for the direction of the ship's head. Easterly 
deviation, is allowed to the right hand, and westerly 
deviation to the left hand. After this allow the 
variation — easterly variation to the right hand, 
and westerly to the left. The result is regarded as 
a true course and is entered as such in the traverse 
table with the distance of the object from which 
the bearing was taken. After the first day this 
need not m done, for the course the ship is on is 
the departure course for the day. The courses 
on which a vessel sails each hour are entered in the 
log book, with the direction of the wind and the 
leeway made. From the deviation table of the 
ship the deviation on each course is entered in 
the log, and from the Admiralty chart the variation 
of the region is also entered, care being taken to 
enter any change in the variation. This is done 
bv the officer , of the watch, and at noon neairest 
after sailing the day's work is continued. 

Take the first course sailed and correct it for 
leeway — if on the port tack to the right hand ; 
if on the starboard tack to the left hand. After 
this allow the deviation and variation as above 
for the departure course, and the result is the true 
course sailed. If it is over 90^ subtract it from 
180 and change N into S or S into N, keeping it E 
if originally E or W if W. 

Do the same with each of the different courses 
sailed. Then take the current course and allow 
le variation on it, for the set of the current 

affected by 'deviation. 


When all these courses, are corrected enter them 
one under another in the traverse table. Then take 
the distances sailed over each course and enter it in 
distance column of traverse table. Next from 
Norie Table 2 take out the D. lat and dep. for each 
course and distance sailed and place them in their 
respective columns, and thus the traverse table is 
completed. 

Add up N column and S column and subtract 
the less from the greater ; the result js the D. lat. 
of the same name as the greater. Add up the £ 
column, and then the W column and subtract the 
less from the greater ; the result is the dep. of 
the same name as the ^eater. Dep. stands for 
departure, D. lat for difference of latitude, and 
D. long, for difference of longitude, for the meaning 
of which see dictionary following this article. 

Now find latitude in. Write down Lat. left, 
that is lat. of point of land, or lat. of ship's position 
when last day^s work was made up, and toIow it 
place the D. lat., previously bringing it to degrees 
if neceasary. If D. lat. and lat. left are same name, 
add them together; if contrary names, subtract 
them. The sum or the remainder is the lat. in, of 
the same name as the greater. 

Now find Middle lat. (Mid. lat.). Bring down lat. 
left below the lat. in, and if of same name, add ; if 
contrary names, subtract less from greater, and 
divide sum or remainder by 2. This gives Mid. 
lat. 

Then find D. long. Turn to Table 2 (Norie\ and 
with Mid. lat. as a course, and with Dep. in D. lat. 
column, the number in the Dist. column is the 
D. long, of the same name as the Dem If the Dep. 
is very large and cannot be found in D. lat. column, 
divide Dep. by 2, proceed as above, and when a 
result is obtained multiply it by 2 to give D. long. 

Or find D. long, by parallel sailing. Add together 
the log secant of the Mid. lat. and the log of the 
Dep. ; the result is the log of the D. long. This is 
the most accurate method, and should alwa 3 r 8 be 
used in high latitudes. 

To find the long, in, write down long, left, and 
below it place D. long. : if of same name, add ; if of 
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Explanation ; Column to extreme left Is used for asoer- 
tainlng the corrected course. 

Upper table la the extract from the ship's log. H is 

‘"Xoi^f^lis’tfaverse table r^e out as given in the text. 
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oontritry names, subtract. The sum or remainder 
is the fooff. in of the same name as the greater. 
If longitude is greater than 180, subtract from 360, 
and call remainder Long, in of an opposite name 
to Ijong. left. 

You have now found your ship's position, having 
her latitude in and longitude in, and on the chart 
vou can find how many miles she has niade good, 
but it is better to do so as follows. The course is 
on the top of the page when D. lat. in traverse table 
is greater than Dep., and on the bottom when it is 
less. In Table 2 look for a page on which your 
D. lat. and Dep. correspond, or very nearly so, with 
those printed. The distance will be found alongside, 
and the course on the top or bottom' of the page 
as explained. You thus have course and distance, 
which can be used if you like as a true departure 
course for next day. An example of a day's work, 
with the entries in the log, is shown on the previous 
page. 

Latitude by the Sun at Noon. This is 
an everyday operation at sea, provided the sun is 
visible at midday. To obtain the altitude the sextant 
is used. ThS observer stands facing the sun at about^ 
but rather before, the estimated noon. He holds the 
sextant vertically, and looks through the telescope 
and horizon glass at the horizon. Then he moves 
the arm of the index till he sees the reflection of the 
sun just touch the horizon. Several times he will 
have to move the glass, for the sun vdll seem to 
shift its position. At last he will hit the moment 
when the sun seems just stationary on the horizon, 
and then starts to dart away. At that instant he 
clamps the index. It is noon. A reading of tne arc 
will then give the observed altitude of the sun. 

Now find Greenwich time. Write down year, 
month, and day, P. hrs., P. min., P. secs. Turn the 
longitude into time by multiplying by 4 and 
dividing by 60, and place it below Oh., Om., Os. 
If West long., add t if East, subtract Result is 
Greenwich apparent time (or G.A.T.). 

To Find Correct Declination. This 
enters into very many problems and the student 
must gain great facility in working it. Take out 
decl. for Greenwich day and variation for one hour, 
which mul^ly by the hours and tenths of an hour 
in the G. A.T., paying attention to the proper malung 
of the decimal point, divide by 60 if necessary; and 
result is tbe correction of the declination. If the 
d^Iination is increasing, as seen from the Nautical 


-the greater of the apd d^linxtion., W^ 
below an example , of this method for the ptudehl to 
‘examine. 

Example. On September 22nd, 1808, in Long. IIG** $0' 
W. the obser^d altitude of sun’s lower limb at noon was 
82* 10' 25% bearing K Index error 2' to subtract ; height 
of eve 17 ft Want9d latitude. 
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Parallel Sailiiig. Three factors enter into 
problems in parallel sailii^ — ^namely: (1) The dis- 
tance between two meridians on a given parallel of 
latitude, which is Dep. or fneridian distance ; (2) the 
latitude pf that parallel, which is latitude ; and (3) 
the distance between the meridians on the equator 
or D. long. Any two of these being known, the third 
can be found by the following formulae ; 

Example. A ship sails doe east 208 miles from Sandy 
Hook Light, in latitude 40** 28' N, Long. 71** 50' W. What 
Longitude does she arrive at T 

Log departure 2*818887 

Log sec. Lat. . . 10 *118789 * 

Log D. Long. 


D:Long 4* 8(KS. 

Long left 78** 60'W. 

D. Long 4* aO'B. 

Long in is 89** 

Log D. long., equals Log Dep. added to Log sec 
lat. 

Log Dep. equals Log D. long, added to Log cob 
lat 

Log cos lat equals Jx>g D. long, subtoaoted from 
Log Dep. 

The logarithms of all these factors can be found 
in the tables, and when an answer is found the 
number of d^rees and hour corresponding to that 
log can also be found in the same tables. 


The result is the "correct 

latitude varies proportionally to the opening out of 
the meridians. The only problem in this species of 


rule. "^Look out the^* dip " for the height your eye 
was from the sea in Table ii (Norie), and a1wa3r8 
subtract this. Look out “ Refraction ” in Table 4 
(Norie), and always subtract this. Look out “ Semi- 
diameter of sun for Greenwich day on po^ 11 of 
Nautical Almanac. If lower limb was observed, 
add ; if upper, subtract. Look .out **Corfeotion for. 
parallax " in Table 6, and add this always. The 
result is the true altitude of the sun. 

Next find Zenith distance," or Z.D. Subtract true 
altitude from 90, and mark remainder of opposite 
name to "sun's bearing” — that is, *.1). Now 
find latitude. Below z.D. put corrected deoL If 
z.p. and decl. are of same name, add them ; if 
different names, subtract. The sum or remainder is 
the latitude, which is always of same name ks 
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tttde are known. 

The rules for working this problem are as follow : 

Find D. 1st. by tubtraetlng the lets of the two 
latltadei from tbe oester If of the same name, and adding 
them both If of dwerent names. Multiply the degrees in 
the answer by 80 and add in the miles. Tbe result Is R. lat. 

Find meridional difference of latitude, or M.1). lat. I'rom 
Table 8 (Norie). take out the meridional parts for the 
two latitodes. Latitudes of the same name snbteadt; of 
different names add. Result Is the M.R. lat. 

nnd the D. long. Longitudes of same namasnbtraet; for 
different names add. Bring result Into miles and call it 
D.lpng. 

To TOP OOUBSB. L*» D. long;, with index In- 

ofMtfed by 10, sn^et log of mTI). lat. Answer is Log tan. 
of true oomse. This mustbe taken out very exactly. 

To Fiirp DxsTiycni. To Logsecc^ true course, taken out 
to seconds, add Lm B. latT^er '" ‘ 

indM of 1^ is the i^of th^ 
used in naming tbe oomse* 
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Example : On September 22nd, 1898, at dh. Om. p.m. 
^parent time on ihip, In lat. 50* 80' 8., long. 100* 24' S(r W. 

sun set by compass 8. 75 ’‘ W. Required true amplitude 
and error of compass. If variation is B., what is devia- 
tion for the then position of ship’s head ? 
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True amplitude W. 0* 0' O'S. 

Observed amplitude W. 15 0' O'S. 

Compass correction 15** 0' O'E. 

Variation 20* 0' O'E. 

Deviation 6* 0' O'wT 

To Find the Compaea Couree. The oom- 
paas course is the course shown by the ship^s compass 
when the vessel is really sailing along a true course. 
Take the true course and below it plaoe the varia- 
tion. If variation is west, allow it to the right ; if 
east, allow it to the left. Result is magnetic course. 
Below magnetic course place deviation, and if it is 
west, allow it to the right ; if east, allow it to the 
left. The result is the compass course, or the course 
to bo given to the helmsman. 

Amplitudes. The principal object of taking 
an amplitude is to obtain the error of the compass. 
The exact bearing of a heavenly body either just as 
it is rising or setting is taken by the compass and 
written down as the observed am^itude. Now find 
Greenwich apparent time (or G.A.T.) as in the day’s 
work, only, instead of hours, minutes and seconds 
being PO, 0, 0, they will be the actual time. If^ 
a.m., add 12 hours to the time and take off one 
day of the date. Next find true declination as be- 
fore. To find the true amplitude to log sine or sin 
of true Dec., add log sec of lat. ; the sum, rejecting 
10 from index, is log sin of true amplitude. li 
a.m., name it E ; if p.m., name it W. If Dec. is N, 
name it N ; if S, name it S. 

. Having got the true amplitude, compare it with 
the observed amplitude, and then the difference 
between them is the error of the compass. The 
variation for the latitude is known from the chart, 
when the error has been corrected for variation, and 
what remains is the deviation. 


Asimuth. To find true azimuth, the navigator 
must be equipped with azimuth tables, and have 
access to a good azimuth compass. By looking 
through the sight vanes of the azimuth compass, he 
takes ^e bearing or the object, be it sun or star, 
and reads on the card the observed azimuth. At 
the same time he takes the time on ship. Next he 
finds the Greenwich mean time (or G.M.T.) as follows. 
Write down year, month, day, hours, minutes, and 
seconds of ship time, and if it is a.m. at ship add 
12 hours, and take off a day of date. Turn longitude 
into time, and if it is W., add ; if E., subtract. 
Result is G.M.T. Find the equation of time from 
page II of the month in Nautical Almanac for the 
Greenwich day of the G.M.T., and also the varia- 
tion in one hour of the same day from pO'EG 1 of the 
same. Multiply the variation in 1 hour by hours and 
tenths in G.M.T., and add result to the equation if 
it is decreasing. This gives true equation. Find the 
true declination as before. 

To the time at ship apply the corrected equation 
of time. The result is the apparent time at ship. 

Now take the tables of azimuths and enter them 
with the latitude, and be careful to notice if the 


latitude and Dec. are of the same or of different 
names. Then opposite apparent time at ship will be 
found true azimuth. This is named the same ns the 
latitude — E in morning and W in afternoon. This 
compared witn observ^ azimuth will give the com- 
pass connection, and thence the deviation, the 
variation being known. 

Lrongitude by Chronometer. The lati- 
tude is generally taken daily at noon, whenever 
practice me, and to get the latitude at the time 
sights are taken fur longitude by chronometer. 
The navigator must find the D. lat. as in the day’s 
work, up to the time he is going to take sights. 
If a.m. change the name of the D. lat., and if p.m. 
change the name of the dep., which he will also have 
to cS.Q out. After which get latitude in and D. 
long., as in day’s work. Now take the altitude of 
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need only to be brought to touch the horizon, and 
the index arm clamped. At that moment the 
time by the chronometer is noted. The arc of the 
sextant is read, and the reading noted down as 
observed altitude. The chronometer time w also 
noted down. The navigator first turns his atten- 
tion to the chronometer time. He turns this Into 
astronomical time and applies the error of the chro- 
nometer, either gaining or losing as the case may be. 
Now from observed altitude he obtains true altitude 
as in lat. at noon, and gets polar distance and equa- 
tion of time from the tables. Next write down the 
true altitude, below it place the lat. and polar dis- 
tance. Add the three together and divide by 2. 
The result is called half avm. From half sum sub- 
tract true altitude. The result is remainder. From 
Table 25 take out the following logs to seconds : 
Log sec of latitude, log cosec of polar distance, log 
cos of half sum and log sine of remainder. Add 
the four logs together and cast out the tens in the 
index. Look out the log in Table 31, and it 
will be found to be the hour angle, or time from 
the nearest noon. 

Now if it is a.m. on ship, subtract hour angle 
from 24 and deduct a day from the date ; if p.m., 
put hour angle as time with same date as on ship. 
This gives us apparent time on ship. 

Find mean time on ship. Below apparent time on 
ship place corrected equation of time and a^ly 
it as indicated in almanac, page 1 of month. The 
result is mean time on ship. 

Now find longitude. Below mean time on ship 
place mean time at Greenwich, putting down days 
as well as hours. Subtract the less from the greater. 
The remainder turned into degrees is the longitude of 
the ship at the moment the sight was taken. If the 
Greenwich time is less than ship time, longitude is 
E., if larger longitude is W. 

LottRlUide by Chronometer and 
Aaimuth Combined* This is not a very 
popular problem with officers, but is required by 
the Board of Trade for examination purposes, 
so we shall indicate how it is obtained. Proceed 
as in longitude by chronometer till the true altitude 
and polar distance have been found. Find half 
sum, and the remainder, which call chronometer 
remainder. Obtain sun’s hour angle from Table 31 
as before, and thus get longitude. Now sub- 
tract the polar distance from half sum, or half 
sum from polar distance, and call azimulh remainder. 
Add together the log sec of altitude, log sec of lati- 
tude, log COB of half sum, and log cos of azimuth 
remainder: cast off 20 from the sum of the indices 


and divide the rest of the sum of the logs by 2. 
Result is the log sine of half the true aaimuth, 
which take out from Table 25 to nearest half mile. 



nad multiply by 2, The result is the true aeimuth. 
On the left hand of the azimuth put-N. if latitude is 
S and S if latitude is N. On the right hand put E 
if a.m., and W if p.m. on ship. 

Etxample i On September let, 1896, at about 9h. 8(hn. 
B.m., meantime in lat. at noon 47* 20' N., and loim. by 
account 166'” 14' E., the observed altitude of sun's lower 
limb was 39” 49* 5% bearing by compass 8.E. Height of eye 
17 ft. Time by chronoinei^ lOh. ISm. 20 sec., which was 
6m. 60 sec. slow on mean noon at Greenwicti on May 1st, 
and losing 3*5 seconds daily, the ship having made 80 mllc» 
on a true south course between time of observation and 
noon. Bequired longitude at noon, and supposing variation 
to be 5” B., required true aidmuth and deviation for direc* 
tiou of ship's head. 

80 miles south course I^at^ at noon 47” 20' N. 

Plff. of Lat. 80' y. 

I<at. at sights 47* 50' N. 
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CluuHUi ' Afidi tll0ir Umml Charts are of two 
recognised kinds — ^namely true charts and magncHe 
charts, the ffnrmer having the compass printed on the 
chart showing ** true North/* while the latter shows 
magnetic North. To find the course to be steered 
between two points, join them by a faint line, and 
draw a faint Une parallel to this through the centre 
of theoompass. if the chart is a true one, you must 
look on it for the variation nearest to t^ marked 
course, and -apply this to the course shown on the 
compass, W variation to the right, and £ to . the 
teft. This will g^ve the mame^ course. To this 
apply the deviation of the ^p's compass on that 
particular course, and the answer will be the compase 
coarse to be steered. To obtain the distance be- 
tween the two points measure the line and transfer 
the measurement to the graduated meridian, when it 
can be-read.off at once. 

Again, with a ship on a compass course, to obtain 
the true bearings of observed objects or points on 
the chart the compass bearing must be corrected 
by applying the deviation and variation in order 
to obtain their true bearings. These true bearings 
are laid off on the chart compass if a true cha^ 
or the magnetic bearings laid off if ^the chart is 
magnetic, and where lines parallel to these bearings 
but ])afising through the observed points intmect 
will be the position of the ship. The longitude and 
latitude of that position con be read off on the border 
of the chart. 

A third use of the chart ip to find the position of the 
ship by tw*o oliservations of the bearings of the same 
object. The compass bearings must Iwth be turned 
into magnetic or true bearings according to.the 8<wt 
of chart and then lay these bearings off front the 
point, and let the lines out the line of course M 
marked on the may Take distance, ship coveped 


cuts line of course measure off itiat dist^e. Ji t^ 
ship were actually travelling along tl^at oours^ 
the distance would correspond with the line of sqooitd 
bearing; but she is not, so through the point where 
the distance reaches to draw a line parallel to the 
first line of bear^ and where this cuts the second 
line of bearing will be the position of the ship. 

The smidl figures plac^ on. the chart indicate 
the depth of water at low water of ordinary spring 
tides ; the Roman numerals show the time of high 
water at full and change of moon. 


TidM- The time of high water at any place can 
be taken out from the Admiralty Tide Tables, but 
if these are not available, to the time of high water 
at full* or change add 49 minutes for every day 
elapsed since full or change. The result is time of p.m. 
high water approximately. 

To Correct Caftt of Lead. From Admiralty 
Tide Tables find times of high water on the day at the 
place you are nearing. Take the tide nearest to 
the time you are sounding. Find the height con- 
stant by subtracting the spring rise of the port 
you select from the Port of Reference spring rise, 
as given in the Admiralty tables. This you add to 
the reference port rise if the height at selected port 
is more than that of port of veferenoe, or subtract 
if less. Thus yon get height of high water at your 
nearest port, and from th's subtract the half Bowing 
rise there. The result is the height of hi^ water 
above half tide. Now double the time from high 
water, and if over 6 hours subtract from 12. Con- 
sider this a course.' Bring height of ^ hq^ water 
above half tide to inches, and considefe^ this a dis- 
tance. In Norie Table 2 with this course and dis- 
tance find the corresponding D. lat. Consider this 
as inches, which must be aaded or subtracted from 
the half sprmg rise accoraing as the time from 
high water is less or more than three hours, the 
result being the correction to be applied to the 
seunding tiuken with the lead. 

Slelthr Nawigation* The student will 
leam under Astronomy how to distinguish the -prin- 
cipal stars [see 6116], and he may find he^ 
from Rosser’s “ How to Find the Stars,” which is 
almost a sailor’s classic. We shall only deal with 
how to use the stars for navimition. 

To find mean time at which a mven star will be on 
meridian of the observer. Take Norie- Table 44, 
or Raper Table 27. Look and see if time of meridiaa 
passa^ of star is more or less than 12 hours on 
the day rivep. If more than 12, count it as the 
previous day for looking in* the Nautical Almanac ; 
if less, count in the same day. From the Na.utical 
Almanac take out star’s right ascension, R.A., 
for the nearest day, also take out the sidc^real time, 
from page 11 of the month, for the day you are 
working with. From the star’s R.A. subtract the 
sidereal time, adding 24 to the R.A. if necessary. 
Result is mean time of star’s meridian passage. 
From Norie Table 37 or Jlapmr 24 take out toe 
minute and seconds correspe^ing to the mean 
time nearly. iSubtraot -them: from toe mean time 
nearly, and result, is mean time the star will pass 
the meridian at Greenwich. . Find longitude in time, 
and take from , Norie or Raper, same tables, the 
minutes and seconds corresponding to longitude 
in time. Apply this correction to time star is on 
meridian of Greenwich; .West longitude subtract. 
Fast longitude add. i R^iilt is mean time, star is on 
the meriaiw of the , observer. If tesuli k less .th^ 
12 it k if more» irejpet 12. hofus hm oall 
remainder a.m. 




TflANMT 


The apparent time a star will be on the meridian 
of the observer can be found by inspection in 
Norie Table 44 or Baper Table 27. 

To find the R.A. of the meridian, apparent time 
being known, write down astronomical time at 
ship, underneath it place sun's R.A. from Nautical 
Almanac for Greenwich day, and the correction for 
the hours and minutes of Greenwich time calculated 
from the variation in 1 hour of the sun's R. A. From 
the sum reject 24, if sun is more than 24 houri^ if not 
the answer is the R.A. of the meridian. A star is to 
the east of the meridian if its R.A. is more than the 
R. A. of the meridian ; it is to the west if its R. A. is less 
than that of the meridian. A star passes the meridian 
to the north of an observer if its declination is to 
the northward of observer's latitude ; it passes 
south if the star's dec. is southward of the observer. 

Longitude by Chronometer and 
Star’s Altitude. The altitude of a star is taken 
in the same way as the altitude of the sun. Find 
Greenwich mean time as in longitude by chrono> 
meter. Correct the star's observed altitude for 
index error, dip and refraction, as for sun, and thus 
^t true altitude. From Nautical Almanac take star's 
R.A. and declination, and get the polar distance. 
Take also sidereal time for Greenwich date, correct- 
ing it for the hours and minutes of the Greenwich time 
by Norie Table 38. The correction is always to be 
added to the sidereal time, and the sum is mean 
sun's time. Now find the star's hour angle in exactly 
the same way as for the sun. If the star is to the 
east of the meridian subtract the hour angle from 24 
and the remainder will be the' westerly hour angle. 

Find mean time at ship. Place star ’s westerly hour 
angle beneath the R.A. and add. Sum is R.A. of 
meridian, from which subtract mean sun's R.A., 
borrowing 12 hours if necessary. Remainder is 
mean time on ship. Now for longitude. Place 
Greenwich mean time underneath mean time on ship, 
and subtract the less from the greater. Convert 
remainder into degrees, etc., for longitude which 
will be east or west according as the .Greenwich 
time is less or more than ship's time. 

To Find True Aelmuth of Stars. Find 
the mean time at ship, or apparent time, as may be 
most convenient. Ijien find hour angle of star, 
which, if more than 24, reject the 24, and if more 
than 12 but loss than 24 ^ subtract it from 24. In 
the time azimuth tables find the star's hour angle 
in the right-hand column of the page, under P.M. 
Name the azimuth according to the rules at the foot 
of the page in the tables. 

Reduction to the Meridian. This is 
a very accurate method of finding the latitude by 
the altitude of a star or the sun. In this problem we 
have to find the difference between the meridian 
altitude and the true altitude of the observed object. 
First find the apparent time at Greenwich, and then 
the corrected declination. Then find the true altitude 
as we have aleady learnt how to do. Now to find 
the correction for the meridian altitude. Then take 
out the following logs from the tables. 

Time from noon log from Table 31. Log 
ros latitude by account, log cos declination, log 
cosec of estimated zenith distance, which zenith 
distance you get by adding; the latitude estimated 
and the declination if of different names, and sub- 
tracting them if of same name. Add the four logs 
together and caat out the tens from the index. 
The result is the log sine of half the reduction, which 
must be taken out from Norie Table 25 and 
multiplied by two. This reduction is always to be 
added to the true altitude, and will then give the 
meridian altitude. 


Take the meridian altitude and subtract it from 
90 ; the remainder is the meridian zenith distance, 
which is named of an opposite name to the bearing, 
S when beating is N ; N when bearing is o. 
Below the new i). place the corrected declination. 
If of the same name add, if of different names sub- 
tract. The result is the latitude of the same name as 
the greater of the z. d. and declination. This is the 
latitude at the time of taking the observation. 

Sumner’n Methcnl for Finding Lati- 
tude and Longitude. This is rather a 
complex method of finding the position of a ship 
when in doubt, and no moon sight obtainable. 
Two altitudes of the sun's lower limb are taken, 
.the time between them noted and also the run of 
the ship during that time. Two latitudes, between 
which the ship is fairly certain to be, are assumed. 
Chronometer times of both observations must also 
be taken. Here are the rules. 

With the first Greenwich mean time find sun's 
declination and polar distance and equation of time. 
Correct first observed altitude and obtain true alti- 
tude. With this true altitude, the lesser assumed 
latitude, and the polar distance, find hour angle, as 
in longitude by emonometer, and from hour angle 
deduce a longitude, which call A. With same true 
altitude and "greater assumed latitude proceed as 
before and find second longitude, which call B. 

With the second observed altitude and Greenwich 
mean time do exactly the same, finding longitude R 
with lesser, and longitude F with greater assumed 
latitudes. Now take a chart and on parallel of lesser 
latitude lay off the first of the longitudes, namely A. 
Call the point 1. On the second assumed latitude 
lay off longitude B, and call point 2. Join 1 and 2, 
and that gives line of position for first altitude, 
the direction of which can be obtained from the 
Compaq on the chart. Take any point in the line 
of p^ition and from it lay off the courses and dis- 
tance the ship has made in the interval between 
the two observations. Through the end of this 
distAnce draw a line parallel to the line 1 2, and call 
this line Kli. Lay off the other longitudes £ and F 
on their assumed parallels of latitude, naming the 
points 3 and 4. Join 3 and 4, which gives us the 
tine of position for the second altitude. Where the 
lino 3 4 crosses the line KL is the ship's position 
when the second altitude was taken. To find the 
sun's bearing at the time of taking the first altitude, 
draw a line from the ship's position at right angles 
to the line of position, to the eastward if the first 
observation was taken a.m., but to the westward 
if taken p.ni. 

Latitude by Altitude of Polar Star. 

The Polar Star is not situated at the North Pole, but 
about from it, so certain corrections have to be 
made to the observed altitude according to latitude, 
time, etc. These corrections are known as first, 
second, and third, and can be found in the Nautical 
Almanac. First find Greenwich time, and thence 
sidereal time of observation of star's altitude. 
Correct observed altitude for index error, dip 
and refraction, and from this altitude deduct 
giving the reduced altitude. With sidereal time of 
observation take out first correction from Nautical 
Almanac, with it proper sign, and apply it to the 
I’eduoed altitude. Result is approximate latitude. 
With true altitude and sidereal time take out second 
correction and add it to the approximate latitude. 
With the day of the month and sidereal time take 
out third correction, whi«h is also added to the result 
from the last addition to the approximate latitude. 
The result is required latitude of ship which n 
alwa 3 rs North. 
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I^atltude by MeHdian Altitude of is deviation lor each point of the head. 

Moon. Find moon*s meridian passage. On pa^ 4 In the third ease when the oorreot magnetic bearing 

of month of Nantioal Almanac, take out upper and the bearing by the standard dompass are both 

meridian passage for astronomical day, and, if longi- east or both west, subtract tbe less from the ^ater. 

tude is west, for day following; but if longitude is If they are of different names, add them together, 

east, for day previous. Subtract the less from the When the oorreot magnetic bearing is to the right 

greater. Tbe result is daily retardation. Apply this h md of the standara bearing, the deviation is 

to longitude in time^ proportion of daily named east ; if to the left, it is west, 

retardation, or correction for reta^ation. This is Now take the diagram, and with dividers take 
added to meridian passage of astronomical day if from the centre line of Napier’s diagram the number 

longitude is west, but subtracted if longitude is east. of degrees in the deviation for each of the eight 

Result is time moon is oh the meridian of ship. points. Mark each oh its proper line, and through 

hiooia** Declination. lu the Nautical the mints thus obtained draw a flowiiig line, which 

Almanac tlie moon’s declination is given for every will he the curve of the deviation. With this curve 

hour of the day, and the variation in ten minutes.' given a correct magnetic course you can find the 
Take out these quantities for the Greenwich day and compass course as follows: Place one leg of the 

hour, and multiply the variation for one minute dividers on the given course on the centre line and 

by the minutes ana tenths thereof in the Greenwich extend the other leg to the curve on or parallel to 
time beyond the bouts. Divide by six if necessary. a plain line. Keep the leg on the curve, and move 

The result is the correction to be added if the de- the dividers, rouna till the other leg cute the centre 

clination is increasing, or subtracted if it is decroas- line in another place. The number of degrees from 

mg. The result is the corrected declination. The north or sorith there indicated is the compaes course, 

semi-diameter and horizontal parallax are found as To find correct magnetic course from a given com- 

foUows: From Nautical Almanac take out both passcourseisonly a reversal of the above proceeding, 

for the day, for noon if Greenwich time is less &an Given th ^ direction of the ship’s head, and the oom- 

12, but for midnight if more. Find the difference for pass bearings of two distant points to find their 

the day by subtracting one amount from the next correct magnetic bearings. Place one leg of the 

and multiply by the hours and tenths of an hour dividers on the direction of the ship's head on the 

the Greenwich time is past noon or post midaight ; centre line, and extend the other leg to the curve on 

divide answer by 12. This gives the correction for or parallel to a dotted line. Lift dividers carefully, 

semi diameter or for horizontal parallax, the process place one leg on tbe first given bearing on the 

of correcting both up to this point being identical. centre line, and lay the other on the centre line, up- 

Look in Table D. of Norie’s Tables, and find tbe wards if deviation for ship’s head is west, and down- 

augmentation for the semi diameter, and add it to wards if it is east. The number of degrees indicated 

the corrected semi diameter. In Table E (Norie) will be the correct magnetic bearing from north or 

find the reduction of the hoiizontal parallax, and south towards east or west for that bearing. The 

subtract it from the c<n‘rected horizontal par^lax. other can then be dealt with in the same manner. 

Take the observed altitude, which is taken in Inwlriitneiil*. We shall close this short set of 
the same manner as that of the sun, apply index lessons in navigation — all higher problems coming 

error, subtract the dip, subtract the reaction, add into the region of astronomy or matnematics — with a 

the augoented semi-diameter if altitude of lower few brief remarks on the three principal instruments 

limb was taken, but subtract if upper limb was essential to safe navigation in their' order* of import- 

obset ved. Then add the parallax, and tbe result is ance — ^namely, the compass, the sextant, thechrono- 

the moon’s true altitude. meter standim compass. Since upon the compass 

To find the latitude, subtract the true altitude from chiefiy the safety ot a vessel di^nds, it is most 

90, and name it the opposite way to the bearing of important that it should be of the best design and 

the moon. This is the zenith distance. Apply woH^anship. Its position should be sufficiently 

declination as in son’s altitude, and thence obtain distant from any particular masses of iron, especially 

tbe latitude. those of a movable nature, and where an all-round 

Napler*« Diagram. This is an ingenious view of the horizon can be obtained. The lubber 

diagram by means of which the deviation of a ship’s line must be exactly in the fore-and-aft line, the pivot 

compass can be found sufficiently accurately for accurately centred, and the card evenly balanced 

practical purposes. The bearings of a distant object m order to ensure satisfactory results: 
are taken with the ship’s head at eight di.Terent In the sextant an important point to be 
equidistant points of the compass. The mean of obeyed is that the vernier snould fit perfectly flush 

the eight bearings is held to be the correct magnetic on the face of the arc, and that the divisions are 

bearing of the object. To find the mean of the bear- truly and cleanly cut. The instrument with il-in. 

in^ we have three possible cases to consider. ( 1 ) If radius is perhaps most serviceable, and neutral tinted 

all the bearings are named alike. In this case add the glass is preferable for all screens. In fine clear 

bearings together, divide by eight, and name the weather take observations from the most elevated 

result the same as the bearings. (2) If some bearings platform, and in foggy weather from the lowest 

are named N. and some S. Take all the north bear- point attainable. For stellar observations properly 

inga separately from 180 or all the south bearings fitted binoculars are a boon. Carefully wipe glasses 

from 180, whichever is easier. Add the bearings after using. 

together, divide by eight, and name the bearing For losg voyages three chronometers are deemed 
the samp as those you "have not altered. And (3) necessary. oel^ instruments by wril - known 

some bearings are east and some west. Add all east makers, and have them rated for temperature, 

bearings together, and all the west. Subtract less They should be secured in a specially constructed 

from greater. Divide remainder by eighty and name box, having padded^sides and glass top, in a part of 

result same as greater. vessel free from vibration and os far removea from 

To Find Deviation. In the first two oases iron stniotural parts as possible. ' No compass or 
the difference between the correct mastic bearing magnet should be near them. Wind pnaoteUlly at 
and each of the bearings of the standard compass some hour every day, and ebmpare rates. 

Oon^nued 
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AMMrrUfUl— The «iiipUttt4e o( an 

. . ohjeot are of the horiion be- 

tween .m^eaii^apd weit 
points and the object 
When rlsiiig or setting. 

In 1, OB and OW am 
ampli^ides of O rising 
ana Be^tting. 1. 

Appuwht Altitude— The 
apparent angular height of theobjeot's 
centre above the sensible horispn. 

Apparent Time— The angle at the pole 
Mtween the meridian passing through 
the sun and the meridian of the 
observeTi reckoned westerly. 

Arc of a Circle — A portion of its 
circumference. 

Astronomical Time— The time reck- 
oned from noon to noon, and used 
U astronomical calculations. 

Augmentation of Semi-diameter— 
The apparent increase in semi-diameter 
ariiing from decreased 
distance of observer from 
the object as it rises. 

OTj again, it is the 
dinerenoe in tlie semi* 
diameter brought about 
by the observer not being 
situated in the very centre A 

of the earth. In 2. angle 
C is nautical seinj*aiameter ; angle at 
R is augmented. 

Azimuth — Of a celestial body this Is the 
arc of thehorlson included 
betweeu the north or 
south points and a ver- 
tical circle, drawn through 

• the object. In 8. NZB 
Is Azimuth of 0 for ob- ^ 
server on AB. 3. 

CIVIL Tim— From midididit to mid- 
night, the time in common use. 

Compass Coupso— T he angle a ship's 
fore-and-aft lines makes with the 
commas needle : otherwise, the track 
of the ship as shown by the com- 
pass. 

Comptoment cf sm Angle or Arc— 
The amount by whkblhat angle or 
arc differs from 90*. 

MOLIMATIOli — The arc 

of a celesttal meridian be- 
tween the equinoctial and 
the object [4 OE]. 

Departure— Tl«e distance in 
nautical miles which a ship has .made 
good east or west of the meridian 
sailed from. In 5, XY is 
meridian sailed from, XZ is 
ship’s course, and YZ is de- 
p^ure, XY a meridian, 

XZ ship's track. 

Deviation of Compass— The 
angle the compose needle 
miwee with the magnetic 
meridian, and caused by the iron in 
the ship. 

Dllferenoo of Latitude (written D. lat) 
— An arc of a meridian between two 
Pj^lels of latitude. 

Differenoe of Longitude (written D. 
tong). — ^The difference of longitude be- 
tween any two spots is the arc of the 
equator between the 
meridians of the two 
places. 

Dip of the Horizon— The 
angle at the observer’s 
eye between the visible 
and sensible horisons 
[HOS in 6]. 6. 

■OUmO — The great 
the heavens in which 
appears to move among 
the stars. In 7, XY is 
the ecliptic. 

Equatlon^f Time — The 
difference between mean 
tbne and apparent time* 
and by its use the one 
can be Converted Into the 
and vice versa. 




Equator— A great circle supposed to be 
drawn round the earth 90** from each 
pole. 

Equinoctial— The idane of the equator 
extended to the heavens and making 
a great circle therein. .In 
8, PQ is the equinoctial.* 

Error of Compass — The 
angle tiie compam needle 
makes with the true 
meridian. 8. 

PIRgT POINT OP ARm — An 

imaginary spot in the, heavens where 
the sun's apparent path croeses the 
equinoctial, from south to 
north. 







QRRATRR OIROLCft— Those 
v^ose planes pass through the 
centre of a sphere [9J. 

HOUR ANQLR— The angle hour of 
a star or other celestial body is the 
isngle its meridian makes 
at the pole with the 
meridian of the observer. 

In 10, P is pole, PN 
meridia^, O is body, N PA 
is hour angle. 

LATITUDR— The distance 
of any place north and south of the 
equator measured on a meridian. 

Leeway — The angle a sliip's track 
makes with her fore-and-aft line. 

Longitude — The longitude of a spot 
is the arc of the eqvuUor between the 

‘ first meridian of longitude and the 
meridian of the spot. 

MAONCTiO OOURRB— The angle a 

ship makes with the magnetic meri- 
dhm. 

Magnetic MeHdIan— The direction a 
perfect compass would point if in 
• no way affected by loom magnetic 
forces. 

Magnetie Polea— The magnetic poles 
are situated, the North in lat. 70 N. 
and long.. 97 W., and the South in 
lat. 73 S. and long. 147 £. 

Mean Time — ^The time which would 
be shown by the sun if he revolved 
in the plane of the equator with the 
mean angular velocitv with which be 
revolves in the ecliptic. 

Heridtaa-r-A circle 

paesing throufm the poles 
and cutting the equator 
at right angles. In 11, 

XOS u a meridian. 

NAUTICAL MtLR— The length of a 
minute of arc of the* meridian. It 
varies slightly with the latitude. 

ORLIQUl ANQLR— One greater or 
less than aright angle; >lf greater, 
it is called obtuse, and if lees, it is 
acute. 

Observed Altitude— Tlie angular height 
read from the observer's instru- 
ment. 

PARALLAX— The angle at the centre of 
a celestial body subtended by the 
earth’s radius at the „ 
position of the ob- 
server. In 12, the 
angle at O is parallax. 

Polar .Distanoe — The 
arc of a celestial merid- 
ian between the object |o 
and the celestial pole. 

It- is the complement of the decli- 
nation {4, OP]. 

Prime MorMlanor First Meridlao— 
The meridian from which longitude is 
reckoned. For Englishmen, this is 
Greenwich. 
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Prime Vertloal— The vertical circle 
which passes through east and west 
points of the ^ 

horizon. 

RATIONAL HORI- 
ZON - A ^ane 
passing tiirou^ the 
centre of the earth, 
every point of 
which is 90° from 
the observer's 
zenith. In 18. Z 
is zenith, XCY is rationid horizon. 

Refbaetlou — The bending of a ray of 
light towards the ^ 
perpendicular when « ^ 
passing through the 
air. In 14, O is 
real place, F is 
apparent place of 
object. 

Rhumb Line— A 
curve cutting every 
meridian it meets 
at the same 
angle. In 15. KL is a rhumb line. 

Riffht Angle— An angle of 90°. * 

Right Ascension— Of a celes- 
tial body this is the arc of 
the celestial equator between 
the First Point of Aries and 
the meridian passing through 
the object. In 16, ABO ii object, 
A, First Point of Aries. 

SEMI - DIAMCTRR — The . 

angle at the observer's eye, ^ 
subtended by the radius of 
a o^estial object (R in 2]. 

Sensible Horizon— A plane 
to which a phnnb line at the ob- 
server’s position is 
^ajgsnd^i^, a s 

Sidopoml Time— ' 

Reckoned from the 
time the First Point 
of Aries passes the 
meridian. 

Small Circles— 

Those which do not 
pass through the centre of a sphere. 
flS, A and B]. 

Spherical Angle — An angle 
formed by the intersection ( \ 

of two great circles [19]. V 

Supplement of Angle or 
Arc — The amount an angle m « 
dHfers from 180°. 

TRUE ALTITUDC— The true height 
above the rational horizon. 

True Course — The angle a ]IIIi:^ 
ship’s course makes with the 
true meridian. 

VARIATION OP OOIRPARR— The 

angle the magnetic meridian makcj 
with the tTue meridian. It varies for 
different places, and is to ^ 
be found marked on the 
charts. 

Vertex of a Great Circle— V / 
That point on it nearest to ^ 
the pole. In 2^, X is the 20. 
vertex, P the pole. 

Vertioal Circles — Great circles pass- 
ing through the zenith or point 
immediately overhead, and' 
perpendiomar to the liorh 
zon. In 21, Z h aenith, 
and all lines passing through 
it are vertical circles. 

Visible Horizon — The circle 
limiting the observer's view at sea. 
It increases in proportion to the 
observer's height above 
the water, in 82, O 
is the observer, XYZ 
the horlaon. 




ZMNITH DIRTANOR— 

The aenith distance of 
a bestial object is the 
arc of a vertical oirde betweei 
the object and the lenith ci th< 
observer. 
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Vocabula^ ’ 

un{id\ atigel lim' r limit, 
arh\ arch, bow boundary 
dareT, keg, bar- rent, engage 
rel majstr\ master 

her\ berry (science, art) 

hind\ bind modd\ model 

(books) bear, ^ve 

dew*', device, birth 

motto ffdp\ touch, feel 

drag', drug plant', plant 
enu', be weary procent',mtoreBt 
of prosper', pros- 

fabrik', manu- per, turn out 
facture well 

fand', cast, melt piUr', putrid, 
fiar', smell (v.a. ) rotten 
sniff rapoH', report, 

frot', rub recount 

huf', hoof rtU', roll (v.a.) 
incit', provoke, sak', sack, bag 
incite satajr', salary 

jung', couple, ecienc', science 
harness seg', saw (v.a.) 
kaldron', kettle sign', sign, token 
kamsn', fire- sorb', absorb 
place sufer', bear, en- 

kanap', sofa dure 

handd', candle ^ancd', shake, 
holon', column, cause to waver 
pillar sraW, screw 

kornpar', com- ted', tedious, 
pare ■ worrying 

kork\ cork toUr', tolerate 
kravat'f cravat, velk', fade 
tie , venk', conquer 

led', lather vest', clothe 

Exsbcisb XX. 

1. Dro, Zamenhof, la altesti- 

mata autCHX) de Esperanto, 
tiaski^is la trian de D^embro, 
mil okcent kvindek nada. La 
hufbatoj de 6evaloj addi^is. La 
fero fandigos. Ne sanceligu, sed 
tu} luigu tiun fambron aJ la 
fandejestro. En la autuno la 
brunigantaj folioj falas de la 
arboj. Kvankam li estis forte 
vundita, kaj samtempe venkita, 
li ne mortis. La skribajo estas 
tie 6i, sed oni deviM sekijp ^in 
per sorba papero. Si toleris kaj 
suferis miuton, Sed ciam estis 
modelo de paoienco. Cutio estas 
korktirilo, kio ku^as sur la 
kanapo ? Mi pensas, ke ne. La 
floroj, kiuji estas plantitaj en 
la plantejo, odoras dol$e. A1 
malbonfamtoj, neniam pro- 
speras. Mi estas devigata limigi 
miajn elspezojn, car mi nun igis 
malriCa. n^rto pri la 

kunsido estos senda^ senpage. 

2. Here is the by whiojbi I 
shall be recognised. In . the public 
square is to be found a tall 
column, which the mayor meted 
to the honour of a well-known 


townsman. I will have the in- 
struction books bound to-morrow. 
The water has become putrid, and 
is not drinkable. He hired an 
office at 15s. per week. Becoming 
^ngry, he put on his overcoat and 
disappeared. What do you mean ? 
I was obliged to put a stop to his 
speech. At daybreak the sun 
rises and at the fall of eve it goes 
down. Did you inhale the odour 
of those growing flowers ? 

Note. Use the ig and %() 
suffixes where possible. 

Geographical Names 

CONTIKENTS 

Africa, Afriho Asia, Azio 
America, Ame- Australia, 
riko (Norda A&stralio 

kaj suda) Europe, Efiropo 

Countries 

Algeria, A/fJerio Hungary, 
Arabia, Arabujo Hungarujo 

Austria, Iceland, Islando 

A ildrujo India, Hindujo 
Belgium, Ireland, Irlarldo 
Belgtip Italy, Italujo 
Bohemia, Japim, Japanujo 
Bohemujo Mexico, Meksiko 
Brazil, New Zealand, 

BrazUujo Nova Zelando 

Bulgaria, Norway, 
Bvlgamjo Norvegujo 

C&nsAn.Kanado Persia, Persujo 
China, Jainujo Poland, Polujo 
Denmark, Portugid, 

Dmujo Portvgedujo 

Egypt, Egiptujo Eoumania, 
England, Rumanujo 

Anglufo, Russia, Rusujo 
Anglolando Scotland, Sko- 
France, Franca- tap, Skotlando 
jo, Frandando Spain Hispanup 
Germany, Sweden^ Svedup 
Oertnanujo^ Switzerland, 
Oermanlando Svisup 

Great Britain, Turkey, Turjbu/t> 
Oranda Britup Unitea States of 
Greece, Orekujo America, 

H(dland, Unuigitaj Statoj 

Holando Amerikaj 

CmBS AND Towns 
Amsterdam, Edinbuigh, 
Amsterdamo Edinburgo 

Antwerp, Geneva, Geneva 

Antverpeno Lisbon, LiMt&ono 

Aimers, Ahjero London, 

Athens, Ateno Londono 

Bmriin, Berlmo Madrid, If adrido 
Boulogne-sur- Milan, Milano 
mer, BtUonjo TAoecow, Moskva 
apud Maro Naples, Neapolo 

Buda-Pesth, New York, 
Buda-Pesto Nova Jorho 

CoQBtantuLople, Odessa, Odeso 
Xonstonltftonlo Paris, Parixo 
rmb]in,i>tddifio Ptng^e,Prago 


Rome, Romo Vienna, Vieno 
Rotterdam, Warsaw, 
Roterdamo Varsovio 
Saint Peters- Washington, 
buig, Sankta Va ingtono 
Peterburgo ' 

Time 

.Various methods are used to 
denote the time : 

3 o’clock, la tria (boro) ; 3.16, 
kvarono de la kvara (horo) ; 3.35, 
tridek levin minvtoj de la kvara, 
or dvdek hvin minvtoj antaii la 
kvara ; 3.30, dvxmo de la kvara 
(horo). But the simplest way 
is, perhaps, to use railway 
method, thus ; 3 o’clock, la tria 
(horo ) ; 3.15, la tria (ka4) Icvindek 
(minvtoj) ; 3.45, la tria (kaj) 
hvardek kvin (minvtoj). 

Engtiah Prepoaitiona 

The following sentences and 
phrases are for translation : 

At (lati) your desire I wrote 
the letter. One of (el) us must be 
wrong. I am a faithful servant 
of (ol) the King. A book of (pri) 
proverbs. The best way of 
seeing (por vidi) the town. He is 
a professor of (re) the sehool. 
My love for (at) children. On 
(^e) my arrival. The smallest 
room of (ea) the house. City 
(of) London. Month (of) May 
(prepositions omitted). Mr. N. of 
(el) the city (of) York (Urbo 
Jorho). Bing of (el) gold. The 
love id (al) God. God’s love 
(Amo de Dto). He is a man of 
(kun) taste. A friend of mine 
(Unu mia amiko). A labour of 
love. Regiment of (da) soldiers. 
He fought with (hontran) the 
thief. Mute with (pro or de) 
wonder. It is sold at (po) 
threepence the (for each) pou^ 
I put it at (por) his ffisposal. 
At (en) London. This bill is pay- 
able at (post) 30 days. Some- 
body shot at (sur) me. They 
cried for (pro or cfe) joy. Foi 
(dum) a moment he was silent. 
He stayed at Paris for (dum) a 
week. I cannot carry it for (tra) 
such a great distance. She cried 
for (pro) fear that she would not 
see him again. HeupbrMdedme 
for havh^ gone away (pro tio, 
ke mi foriris). (Catalogue will be 
sent on (lafi) request. Southend 
on (apud) S^. We shall arrive 
by evening (vespers) in (en) 
London. He ran three miles in 
(dum) the hour. 

Kxv TO Exsbcisb XIX. 
li, neat6ndite» alvenis ea 
Londonon lastan noktem. Ce la 
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mezo de mia gardeno kreskas 
pirujoj, pninujoj kaj grosujetoj. 
Krom tiu), vi trovas diujn 
specojn de legomo]. La servie- 
tmo jus metis la mangilarojn 
sur la tablon, sed kie estas la 
supujo, la salujo, la piprujo kaj 
la sonorilo ? Vekite, la tajloro 
malfermis la okulojn, kaj vidis 
la seruriston staranta apud li. 
Estanie nature timema, li iom 
balbutas, kiam ajn oni riprocas 
lin. Kurinte rapide al la staci- 
domo, li ^uste trafis la vago- 
naron, kiam ^ (jus) ekiris. La 
leteroj estas senditaj afrankite. 
Kia stranga svelajo estas sur via 
viza^o ! Tiu B verko estas dedi- 
cita al mia plej amata amiko. 
Jen estas la monujo kaj la 
juvelujo, kiujn mi trovis sur la 
stuparo apud mia oficejo. 
Multajn dankojn ! Tiu 6i 
cigaringo tre similas mian. 
Transpasante la straton, la 
infano subite falis sub la radojn 
de kale.^. Sargite de la £ar- 
^toj, la §ipo elnis el la haveno. 
Ls tajloro garantiis, ke ci-tiu 


surtuto estas farita el la plej bona 
drapo. Remante, mi rompis unu 
el la remiloj. La fabelo, pri kiu 
li estis traktanta, ne estas entute 
vera. Tumante la okulojn al la 
vasta maro, mi vidis la gipon 
malrapide formovantan* gis kiam 
gi maJaperis. Felice la terura 
mulitado inter Rusujo kaj 
Japanujo nun 6e6i8, sed ni 6iam 
pripensos tiujn mortintajn mili- 
tistojn, kiuj vane oferis siajn 
vivojn pro siaj landoj. 

Key to Exeboise XX. 

1. Dr. Zamenhof, the highly 
esteemed author of Es^ranto, 
was bom on the 3rd DecemWr, one 
thousand eight hundred and fifty- 
nine. The hoof- beats of horses were 
heard. The iron will become melted. 
Do not hesitate, but at once let 
that room to the foundry master. 
In the autumn the brown-beoom- 
fng leaves fall from the trees. 
Though he was badly wounded, 
and at the same time became de- 
feated, he did not die. The writing 
is here, but it must be dried with 
blotting-paper. She tolerated and 
suffered much, but she always was 

Esperanto concluded 


a model of patience. Is it a cork- 
screw that lies on the sofa ? I think 
not. The fiowers, which were 
planted in the plantation, smell 
sweet. Evildoers never succeed, 
1 am obliged to limit my expenses, 
as I have now become poor. The 
irpuri^ oi me mec 
me of payment. 

2. Jen estas la signo, per kiu 
mi rekonigos. En la plaoo, 
trovigas alta kolono, kiun la 
urbestro starigis je la honoro de 
tre konata urbano. M bindigos 
la lemolibrojn morgafi. La akvo 
putrigis, kaj ne estas trinkinda. 
Li luis ofioejon po 16 £iilingoj por 
ciu semajno. Kolerig^te, li 
surmetis sian surtuton kaj mala- 
peris. Kion vi volas diri ? Mi 
estis devigata cesigi lian parola- 
don. Je tagigo la suno levigas, 
kaj je vesperigo gi subeniras. 
Cu vi flaris la odoron de tiuj 
kreskantaj floroj? 

Note. The student is advised 
to get English-Esperanto and 
Esperanto - English Dictionaries. 
(British Esperanto Associat'on, 
13, Arundel 8t,, W. C. ; 1/8 each.) 
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SECTION II. SYNTAX 
The Dative Case 


By Go Ko Hlbbert; M.Ao 


(a) The Associative Instrumental denotes 
association with a person, common after 

.. e . . «... 


We will now 

1. The leocatiwe. The locative survives 
in a few forms as a distinct case, the ending 
lieing i short; but, generally, the locative 
coincides in form with the dative. It denotes 
(a) place where, (6) time at which. 

Plage Where. With names of towns — as : 
ilXaraiaat, at Plattea (locative form) ; or IlXarcuact 
(dative form). With names of countries— as : 
EWddtf in Greece. It often denotes the sphere 
of action, whether in a locative form (as oIkoi, 
At home) or in a dative form (as in the 
house ; oiV»a»^, in heaven). From the locative, 
denoting place where,” is derived the use of 
the locative to denote direction, or the place of 
'vrrival, after a verb of motion — ^as ; vevety 
(from tIttu), to fall to the ground ; yy ixeiro, 
He lay on the earth ; ibi^aro He 

took a cup in his hand. 

Time at Which. This is found in Greek only 
in dative forms ; there are no locative forms for 
time — eg., rplrip on the third day; 

in old age ; povfiTfvla, at the new moon, on the 
first of the month ; {HTripip xp^pip^ in after time. 

UAMfxjr nosucmi/iuu Wll/U, auu lieuu«7 

** attendant circumstances” and “relation.” 
The name “ instrumental ” is misleading, as 
the idea of Instrument is subordinate. 


(6) Of Circumstances Attending the 
Action — as ; ijXdop xXi^^et oOk dXlyfpy They came 
with no small crowd ; iirX€OP b€^Up Kip^ iryovfAiPipt 
They sailed with the right wing leading ; fdop 
pavp a&roU dpdpdffip etXoPj They tooK one ship men 
and all (lit. with the men 'themselves). This 
has three special uses : 1. To denote the agent 

of a person — as : OnoU saved by the 

gods (lit. with the help of the gods) ; Ca^Xirria 
troi 7j wdXit iffTiP^ The city must oe benefited by 
you (verbal adjective) ; Tap€<rK€tkurro rcis Kop- 
ip$loiSj Preparations had been made by the 
Corinthians (usually after a verb in the ^rfect, 
or the verbal adjective ; this is generally ren- 
dered by {/r6 and the genitive). 2. To denote 
the means or instrument — as : dpCapk^p rott 
d^ffaX/iott, We see with the eyes ; and after 
XprjtrBaiy to use (which always takes the dative), 
meaning literally to serve oneself with — as : xp^r- 
Sai IfjLarltpf to use (oT wear) a garment 3. To 
denote reason, cause, or ground — as : roU veirpay- 
jiiipoit ^^odfjneposy fearing on account of what had 

weakness ; droBpd^Ku He dies of disease. 

(c) Of Relation, defining the action of a 
verb or the application 6f a noun. Of this there 



LAMOUACm > CmiBK 


Are, two speoial i^ies to denote Manner and 
Space. ^ i; JHawner : as» ciyp, in i^ence» uilently ; 

forcibly ; ry Syrif in reality ; ra&rn, thus ; 
fMPletit tempting (the god) in his in^ness. 
Under this head may be classed the Instru- 
mental of Measure/’ denoting difference of 
extent — as : roXX^ much greater (lit. 

greater by much) ; rj; ire^aX^ a head 

shorter; rocroih*^ Afieipop^ so much the better. 
2. Space: either of space over which motion 
ta'kes place, or of time through which anything 
lasts — as : in course of time ; dyiiiJtfi 

Xp^i^V AvpdtmfSi ruler through endless (lit. age- 
less) time. 

Note on the Instrumental Case: Homer 
has many archaic forms in -0t or <fupy which are 
properly instrumental— ^as : by force, but 

are also used as locatives — e,g, : 6pe(r4>i, on the 
mountains. More loosely still, they are used as 
genitives or datives, as Kard^lXtipi relx^o.^ for’IXfov. 

3. The Dative Proper. This is used in 
Greek only of a person, the person affected by 
the action, although in Latin it is used of a thing 
as well. It may either depend on a verb or not. 
1 . Depending on a verb : llie verb may be either 
transitive — as : SlSw/Ut give — e.g., i6i /a<m toOto, 
Give me this ; or intransitive— as: please ; 

et/cw, yield ; rurrciku, trust ; vei6epta.i^ obey ; 

reproach ; help ; xp^wet, it is 

becoming ; doiret, it seems, etc., all of which are 
followed by the dative— e.^., rots piXots, 

1 trust my friends ; rp^rei /mi Xiyeir, It befits me 
to speak. This dative is especially used of the 
possessor after the verb to he and similar verbs — 
as : Tp€it Ai pol elai $4iyartp€t^ I have throe 
dau^ters. 2. Not depending on a verb: 
(a) Dative of Interest— as : xcis 'M/p aintp xwei. 
Every man labours for himself ; tpi KtpaXi 
mpidfldia, 1 fear for my head. (6) Dative of 
Respect-— as : 0€dit rt9niK€ef His death is the 
gods’ concern. This dative is sometimes 
in^stinguishable from the possessive genitive, 
except by some slight idea m the person being' 
conctrnea in the situation— as : l/pxop roG PovnKoO 
roU ^vpcucoffiois, They commanded (governs geni- 
tive) the navy of the Syracusans, (c) Participial 
Dative, either limiting the action--as : .4p 
* - On the right as one sails in (lit. With 

respect to one sailing in) ; vmX^m, or, <2^ cvpe- 
\6pTt €lweip (participle of <ruf'di^w), to speak con- 
cisely (lit. for one making it concise) ; ws ipuol^ 
in my opinion ; fiaKpdp ydp in yipopn xpowrrdXfit 
6dop, Thou didst undertake a long journey for 
an old man ; or predicatively after a verb like 
to he— as: adry pwXoiUptp ^orir, H© wishes it (lit. 
It is to him wishing it), (d) Ethic Dative, 
of the person sympathising or affected (per- 
smial pronouns onlyj—as : wQt iifup Axen ; ,How 
are you (wo wish to know) ? dpd^aipi /xoi t^p 
Climb. the ladder, I pray ;* rh ri0pifK4 xm; 
Who of your friends is dead ? 

Notes. There is a pscular use of the dative 
found in statemonts of time— ag , i/pipai 
MmXiir^ iaXwKvi^ (perfect participle of iXLxKOfuu) 
ivrd, T^re were seven days since Mytilene had 
betm captured. The dative follows many verbs 
compounded w;ith prepositions—^ : {fw6Kurai rb 
{epip, I^ai^ lies below the temple. 


Attractioin of the Relative 

The relative pronoun in Greek is especially 
marked by attraction of case — ».c., it either 
attracts its antecedent to its own case (Inverse 
Attraction), or is itself attracted to the case of 
its antecedent (Attic Attraction, as being in 
Attic the normal construction). The latter is 
by far the more frequent. 

Inverse Attraction — as, otx^rai pedywv bp 
fidpTvpif The witness whom you brought lias 
gone fleeing away (for 6 fidprvs 6/ ^ey). This 
is especially frequent when the princi[)al sentence 
is completed subsequently — as : e^Kai d<rat iprap 
tC)p T€$P€t!)Tu>p xd<ras dvetXoi', They removed 
(dpaipiw) all the sepulchres of those wlio had 
died (BiiKai for ^«raf). Another instance of this 
attraction, common in prose, is the phrase 
obbcls BffTis ody There is no one who not — t.c., 
everybody {itn-l being understood). In the 
nominative there is no attraction, but in the 
oblique cases, whenever tkrTis is governed by a 
verb or some other word, oGSelt is attracted in*o 
Ihe case of as : oGbipa kIpGvpop bpriva oi’x 

(nrifMipaPy There was no danger that they did 
not endure (for oGbeU kIpAwos ^p Bpripa, ir.r.X.) ; 
oG5(p6t 6tov oGk Slp xari/p etr/p, There is no one 
whose father I might not be (for oGSeU im, k.t.X. ). 

Attic Attr.^ction. This usuallv occurs only 
when the relative would naturally have been 
accusative— as : dxb tQp x6\et$>P &p treierey Prom 
the cities which he persuaded (£f being for Ayl ; 
ran dyoBois ofy txopMPy With the good things which 
we have (oh for dj. Especially when the ante- 
cedent is omitted— as : i^/uv-iV Aicvoctro, Half of 
what he intended (o$ for iKtl ov A, Of that thing 
which) ; cGw oU KaraXif/fo/iait I will 

seize the heights with the men whom I have (oly 
for Toiy dpbpdcri o0f) ; xpbs ots iKrijo-aPTo, In addition 
to wluit they gained {ott for ro&ro.i A). More 
rarely, and always with antecedent omitted, a 
relative is attracted from genitive to accusative, 
or from dative to genitive — as : dp* ys tbfibxarc 
if/Kpau From the day on which you swore (for 
drd rys i ibfjtdiTATe) ; and ha^ly ever from 
nominative to genitive — as : dp bb^y x4pi (for 

T€pl 4K€lPbiP d dp 06^17), Concerning those things 
which may seem good to us. [Note the difference 
in accent when a preposition fcUowe its noun : 
x4pi and ^ ^ 

A similar construction is found with relative 
adverbs — as : buKopi^oPro AAck inre^iBtpro ratAay Kai 
yvpfUKASy They brought over their wives and 
children from the places in which they had 
deposited them for safety (AAcv, from which, 
standing for 4k€W€p Atou, from there where, or 
from the places in which). 

Note. A peculiar attraction takes place in 
-oertmn phra!^ with ottn^ such as : vurrtbia 
tUtp ffci d*bplj 1 trust such a man as you (for 
TowifTtp olos oG ) ; Toty ofoiy i/pip xnXerbp 4 oti, It is 
hard for people like us (for rotoAroty olbt 4/t4*iy, 
for such as we are). 

There are two negatives in Greek, oA and pi/. 
It is rather hard to understand thoroughly the 
difference b^^tween them ; only by noticing their 
usage carefully whenever they occur wm the 



student become quite conversant with their use. 
The following remarks give the broad outlines. 

ou is specific, fjJi is general ; oi) denies, for- 
bids or deprecates. In other words,, od is used 
in negative siatements (including interrogative 
sentences), in negative conceptions (including 
purpose, consequence, prohibition and condi- 
tion). What is said of oi/ and /n/j applies also to 
their compounds, oOdHs, firfdels, oddi (not even), 
uyjiif oCtc (nor), o^irore (never), /xi^rore, etc. 

In principal clauses oi^ is used in assertions, 
flit in commands and wishes. In subordinate 
clauses is used in causal and temporal sen- 
tences, fiif in final (».e., expressing purpose) and 
conditional sentences. In indirect or reported 
speech — Oratio Obliqua — the regular nega- 
tive is oj>, though some exceptions occur. (The 
Oratio Obliqua will be de^ilt with subsequently.) 

Examples : wvpdf tKujv otL>x Airro/ioi, 1 do not 
willingly touch fire ; iKtitre oOk hw ttpov 

aMtVy If 1 had gone there, I should not have 
found her ; ot iX$€lp ; Don’t you wish 

to go ? oi6fiePoi ^vXifP oO \f/7ttu€t{rdau, Thinking 
that the senate would not vote ; ireiSii oi)x etXop, 
dr€x<ifpv^cLP, As they could not take it, they 
went away. dTJjXffop tpa fiif thoifu airrdp, I went 
away in order that I might not see him ; fiit tovto 
dpdcrpt. Do not do this ; firjKirt ^t^p iyta, O that 
1 may live no longer ! el fiii rovro dpipTtp^ fjMiPolfirtp 
dp, If I were not to do this, I should be mad ; 
^n^cra fiii dpd*, I asked him not to do it. 

When used with single words, ov is definite, 
/uj) indefinite. Thus : ol oj&k dyadol iroXcrat, Certain 
definite citizens who are not good ; ol fiii dyadol 
ToXirai, Any citizens who are not go^ ; oi od 
po^oSpres, Certain special not diseased persons ; 
tlfiil potrovpres, Those who are not ill, the class 
of not diseased persons ; t 6 fiif xaXd, Whatever 
is-dishonourable ; t6 fiit BifPOffSai, inability ; r6 fi^ 
Ikt non-existence ; oC injfu, I say not, I deny. 
In direct questions od expects the answer Yea 
(Latin tionne), fiii expects No (Latin nicwi). 
Sometimes the fuller form dpa oO or dpa fiit is 
found. Thus, dpa fiii (or simply fiij) fiodXeaSe 
iXSeip; You don’t wish to go, do you ? 

There seems very little difference between the 
use of ouSip and fiJjSip as nouns (== nothing), but 
after the article the forms beginning with fi^ are 
alone used — as : oi/ ydp ij^iov rovt fijjddpas. For he 
used not to value men that were nobodies. 

In Greek, as a rule, two negatives do not 
nullify each other and make a positive ; they 
rather strengthen the negation, l^us, ** I never 
heard anything anywhere from anybody ” would 
l»e oOirore ifKoiHra oddip oOSafioO oddepds, “I never 
heard nothing nowhere from nobody.” /lij dldov 
tiTfdkp firfdepL Do not give anything to anybody. 
So with not even — as : oddefda yvpii 
retporai, No woman even tries. 

After a word of negative meaning, Greek often 
has a negative expression where other languages 
would have an affirmative. 1. After a compara- 
tive — as : iroXiP 6 \tjp dicuf^Betpai fidXXoP if od rods 
alrlovs, to de.stroy the whole city rather than 
the guilty ; the idea being that in all compwsons 
the very notion of preference also implies 
rejection or denial. 2. After a verb of negative 
meaning {e.g„ deny, dispute, hinder, distrust), 


where piif with the infinitive is used for the 
infinitive alone — as : They hindered me from 
coming, iKtOXvadp fie fiii iXBeip ; I deny that 
he did it, dwoppoOfiau fiif iKctPOP dp&aai ; and even 
after a noun — as : it diropla roD fiif it^vxd^eiP, the 
impossibility of keeping quiet. 

flit od. When such a verb of negative meaning 
as we have just considered is itself negatived 
by Ol), Greek requires the negative od to be put 
in the subordinate clause as well, so that in the 
latter clause we get the combination fiit od — as : 
odK iKiJoXvadp fie fiif odK iXBeip, Th did not hinder 
me from coming; odK dirappovfiai fiit odK iKeipdp 
dpdtrai, I do not deny, etc. ; rl fiiXXei fiit od 
irapowrlap fyeii' ; What hinders him from being 
present ? (i.c., nothing hinders). 

ou flit. This is used (1) interrogatively with 
the future indicative to express a strong prohi- 
bition — as : ou flit i^eyepei; Will you not not-rouse? 
— i.c., do not rouse ; od fiit 4>Xvap^eis\ Will you not 
stop talking nonsense ? — t.c., stop talking non- 
sense. (2) With the subjunctive, mostly with 
the aoriht — as : oiJ fiit fX^r?, There is no chance 
of his coming ; od fiit Xi;^w, There is no chance 
of my being caught. This expression is probably 
the negative of fii) Xrti^BC^ in its Platonic sense of 
“I shall proliably be caught,” which was a 
revival of tno Homeric use of the construction as 
meaning ** I fear I shall be caught.” The original 
meaning of fiit Xrt<pBu was * ^ May I not be caught ! ” 
whereas in Plato the same construction be- 
comes a cautious as.*^ertion {fiit t^vXop % It will 
probably prove bad) ; hence od p^Xi^w, 
^ere is* no reason to suspect I shall be caught. 

Oratio Obliqua (Indirect Discourse) 

Students of Latin have the advantage ol 
understanding this construction ; they have the 
disadvantage, however, of bringing to the study 
of the Greek construction certain pieconceived 
ideas which, though excellent from the point of 
view of Latin, are inconsistent with the Greek 
idiom. Everyone knows what direct speech is : 
“ I am well,” “ Who are you ? ” “ Do this ! ” — 
these are examples respectively of direct state- 
ment, direct question, and direct command. 
Now if we wish to quote someone as using these 
expressions, we may either quote them direcUy — 
as: He said, “I am well”; He asks, “Who 
are you?”; He commands, “Do this!”; or 
indirectly — as: “He said that he was well”; 
“He asks who you are”; “He orders you to 
do this.” With this latter indirect use we are 
now concerned. 

Indirect Statement. In Latin the 
natural way of expressing this is by means of 
the accusative with the infinitive ; in Greek 
this is only one of the natural w'ays. 

1. Accusative and Infinitive. This is used 
after verbs of saying and thinking to express 

the English “that ” — as: He said that 

the laws were unjust, IXe>e roi>f pdfiovt eUai 
dblKovs ; Thinkest thou that I am unhappy 7 
pofUi^eis di>orvxeip ifii ; Abo after impersonal 
verbs — as : ‘ “ it was agreed that, ” “it happened 
that,” “it was proposed that,” etc. The nega- 
tive used here is ot), not fiif. 

In the following two points^ the accusative 



and irifinitiv6 conatrlicfcibn in XJreek differs 
from Latiii-i- 

AcctsAtivE WITH Participle. After verbs 
oiftdinff and knowing (perception as opposed to 
statement proper) the accusative with the par- 
ticiple, ana not with the infinitive, is the rule-— 
as : olid Xvmipby Urro, I know that he is 
troublesome ; rvpdwyovs imrea'drrat •jcdSfiriPf I per- 
ceived Uiat the tyrants had been expelled ; 
t6p MifSoP tffiitp iK repdrutp yiji iXOdpra, We know 
that the M^e came from the ends of the earth ; 
add ff€ dyaSXp 6pra, 1 know that you are good. 

iNiiNirivE Attraction. If the subject of 
the Infinitive (or participle) is the same m the 
subject of the principal verb, it is put in the 
nominative, instead of in the accusative, by a 
kind of attraction — as : *A.X4iap8pos i<l> 0 ATK€P elpat 
/libt vl6t, Alexander used to assert that he was 
the son of Zeus ; tXoiVioi ol6fu6a (ffeffdai, We 
think that we shall be rich ; alff0ap6fu6a. yeXoiot 
6pt€s, We perceive that we are ridiculous ; dtSa 
dycMt C)Py I know that I am good. N(»tice that 
in these examples the pronouns “that 
“that etc., are not expressed. There is 
no need to express them, unless there is an 
especial' emphasis laid on the pronoun, as, for 
example, obx airrbs dXX’ iKciPVP crpantiyttp. 
He said “Nott but you, are general*' (lit.. He 
said that not himself but that man was g^eral ; 
here webave the two constaructions, nominative 
with ih&iitive, and accusative with infinitive) ; 
ixetPiiP KoX^p clrcu, di aUrxpdt, He said 
that she was beautiful, but that he himself wfw 
ugly. This construction makes Greek beauti- 
f uUy clear ; it avoids all the clumsiness of the 
English reported speech, in which it is often 
difficult to make out the persons to whom the 
various pronouns refer— as : “ He said that he 
would soon teach him better manners, and if 
he did not take care he would have to look to 
himself, for he was determined to put a stop to 
his impudence.^’ 

2. Iiwtead of the accusative with the infinitive 
it is equally good Greek to translate the English 
“ that^* by dn or (W followed by the verb in a 
finUe mood. The negative here too is oO, 
Examples : X^e* dn ypd^si, He says that he is 
writing ; elircr dri ypd^toi. He said that he was 
writing ; Xiyowrt dn 6 poffiXtbs They 

say that the king sent them; tXe^op dn 6 
BeuriXitbs tnp&t They said that the king 

^ sent them. 

From these examples it will be noticed that 
after a main verb in a Primary tense (t.e,. 
Present,. Future, Perfect), the verb * in the 
dn remains in the same mood and tense 
as in the corresponding direct statement ; but 
after a Historic main verb (♦.€., Aorist, Imperfect, 
Pluperfect) the verb in the dn clause becomes 
op^iv^ This is the strict rule, but fluently, 
for the sake of vividness, tbe rule is relaxed, 
and instead of the optative in the latter case, 
the indicative is found, the actual tense and 
us^.'by tibe sp^er bemg thus preserved 
in the report^ spe^h. Eiuunples : IXctot dn 
iXwitovirt V* ical H/p riXtP d^ip M They smd 
that they hoped you and the state would be 
grateftd' to lUe (the original mood and tense 


“they hope** instead of optative by strict 
sequence) ; ifxe d' dyyiXXufp nt <i)t *EXdreta xarel- 
Xnrrai, ^me one was come reporting that 
Elatea had been. ■ taken ( “ Elatea : has been 
taken,’* perfect indicative passive of xardXay 
pdpu, instead of optative) ; ardpres dn 
Tdfifowrip, dir^X0oPi They went away, saying that 
they would send ambasi^ors (“they will send,” 
instead of as strictly required). Here 

are two examples showing the strictly regular 
use with optative : abn^ deiKPdpai dn 

otoiro jUp elpa .1 <ro^6v, efi; d* oC, 1 tried to show him 
that he thought he was wise, but was not so ; 
dTciTiifp dn aOrds rdtcei (ri iKn) wpd^oi, VX^o, 
Hinting that he would himself m a n age things 
there, he departed. 

3. After verbs expressing emotion — e.g,, 
Bavfid^ia, wonder ; /ndfitpofuu, blame ; dyapapru, 
be indignant; alffxOpofMt- be ashamed; the 
Greeks used el (if) instead of us or Ort— as : 

el dfffUpois Ofup diptyfiai, I am astonished 
that my arrival should be unwelcome to you. 
The negative here is always fiij. 

So far we have been dealing only with the 
principal clause in Indirect statement. We 
must now See what happens in a dependent or 
subordinate clause. Here again the Latin 
student must beware ; for whereas in Latin the 
verb in a dependent clause in oratio obliqua is 
subjunctive, in Greek the suWunctive is never 
due to oratio obliqua. In Greek the rule is 
much simpler : if the principal verb is primaiy 
the dependent clauses stand exactly as they 
would if the statement were direct ; if the prin- 
cipal verb is historic, all dependent verbs in the 
indicative or subjunctive should strictly become 
optative, though for the sake of vividness they 
are frequently retained in the indicative or sub- 
junctive unchanged.’ Examples : irdiiiaeip tfitfaip 
d yiffr aiax^pnip ddo^lap abrtfi ^pei, He says 
he WtL * do whatever brings neither shame nor 
diiwr^it to him (^pct is exaotiy what it would 
be in direct speech) ; dreKplparo dn /MpSdpoiep A 
odK MtrraiPTo, He replied that they were learning 
what they did not understand (where ixiffTaffBe, 
indicative, you do not understand, becomes 
optative, though it might have remained indica- 
tive) ; l0curttK ro^t dj^dpas dTOtcrepelp oOj txovai 
i^Qpras, They said they would kill the men whom 
they had living (fx®wri, indicative, retained, 
rather than clmng^ into their actual 

words were droicrepoO/Liep oOs dxo/tep). 

North The word “saying** or “thinking 
need not be actually expressed in Greek in order 
to throw what follows into the aocuwtive and 
infinitive construction. It is enough if the idea 
of imying or thinking is suggested only— as: 
4$dp<rvpt re pal odx eta rtp yeyemfpAPip 
pJbp ydp ypiji>p.sfp aiirup obx ^er^Bai (Thuc. Vl., 72), 
He encouraged them and would not allow them 
to yield in face of what had happened ; for (he 
said) it was not their spirit that was br<dcen 
(the idea of “saying** is suggested by iBdpovpe), 
Note 2. The accusative and infinitive is often 
employed after the article r6, making the sen- 
tence into a kind of substantive— as : rd A/*dp- 
rupeip “dpBptdwovt odSip (fim) BavfMcrrdp, The [foot] 
that mortals err is not surprising ; Atd r6 



oifK hp otei ddiKv^pai; Do you think you 
would not be wronged on account of your being 
a stranger ? (Note the nominative (^pos ; see 
Infinitive Attraction above.) 

II. Indirect * QuMtion. This is very 
simple, the usage following the rule of the 
indirect statement with dn — the verb in the 
indirect question being indicative or optative 
according as the main verb is primary or historic. 
And here, as there, the indicative may remain 
after a historic main verb for vividness. 
Examples : ipopuu rl dpdo-et, 1 ask what he will 
do ; ifTdpovp ri wore X^et, I was at a loss to know 
what he meant (X^et should strictly be optative, 
but the words of the actual direct question are 
allowed to remain, rl X^et, What does he say ?). 
Similarly if the direct question is a deliberative 
subjunc^ve, the subjunctive can remain after 
a historic main verb, instead of becoming opta- 
tive— -as : ifiovXedopro cfre KaraKadffiaaiP etre rt dWo 
XpiJ<r«rrat, They were deliberating whether they 
should bum them or dispose of them in some 
other way. 

IIL Indirect Command or Petition. 

The same rules apply here. Examples : KeXtiki 
<ri dpacat r68€. He orders you to do this (nega- 
tive fii^) ; iKiXeifffCP 6 ri BOpatrro Xm^dprat fteradubtcetp. 
He oi^ered them, taking what they could, to 
pursue (his actual words were “take what you 
can,** 5 rt dp SupifirBe, and the subjunctive 
SdPtaprat might have been . retained here for 
vividness instead of optative) ; wpoeixop adroit /lii 
pavfULX^ip KopipBloitf Ijp M Kdpxvpop tX^mvc, 
They instructed them not to fight the Corin- 
thians at sea, unless these should be sailing 
against Corcyra (subjunctive wXduHri here retained 
instead of optative rX^oup). 

Middle Voice 

The Middle Voice, though reflexive in 
meaning, is not simply reflexive. Arising out of 
the reflexive usej there are many extended 
applications. The action is directed towards 
the agent, and hence we get three^ main appli- 
cations of the middle, to denote action (1) upon, 
(2) for, and (3) within oneself. 

1. Action upon Oneself. The agent is 
the indirect object of the action — as : 

1 take to myself ; tppvfuu, I put clothes on my- 
self ; ^po/uu, I carry oflf for myself, I win 
(tpiptot simply I carry) ; rtfuapoGfiat, 1 redress 
my own wrongs, 1 take vengeance on 
1 redress another’s wrongs). The strictly re- 
flexive use of the middle is not common in 
Greek ; it is found with a few verbs like XoiX>pat, 
1 wash myself ; rpixopM, I turn myself, etc. 
But, while rdjrrta means I strike, rdrro/uu does 
not mean “I strike myself.” In other words 
the object is almost always indirect, not direct. 

2. Action fob Oneself, the Causative use 

of the middle ; getting something done for one- 
self — e.gf., dapel!:u, I lend, dopelj^ofiai, I get money 
lent me, I borrow ; purBdw, I let, fusBoOfiai, 1 get 
something let to me, I hire ; I write, 

ypdtpofAai, 1 get a man’s name written down, 
I accuse ; xoieip, to do, woteisBai, to get done ; 
$6(a, 1 sacrifice ; SdojUMi, 1 get a sacrifice offered ; 
xaparLBepai deixpop, I have dinner served me. 


3. Action within On^lf. The action 
is centred ' in the agent, and the reflexive 
sense is often very faint. T^is is found (a) in 
verbs of motion^as : go ; xiroyxu, fly ; 

otxofiai, depart ; ^Irofiai, appear (as opposed to 
the active 1 show); (6) in verbs of 

feeling or thinking— as: awBdPOfuu, perceive; 
otofMLi, think ; ixUrra/mt, know. Of the same 
kind is the reciprocal middle, used only in the 
plural — as : BiaXtydpjeBd, we converse with one 
another ; dan^dutBa, we interchange ; 
rat, they cheer one another on. 

PeCITLIAB l^SES OF THE MiDDLB 


IN Cebtain 
Active 

dxoUBttifxt, I give back . . I sell 

Xdtji, I release I ransom 

ffxMta, I pour a liliation I make a truce 
xotQ), I value . . . , . . I estimate 

rlBfifjit, I put I consider 

oKoxw, I look at . . . . 1 reflect on 

txtrlBrifii, I put on . . . . I attack 

Koiftdta, I lull 1 sleep 

xadw, I stop some one . . 1 cease 


In all these it is easy to see how the different 
sliades of meaning arise, if we bear in mind the 
essential idea of the middle voice. But in 
many cases there seems for all practical purposes 
to be very little difference in the use of the 
middle and of the active — ^as : IBetp and IdiaBoi, 
to see. 


SECTION III. TRANSLATION 


VOCABULABY 


f iat, Kij»pu>\(/ (6) 
came, fiXBop 

neither . . . nor, oOrt . . • 
oOre 
I fear, 

I scratch, iidw 
I bite, Hkpu> 
husband, di^p (h) 

I like, wish, BiXta 
hairless, drpixot (from 
BpUi, rpixdt, hair, and 
& denoting negation, 
a very common piefix 
in Greek) 


face, xpdffknra (rd) 
round, xtpl^ governs 
accusative 
own, tBiof, a, op 
until, Iwf o9 
I am angry, dyapaKriw 
thus, oOrwi 
I conquer, piKdut 
snare, Bexpht (6) 
spider, dpdxrv (^) 
paltry, ei>reXi^t, et 
animal, fcDor (rd) 
strong, Iffx^pdt 
power, ddpa/us (v) 


A gnat came to a lion and said : “I neither 
fear thee, nor art thou stronger than I. For 
what is^thy power? (say. For what to thee is 
the power ?) Dost thou scratch with thy (the) 
claws and bite with thy (the) teeth ? This even 
(/cal) a woman does, fighting participle) 

with her (the) husl^nd (dative). But 1 am much 
stronger than thou, and if thou wishest, let 
us go (iXBtaptp, subjunctive mood) even to war.” 
And the gnat bit the hairless face of the lion 
round the nostrils. Tlie lion scratched himself 
with hb own claws, until he was angry. Thus 
the gnat conquer^ the lion and went away 
{dxijXBe). But he fell into the snare of a spider, 
and lamented {dxwBdpcro) that he (had) conquered 
a lion, the strongest wild-bWist, but was 
destroyed (dvt^Xcro) by a paltry animal, the 
spider. 


Contmned 
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III 

Group 1 

PROFITABLE VEGETABLES AND FRUITS 

GABDENING 

Successful Cultivation of the Principal Vegetables. Market Packages. Why 

5 

English Fruit-growing is not Profitable. Fruit Trees and Bushes. Packing Fruit 

Oootiiiued from page 
(iOM 


By H. H. HAVART 


A 0 OLDEN rule for nuccess in profitable vege- 
table-growing, both in the private garden 
and for market purpoaon, is never to let the same 
crop grow on the same piece of ground two years 
in succession. When first the land or garden 
is taken in hand it should be divided into three 
sections : on one of these the root crops, such 
as carrots, parsnips, potatoes, etc., should be 
planted ; on the second, the cabbages, peas, and 
Mans ; and on the third, the light siuad crop, such 
as lettuces and radishes. In the second year the 
contents should be changed : the root crops should 
go where the salads have been ; the salads to the 
cabbage patch ; and the cabbages to where the root 
crops were the previous year. In the third season 
yet another change round should be made, each piece 
of land raising tne crop it has not hitherto borne. 
These remarlw do not, of course, apply to 
asparagus, while mushrooms, tomatoes, cucumbers, 
and seakale are generally most profitably grown 
under glass. 

AHichoKe and Asparagus. There are 
two kinds of artichoke, the globe and the Jeru- 
salem. Of the former the leaves are eaten, and of the 
latter the roots. The globe artichoke is raised from 
seed sown in early spring, and planted out 2 ft. 
apart every way. Deep, rich loam is the best soiL 
and coal ashes and seaweed are valuable as manures. 
These artichoke beds must have a deep covering of 
litter during the winter months. The Jerusalem 
artichoke is misnamed, as it is a native of North 
America. This artichoke should be planted in early 
spring about 18 in. apart, and in any well-drained 
soil. It requires little or no attention after plant- 
ing, though, if the soil is very poor, a little sulphate 
of ammonia may be applied, 

. Asparagus is a very profitable crop, but the 
reason that it is so expensive is because the capital 
and labour bestowed upon 
it must be looked up for 
at least four years before 
any return is shown. A 
i'ioh, moist loam is neces- 
sary. for ..the successful 
cultivation of asparagus, 
and it should be deeply 
dug, or even ploughed 
if Urge area, several 
months Dofore planting. 

In making a start it is 
best'' to procure one- 
year-old plants and put 
them in during the 
months of March or April, 
according to the season. 

Three years elapse before 
a main orop is ready to cut, though a few stalks may 
be obtained the second year. The asparagus bed 
should have a liberal dose of manure each autumn, 
and sprinklings of salt about once a month during 
the growing period. The roots should be in rows 
about 2 ft. apart, and 4 in, to 6 in. deep. If well 
looked after in the matter of autumn manuring, 

1 o 


an asparagus bed will continue to yield a paying 
crop for upwards of twenty years. 

Beans and Root Crops. The three chief 
varieties of beans are French, runner, and broad. 
The methods of growing are very similar ; they may 
either be sown under glass in boxes in early spring 
and planted out, or sown in the ox)en ground during 
March or April, followed by successive sowings at 
intervals of a fortnight to get continuous supply. 
Any loamy soil suits beans, but it should not be too 
crowded. Beans should be planted 6 in. apart, in 
rows, with 6 ft. between each row. Where grown in 
large quantities they are generally trained up sticks, 
but in small gardens they will thrive admirably 
against a wall or fence on horizontal strings or 
wires. 

Root crops include the beetroot, carrot, leek, 
onion, parsnip, and turnip. The bulk of the seed 
of these vegetables is sown in spring, thoi^h later 
sowings are made for successional crops. The best 
soil is a loamy one that is not too rich, and 
the presence of sand in it is usually found to be 
beneficial. Fresh manure is not desirable, as, in the 
case of the carrot and parsnip, it lias a tendency to 
produce forked roots. The manuring should be done 
immediately the previous crop has been lifted. The 
usual method of sowing is in rows about 9 in. apart, 
and the young plants are afterwards thinned to 
about a foot between each. The hoe should be used 
liberally between the rows during the growing 
season, to keep the surface soil stirred. Where grown 
on a large scale for market piupposes about 5 lb. of 
seed of either variety is sufficient to sow properly 
an acre of land — to use more than this is to do 
w^asteful. When the plants are about two months 
old a dressing of nitrate of soda should be applied, 
and the onion bed will benefit by a sprinkling of 
soot. It may be mentioned here, as a solitary 
exception to the rotation 
of crops that onions and 
leeks will thrive in the 
same ground year after 
year. 

The Brassicas. 

Broccoli, Brussels sprouts, 
cabbage, caulifiower [30J, 
and kohl rabi are all mem- 
bers of the m&t Brassica 
family, and though re- 
quiring to be sown at 
different times of the year 
are very similar in their 
requirements for success- 
ful cultivation. The soil 
must be well dug, and 
deeply, before they are 
planted, and the most economical plan is to sow* 
the seed first in a small bed, or even in boxes, and 
plant the young plants out about 2 ft. apart every 
way. This is better than sowing the seed on the 
land itself in the first plaoe, and thinning out after- 
wards, as by the latter method a large number of 
plants have to be wasted. Where cabbages, or 
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80. WALCHBRBN CAULIFW)WER 
Xt;e hardiest cauliflower 


•7 






similar crops, are* gro^ in large quantities for 
market it is, of course, necessary to devote a con- 
B^erable area of land to their cultivation. These 
large plantations are usually broken up by means 
of the plough, and at the same time a generous 
dressing of horse manure is applied, as this en- 
courages a full, rich growth. 

. Celery* To get celery at its best, seed should 
be sown as early in the year as possible in boxes, 
either in the hothouse or in a 
cold frame, according to the 
time at which it is desired to 
mature the crop. When planted 
out in the late spring, a deep, 
rich, heavily-manured soil is 
essential, ana the plants should 
be placed in ditches or trenches 
at least 1 ft. in depth, the plants * 
themselves being about- 9 in. = 
apart. These trenches ihust bo 
gradually filled in with 'soil as 
the plants make growth, for it 
is only by this means that the 
stalks can be kept white and ' 
crisp. This process is known* as 
“ earthing up,” and is carded . 
out three or four times at inter- 
vals before the celery is fully 

r wn. Plenty of water should 
given every other day until 



material should be put into a heap, the measurements 
of which should be, when made up, 2 ft 6 in. at 
bottom, 2 ft 6 in. high, and 6 in. wide at the top, 
and any length requim, the whole to be firmly put 
together. After making the bed, put stakes down 
the centre, by which to gauge the heat, and cover 
all with long litter ; after three or four days, pull 
out the stakes, and when the temperature is at about 
80® the bed is ready for spawning. Break the bricks 
of spawn into pieces about the 
size of a hen's egg, and put into 
the bed about 8 in. apart. 
Cover the whole with fresh, 

• fibrous loam, and beat it well, 
making the surface quite firm ; 
lightly water, and smooth the 

• surface with the back of a spade ; 
'finally cover up with long litter 
and Kussian mats to keep away 

‘ light, and excessive moisture. 

. Mushrooms may also be grown in 
any- shed or cellar where the 
temperature does not fall below 
45° ; the best site for a bed is a 
hard, dry floor. A moderate size 
■ bed would measure 6 ft. 0 in. by 
4 ft. 0 in. by 1 ft. When made 
up and well pressed down, in 
about six weeks mushrooms 
should show, and the bed should 


the celery is earthed up for the 31 3EAkALii PACKED POk MARKET then have a light watering with 

last time, when all water should * ^ 

be withheld. 

Salad Vegetablaa* Unless' 
grown largely for market pur- 
poses it is doubtful if ciicufnb&s 
are worth growing at all. 

Certainly they should be dis- ^ 
pensed with where the space 
under glass is limited. SCj&d* 
can be sown at any time during ' 
the first half of the year, accbi^- ' 
ing to the time at which the 
cucumbers are wanted. They 
must be planted in pots or pan^ 
of rich soil, and grown on ^n' 
heat until the mi£lle of May,^ 
when they should be plant^ 
out in a frame, or a hcaM bfed, ' ' 
if an early crop is desired. The 
cucumber likes much thoisture ' : 
at the root, and a rich, loamy 
soil 

Lettuce may be had pr^tically 
all the year round by grpwmg in 
a gentle heat in the winter, and 
making successive sowings out 
of doors in the spring and 
summer. The seed should be 
sown about 1 in. deep in gcK>d, 
rich soil, and the seedlings 
thinned out to about 8 in. apa^ 
every way. When grown in 
large quantities for market, 1 lb. 
of seed is sufficient to sow an acre of land. 

When lettuces are being forced in frames, or heat, 
the temperature should never be aJlow^ to fall 
below 65° F. 

Muahrooma. The best material of which to 
form a mushroom-bed consists of stable manure, 
half droppings and half litter, which should be first 
o! all well turned over every day for about three 
weeks. The following method of culture, recom- 
mended by Messrs. Carter, is an excellent one ; “ The 
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82. PEA QRADXTS 
The finest sort for market and private 
growing 


tepid water about every ten days, 
“ ' as** success depends upon main- 
-•taining an even temperature.” 

. Peas, Potatoes, Radish, 
and Rhubarb. Kick soil 
= and plenty of water are the two 
chiet ' requisites for successful 
jiea-grbwmg, and where syste- 
matic sowing is practised it is 
• possible to gather this vegetable 
from' May to November. A 
' little lime in the ground is an 
advantage, and the peas should 
be put in about 3 in. apart, in 
. 'rows 2 ft. from each other, 
, lettuces and radishes being 
sometimes planted in between. 
‘ -Peas may, with advantage, be 
forced under glass in a vinery 
^ after the grapes are cut, and 
^before new growth commences. 

' When sowing peas in May or 
June for late crops it is best to 
' soak them in water for an hour 
or two before putting into the 
ground 1 82 J. 

The ideal soil for potato culture 
is a well-drained, light, sandy 
loam. Wet soils must bo 
avoided, as they have a tendency 
to spread potato disease. 
Potatoes planted hj the middle 
of October in pots m a rich soil 
and a heated greenhouse will be fit for consumption 
at the end of the year, though they will not, of 
course, attain to any great size. They occasionally 
fetch verv high prices in the market but cannot 
be looked upon as a paying crop, os the demand is 
vetT. uncertain. Main crop potatoes may be planted 
early in April, about 12 in. apart, in rows 2 R awav 
from each other. The use ol tl^ hoe is beneficial, 
and the potatoes should not be dug until tho 
foliage has commenced to wither. 


OARDlNIliO 


Raiiah is a crop which may be had all the year 
round by sowing in frames during the autumn and 
winter, and in the open air in spring and summer. 

Radishes do best in a rich soil, as the growth is 
quicker under such circumstances. Radishes in a 

g oor soil are apt to be stringy, and hot and rank in 
avour. 

Rhvbarb should be planted in the late autumn or 
early winter, in mild weather, in good, well-drained 
soil. The best way to increase it is by division of 
the roots, and an early crop may be obtained by 
covering portions of a plantation with boxes or 
barrels. Much, indeed, of the so-called forced 
rhubarb is raised in this way ; but it may be had 
at almost any time during the year by forcing it 
in a temperatme of 
about 70* F. 

SeaKale and 
Spinach. The 
bwt method of cul- 
ture for aeakale LSI] 
is that recommended 
by the author of 
“ Vegetables for 
Profit ” : “A good 
sandy loam is best 
suited for this crop. 

Richness is essen- 
tial, and the area 
must be well 
drained, for, 
although a moisture- 
loving plant, no 
stagnant water must 
be allowed to 
accumulate. For this 
purpose the land 
must be deeply . 
worked. An o^n 
situation is desirable 
in order to bring the 
crowns on in a 
vigorous manner ; 
at the same time it 
should be as sunny 
as possible. After 
manuring, the area 
should be deeply 
ploughed in the 
early autumn, and 
the furrows left 
open throughout the 
winter. In the early 
spring harrow down 
and level. All weeds 
must be rigidly sup- 
pressed,* and the 

ground made quite 83 , espalier pear ox 

clean and friable 

before planting. If the soil be particularly light, 
roll after levelling, so ns to make it firm. Mark 
out in rows U ft. apart.” 

Sfinach is of very rapid growth, hence a 'sowing 
of it may be made at almost any time on ground 
that would otherwise lie idle for a few weeks, and a 
profitable crop obtained. Small patches of ground, 
nowever, should be employed in this way, ns the 
demand for spinach is somewhat limited. A deep, 
moist soil is the best, and the seed should be soak^ 
in water for a day before planting. Spinach should 
be sown in rows about 1 ft. apart, and very thinly. 

Tomatoes and Herbs. To ^ow tomatoes 
to any extent, especially if for market, it is necessary 
to cultivate them under glass. In a few favoured 



spots against a sunny wall or fence they will ripen 
out of doors ; but in our uncertain climate outdoor 
tomato culture, except as a hobby, is a risky and 
costly experiment. Seed should be sown ‘ in 
spring, and the boxes or pans containing it given 
a sunny iK>8ition in the greenhouse. As soon as 
the seedlin]^ are large enough to handle they should 
be planted out in the very small pots known a.*} 

“ thumb ” pots, and subsequently into others of 
5 in. in diameter. The tomato does not want a 
rich soil — old potting mould is quite good enougli 
for it ; neither is it k^ise to use animal manure. 
When the fruit is beginning to swell, a little chemical 
fertiliser may be used with advantage. 

Mint, thyme, sage, parsley, lavender, rosemary, 
and tarragon are the 
herbs most generally 
ill demand at the 
present day. For 
household use 
patehes of them 
may be sown at 
any time during the 
spring in ordinary 
garden soil, where 
space can be 
found in the kitchen 
garden. Growing 
herbs, drying them, 
and doing them up 
in neat packets or 
bottles for sale, is a 
branch of gardening 
that may well be 
taken up by ladies, 
as it is a clean and 
not unprofitable 
occupation when 
once a connection 
is established. By 
making one sowing 
of herbs, say. in 
April, and another 
towards the end of 
June, a constant 
supply all the year 
round is ensured. 

PacKing for 
MarKet. As in 
the case of fruit, it 
is a great mistake 
to mix vegetables 
of different qualities 
together in one 
receptacle. It pays 
far better in the 
end to take the 
SAR OX A WALL trouble of sorting 

the goods out into 
first and second qualities, and notify the sales- 
man of this at the time of despatch. Much is 
gained, too, from a commercial point of view, 
by clearing the earth from root orojis, as far as 
jiossible, before sending them away. A purchaser 
will always be inclined to give a higher price for 
vegetables so treated than he would for othew 
upon which he would have to spend a lot of time in 
removing dried earth before he could expose them 
in his sht>,. window. The majority of packages for 
the London and provincial markets are provided 
by the salesman who handles the goods. The nature 
of these packages necessarily varies a good deal 
according to what they are destined to hold. 
Local custom also determines their'form to some 
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extent, but the following are those in most general 

use. . ^ , 

Bushei.. a round basket 15 m. m diameter by 
8 in. in depth, and holding i cwt. of potatoes or 
plums, or about 5 i^ks of peas, or about 48 lb. of 
soft fruit. ^ ^ , 

Flat. An oblong, shallow basket, used for pack- 
ing cucumbers, and holding from two to three dozen. 

Half-busheu A basket of the same shape as a 
bushel, but 121 diameter by 6 in. in depth. 

Handle-basket. A basket chiefly used for packing 
grapes or tomatoes, and holding from 10 lb. to 12 lb. 
of the latter. It is somewhat oval in shape, and, as 
its name implies, has a handle over the centre. 

Pad. An oval basket larger 
at the top than the bottom, 
and usually met with in one 
of two sizes, holding 1 cwt. 
or J cwt. of potatoes re- 
spectively. Cabbage and lettuce 
are often market^ in pads. 

Punnets. These ore the 
familiar baskets made of 
shavings, and are of the follow- 
ing regulation sizes : Mustard 
and cress : diameter, 5 in. ; 
depth, 2 in. Mushroom : dia- 
meter, 7 in. ; depth, 1 in., 
holding about 1 lb. Radish : 
diameter, 8 in. : depth, 1 in. 

Seakale : diameter at top, 

8 in. ; bottom, 7J in. ; depth. 

2 in. 

Sieve. Another name for a 
bushel. 

Many vegetables are sold by 
the bunch. A bunch of herbs 
is a handful ; a bunch of 
carrots about 3 doz. ; tiu*nips, 

2 doz, : leeks, 1 doz. Bundles 
of such things as rhubarb and 
asparagus vary according to 
the season. What is generally 
known as a bundle of radishes 
is technically called a “ hand,” 
and 6 ” hands ” go to a bunch 
in the wholesale trade. A roll 
of celery is either 8 or 12 
heads, according to whether it 
is washed or unwashed. A 
score of lettuce or cabbage is 
22, and a tally 60. 

Fruit-growing. Profitable 
fruit-growing may be divided 
into two sections — growing for 
private use, and for the public 
market. In the former case the 
profit is arrived at by the saving 
which is effected in fruiterers 
bills. A well-managed private 
garden of any dimensions 
should be able to produce all 
the fruit required lor the household, except such 
tropical things as oranges and bananas, and 
though such a teat may tax the resources of the 
establishment where the tastes of the household 
run largely in the direction of nectarines and 
apricots, it should not be difficult of attainment 
where the hardier fruits are favoured. 

Competition in the Fruit Martlet. It 
is frequently 8t»ited that fruit-nowing for market 
cannot be carried on profitab^ in this country, 
owing to com [petition from the C^iannel Islands, 
France, the United States, and our own colonies. 
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Under present conditiongf ^}iis mgy be tnie to some 
extent, but it is for the British fruit-grower to alter 
these conditions. The foreign fruit growers send 
good, up-to-date sorts, carefully picked and packed, 
to compete with home-grown fruit. The majority of 
our own growers are content to meet this com- 
petition with fruit from worn-out trees and bushes, 
which ought to have been grubbed up and burnt 
years ago, and such fruit is generally throam higgledy- 
piggledy into dirty bushel baskets. 

Improving England's Wasted Or- 
chards. The author of “ The Wasted Orchards 
of England” admirably sums up the situation, 
as iar as fruit-growing for profit is concerned, 
in his little book ; ” It is un- 
doubtedly to the improvement 
of existing orchards that 
attention should first be 
directed, for . even with a 
moderate change the value of 
the English orchards could be 
increased very largely. . . . 

“ Trees that have become so 
old and decrepit as to be past 
recovery should be swept 
away, for they serve no useful 

I mrpose, but simply become a 
iorbour for insect pests of 
various kinds, 

“ All trees that p 08 .sess a 
moderate degree of vigour 
might be greatly improved 
by having their heads moder- 
ately and judiciously thinned, 
and their roots dressed 
with either natural or artificial 
fertilisers, good farmyard 
moAure being the best of the 
former, and super-phosphate of 
lime, muriate of potash, kainit?, 
and nitrate of soda the best of 
the artificials. If the varieties 
^re worthless, as in the majority 
of cases they are, and the trees 
are healthy, the orchards can 
be converted into a profitable 
state at a small outlay by 
grafting them with the finer 
cooking or dessert varieties 
suitable for the country. . . 

•* No apple or pear tree in a 
thrifty state should be cut down 
because the variety is indifferent, 
but should be grafted, as such 
trees, when grafted rather high 
up to admit of a score of such 
grafts being put in, form large 
and fruitful heads much more 
quickly then do newly-planted 
trees.” 

Many fruit trees ere grown 
in different forms, according 
to their position, and the quantity of fruit desired. 
In a large market garden the apple, pear and 
plum are best grown in the large form of. tree 
known as a standard, as this enables bush fruits, 
such as gooseberries and currants, to be grown 
underneath them, and thus effects an economy of 
space. Apples, etc., are themselves grown in bush 
form [86] m gardens of limited area where a good deal 
of fruit is required, while another form in which these 
trees may be trained is with their branches stretching 
out horizontally from the main stem (known ns 
es^iers), radiating upwards in a fan shape, or 
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trained to a i^rt of oom1>.ination of the two, called 
the pyramid. The fan and p^amid shaped trees 
are generally used against walls, with bird netting 
[88], while the espalier is most useful where the 
fruit and kitchen garden have to be combined, as 
the low-growing, horizontal habit of the trees 
renders them suitable for planting at the edges of 
beds filled with vegetables [SiJ. 

The Apple and Apricot. The apple may 
be planted in practically any soil that is not too 
heavy or clayey. A good rich loam is the best for 
most sorts, and a heavy soil may be improved by 
digging it out to a depth of ft., and putting in a 
layer of sand or road sweeping. The end of 
October or the beginning of November is the 
best time to plant, and the holes which are to 
receive the trees should be dug out a week or two 
before they are put in. After planting, the ground 
around the main stem of the tree should be covered 
with a layer of horse manure to prevent the winter 
frost reaching the roots. Pruning, which should be 
carried out the following 
autumn, should not be 
too severely done, only 
sufficient shoots being 
cut away to allow light 
and air to get to those 
wh'ch remain. Bush (86) 
and pyramid trees will 
require pruning every 
year, but the large 
standard trees not more 
than once in three years. 

The presence of lime in 
an otherwise loamy soil 
is an advantage when 
planting apricots. They 
need the ahelter of a wall 
when grown in the 0 })en 
in our climate, and are 
best planted in Inle 
autumn, the same time 
as other fruit trees. A 
south, or south-eaatcrn, 
aspect is best for them, 
and they do not require 
too much in the way of 
artificial stimulant. The 
flowers must be protected 
from late frosts in the 
spring — a layer of old 
fishing-net being usually 
sufficient for this purpose. 

When grown under glass the culture is the same as 
that of the peach. 

Cherries and Fio* most economical 
way of growing cherries is as standards, though, 
where space is available, a few of the choicest 
eating varieties may be given a position os fans or 
jiyramids against a south wall. The soil most 
suitable for them is a deep, well-drained loam, 
with a dry subsoil, and pruning should not b© 
overdone. 

The fig is a much neglected fruit. A well-drained 
soil and a wall in a sunny situation are its chief 
requirements, but the soil must not be too rich, or 
otherwise leaves, and not fruit, will be produced. 
Pigs need ample space, a« they grow rapidly, 
and the fruit should be thinned as soon as it attain-s 
the size of a nut, otherwise a lot of hard, immature 
figs will be obtained instead of properly develop^ 
ftniit. They may be grown in pots under glass in 
the ordinary way, startiug them in February in a 
temperature of aoout 50^ F. 


QAItIMINIilQ 

Grapes and Melons. Profitable grape 
culture is impossible out of doors in this country. 
In favourable situations during exceptionally fine 
summers the fruit will often ripen, but it must 
not be looked upon as a profitable crop, and is 
best grown in the open air merely for it*) ornamental 
value. Under glass, vines may be planted in the late 
autumn, if dormant ; or in the late spring if in a 
growing condition. A well-drained soil of loam 
mixed with lime, and a sprinkling of bone meal, is 
the best mixture to employ, shading the vines for 
the first few weeks from the full effects of the sun. 
A temperature of from 45° F. to 65° F. is sufficient 
at first, increasing gradually to 70° or even 80°, as 
the summer comes. Thinning grapes is a very neces- 
sary operation, and consists of snipping off small, 
badly-formed individual fruit when they are in an 
early stage of development, so as to allow those 
remaining on the bunch to swell properly. While the 
grapes are developing, give frequent doses of weak 
liquid manure. Grapes are sent to market in 
shallow baskets, each 
holding from six to ten 
bunches according to 
si?e [85], 

To grow melons as a pay- 
ing crop they should have 
a house to themselves. The 
seeds should be sown in 
pots at the beginning of 
the year, and kept in a 
temperature of at least 
05° F. When they are 
about a month old they 
may be planted out in 
their permanent quarters, 
a hot bed, which consists 
of stable manure over 
" which good rich loam has 
been spread and firmly 
pressed dowm. The tem- 
}ierature should then be 
gradually raised to 75° F. 
as the fruits develop, and 
they should be liberally 
supplied with water. To 
obtain properly-developed 
fruit, melons must be 
artificially fertilised by 
taking pollen from the 
male flower and placing 
it ui)on the stigma of the 
female. Melons fruit from 
five to six months after planting, and a succession 
may be obtained by later sowings. 

The Peach and mother Trees. Where the 
peach can be grown out of doors, as it is possible to 
do in warm spots, its culture is the same as that of 
the apricot ; usually speaking, however, it must 
bo grown under glass. Peaches should be planted in 
September against the wall of the house, or trellis, 
at a distance of about 10 ft. to 12 ft. apart. A good, 
deep, rich, loamy soil is its favourite, but where 
this is not available ordinary garden soil with lime 
rubble added to it, and a few wood ashes, form an 
efficient substitute. The tree should commence at 
a minimum temperature of 46°, rising ^adually to 
85° as the fruit swells. At this period copious 
watering is necessary. To get the best fruit, the 
tree should be thinned freely — in fact, a space of 9 in. 
every way should be left between individual fruits. 

The pear thrives under practically the same con- 
ditions as the apple, and is usually grafted on to 
the quince stock, though sometimes on to another 
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pear. Where the latter is the ease a ^[reater depth of 
soil is required for suooessful cultivation, as the 
roots of the pear reach further than those of the 
quince. Early pears should be gathered and eaten 
almost immediately ; but late, or what are khown 
as winter, pears should not be left on the tree- after 
the middle of November. At about this period 
th^ should be picked, and stored in a cool room. 

l^he plum, damson, and greengage are most ac- 
commodating fruit trees as regards soil. The plum 
flourishes, indeed, as far as fruit bearing is concerned, 
better in a light soil of moderate depth than in a 
deep, rich one. Plums are generally increased by 
budding or grafting, but greengages and damsons 
may be grown direct from the stone, planted late in 
the autumn. To get dessert plums to the highest 
pitch of perfection they should have the shelter 
of a wall, and, preferably, a southern aspect. When 
grown as standards they should be planted about 
l8 ft. apart every way. Care must be taken to keep 
the roots cool in hot weather by means of mulches. 

The Strawberry and Bush Fruits. 
To have a supply of strawberries over the longest 
possible period it is best to have at least two 
plantations— one facing south or south-west for the 
early crops ; and another in any sunny quarter for 
the later kind. Any ordinary loam will suit this 
fruit ; but, as “ The Strawberry Manual ” says, 
* * In the preparation of beds that are intended 
to be occupied for some years, thorough cultivation 
is desirable, and in the case of soil that is not in 
satisfactory condition it is essential. Bastard 
trenching is then the safest proceeding, turning the 
soil to the depth of two spits (20 in.), keeping the 
bottom spit down, and breaking the subsoil if it is 
at all hard or ‘ panned.’ A heavy dressing of 
farmvard or stable manure (20 to 30 tons per acre) 
should be well incorporated in the soil as the work 
proceeds, and if a bed is carefully prepared in this 
way it will, with annual supplies of manure, give 

f ood results over as long a period as strawberries can 
e profitably kept upon the same land.” The best 
time to plant is in the late summer or early autumn, 
when the danger of drought is practically over, 
and a distance of 2 ft. apart every way is the safest 
one for the plants. When the flowers are formed, a 
layer of straw should bo placed upon the surface 
of the ground, upon which the fruit can rest and 
rixfen, and also to protect it from being mud-splashed 
by heavy rains. All gatheriifg of fruit should be 
done in the early morning. 

For forced strawberries the soil in the pots should 
consist of loam with a little sand, and the addition of 
some bone meal. The pots must be well drained, 
and should be started in November in a temperature 
of 45°, advancing gradually to 70°. When the 
fruit begins to swell, nitrate^ of soda, or nitrate of 
potash, in the proportion of one ounce to two 
gallons of water, may be used as a stimulant. 

The Bush Fruits. The currant, gooseberry 
and raspberry flourish under very similar con- 
ditions — the black currant preferring a spot which 
is more moist and shady tlum the others. To obtain 
the best results, bushes should not be {Wanted too 
closely together, as. if this is done, it is impossible 
for them to develop properly and yield a good 
crop of fruit. About 5 ft. apart every way is a 
safe rule 1o remember, and from 2 ft. to 3 It. for 
raspberries. Planting and pruning should be done Jn 
the autunm, and, for the reasons of light and air 
just mentioned, the latter operation should be per- 
formed so that the centre oi the bush is left open. 
The orthodox garden loam, especially if a trifle sandy. 


suits aU these fruits well. The profitable life, of a 
fruit-bush is rarely moi« than six years, and at the 
end of this time it should be replaced with young ones. 

Storing and PaclUng Fruit. For use 
during the winter and early spring months it is 
necessary to store quantities of apples and pears. 
The common praoticq of doing this, by relegating 
the fruit in heaps to the floor of an outhouse, and 
covering it with straw, is wrong and wasteful, and 
generally leads to the bulk of the supply becoming 
rotten and worthless. The proper way to store 
such fruit is upon tiers of wooden shelves in a 
building erected, or adapted, for the . purpose, so 
that a current of air can circulate freely through all 
parts of it. The middle of November is quite late 
enough to gather fruit for store purposes^ and all 
that is unsound should be rejected. It should also 
be gone over at intervals of, say, a fortnight, and 
any that show signs of decay picked out and 
thrown away, as otherwise there is danger of the 
whole stock becoming infected. For the same 
reason the apples and pears should not be allowed 
to touch each other if possible. 

Apples and pears are usually packed for market 
in bushel baskets, or, in the case of apples, barrels 
which hold about three bushels each. The fruit should 
be carefully sorted into different qualites before 
packing, and the omission to do this is one of the 
reasons which has led the English grower to suffer so 
much at the hands of his foreign competitors. 

The bulk of the bush fruita are also sent to market 
in bushel baskets, except in the case of a few of the 
choicest dessert varieties, which come in small straw- 
berry baskets called “punnets.” The punnets nre^ 

g acked in shallow trays each holding six or a dozen 
oxes, and these trays ai'e again fitted into a larger 
box. The main crop of strawberries is marketed in 
“ pecks,” baskets holding about 12 lb. of fruit. 

PacKing Nectarlnea and Peaches. 
The utmost care must be used in handling and 
peusking peaches and nectarines, as the slightest 
bruise, often indeed the mere pressure of a finger, is 
sufficient to set up decay. The orthodox market 
peach box is 2 ft. long, 14 in. wide, and 4 in. deep. 
The author of “ The Book of the Peach,” Mr. H. W. 
Ward, F.R.H.S., gives the following excellent 
directions on the subject of packing peacmes : “ The 
wood-wool should be placM inside the individual 
boxes to the thickness of 2 in. or 3 in. Then (the 
fruits having been previously wrapped m squares of 
tissue paper sufficiently large to admit of the ends 
being twisted together immediately over the crowns 
of the individual fruits) make an opening in the wood • 
wool with the fingers at the end left-hand side of 
box sufficiently large to deposit a fruit therein, 
repeating the operation until the box is filled with 
fruit, being careful to leave a partition of wood- 
wool between each row of fruit every way in packing, 
in order to ensure the fruit reaching its destination 
in perfect condition. Put a sprinkling of the 
wood-wool over the fruit thus paoxed before fasten- 
ing down the lid of the box. Shallower boxes 
may be used for packing nectarines in, as the fruits 
are smaller than peaches. In packing peaches for 
market, strips of tissue about three inches wide 
are used instead of square pieces. These, being 
doubled, are wrapped two or three times round the 
individual fruits half way up, and then deposited 
that depth in the wood-wool in the manner indicated 
above. A double sheet of tissue is then placed 
over rile packed fruit, followed by a laver of wood- 
wool oi the proper thtekness to admit of the lid 
•hutting down closely on the box.” 


Continued 
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By J. M. 

should begin with a camera that is simple to 
manipulate and cheap to work. The older 
books recommend us to start with a stand camera. 
Th’s may be all right if we start photography in 
winter, when most of our exposures have to be taken 
indoors or in dull weather. But summer is the beat 
season to begin photography, and for summer the 
hand camera is the thing. We start, therefore, with 
a hand camera of the box form. We can use this 
as a stand camera quite easily, as even the cheapest 
makes have now an arrangement for time exposures 
as well as snapshots. Some of these cameras can 
be had as cheap as 5s. But if wo reckon up the 
cost, we find that it is cheaper in the end to 
begin with a quarter-plate camera, giving pictures* 
41 in. by 31h in., and using glass plates, not celluloid 
or similar nlms. Plates of this size cost very little 
more than the smaller sizes, and are only half the 
price of films. The worst of a roll of films is that 
we have to wait till the whole set of six or twelve 
has been completed before we can develop, and in 
our impatience to complete the roll we are tempted 
to take snapshots that we do not really want. This 
is a most insidious way of running up the expense. 
Again, fiat films are more expensive than glass 
plates. 

The Modern Hand Camera. A number 
of excellent hand cameras of quarter-plate 
size, with twelve sheaths for plates, can be had for 
a guinea each. If we look about, we can get one 
of last year’s make for still less. By the time 
these words appear in print it will be easy to get 
cameras of the 11K>0 make at a reduction, as dealere 
desire to clear their stocks for 1907. Secondhand 
cameras can be got still cheaper, but it is inadvisable 
to buy a guinea camera of a make earlier than 1905, 
as the fierce competition has made many im- 
provements in small hand cameras during the last 
two years. The guinea hand camera has now, as a 
rule, diaphragms for “ stopping down,” an excellent 
shutter, focussing glasses (usually called magnifying 
glasses), and even a colour screen for landscape 
photography. The lenses also are greatly improve. 
One make (the No. 1 Clito) has even a rack and 
pinion focussing arrangement, the box form covering 
a bellows beneath. This is, perhaps, best of alt, 
as it is better to focus with a single lens than by 
placing the so-called magnifying glasses in front. 
Wo must, however, get om dealer to guarantee our 
camera as light-tight, so that if we find any pin holes 
or cracks which let in the light and spoil our nega- 
tives, wo can get another camera in exchange. 
This the dealer will do in the hope of retaining our 
custom for photographic materials. 

What will photography cost us, and what 
materials shall we require ? Provided we have, to 
start with, a camera, a ruby lamp (from Is. 
upwards), and three dishes (which may be had at 
5d. each in xylonite), it should work out, allowing 
for failures, at about 1^. per print. 

Tke Nature of the Camera. But before 
we go on to the practice of photography we ought 
to imderstand the meaning of the terms in common 
use among photogi^aphers, some of which we have 
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already used, and we ought to know how it is 
that the camera enables us to take photographs 
at all. 

Take our guinea box-form camera and examine it. 
In the front end there is a hole in which a curved 
glass is inserted. This curved glass is the lens. 
At the back end is an arrangement for holding the 
plates. When the camera is closed, the only light 
that can reach the front of these plates must come 
through this lens, and the reason why the glass of 
the lens is curved is that this curvature concen- 
trates the light on the photographic plate. The 
lens is covered up with a metal dis3 called the 
shutter. We press a knob and the “ shutter ” 
moves aside for a moment to let in the light and to 
make our “ exposure.” 

Now the concentrated light coming through the 
lens forms an image on the photographic plate 
corresponding to the image which we receive through 
the eye. For the eye itself is only a kind of lens, and 
scientists have actually been able to take photo- 
graphs through the eyes of animals placed in speci- 
ally prepared cameras. 

All the coloms of Nature are reproduced in this 
image which comes through the lens. We can see 
this for ourselves in cameras which have a ground 
glass at the back end, or in the view-finder of our 
guinea camera, which showa a similar image to 
tliat thrown on the photographic plate. 

How a Negative ie Made. Now, to 
understand how a negative is made, we must under- 
stand how light and colour affect the photographic 
image. Here is a rough description which will 
serve our purpose. Light is reflected from objects 
in Nature as different colours, according to the 
particular rays absorbed and reflected [see page 
3728j. Now the ordinary photographic plato is 
more rapidly affected by — is more “ sensitive ” to 
— some colours than others. Suppose we are 
photographing a landscape made up of a blue sky, 
a yellow house, and ,a girl with a red dress. The 
photographic plate is most sensitive to the blue. 
Then comes the yellow, and, last of all, the red. Of 
course, the quantity of light conveyed by any of 
these colours may vary according to the strength 
with which these objects are lighted — for instance, 
by a sunlx'am — and so modify this general truth. 

Now the sensitive stuff (itself of a yellowish -white 
colour) fixed on the glass plate has been sdfocted 
by being exposed to the colours, but so slightly 
that the affection is not visible to the ^e. This is 
where the ” development ” comes in. The sensitive 
plate, after exposure, is taken into a dark-room 
and treated with certain chemicals. These chemicals 
darken the parts that have been affected, and clear 
away the rest. The result is that where the blue 
sky hit tlie sensitive plate we have the darkest 
marks ; where the yellow house, we have medium 
darkness ; and where the red dress, we have it much 
lighter. Where there was hardly any colour at all, 
as in deep shadows, we have the plate quite trans- 
parent. This, then, is the negtmve, in which the 
co'omred imago is reduced to a reversed and trans- 
parent image in black and white. 
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The Print, Now we have to make the print 
A piece of specially-prepared paMr is laid clow 
against the negative, so that the light can reach it 
only through the negative. The light naturally 
passes most quickly through the most transparent 
parte of the negative and most slowly through the 
^rkest parts. The result is that the paper is 
darkened most at ths most transparent parte of 
the negative (where the shadows and the red 
dress were), then at ‘the part corresponding to 
the yellow house, and, least of all, at the part 
corresponding to the blue sky, which remains 
almost white. In this way we get the print of 
our photograph. In tabular form we may express 


it thus : 

Nature Negative Print 

Blue Dark White 

Yellow Darkish Darkish 

Red Light Dark 

Deep shadow Transparent Black 


The Dark-room. Don't imagine that the 
“ dark-room ” is merely the drawing-room with the 
blinds drawn down, ft is a room from which every 
chink of daylight or gaslight is excluded. Nearly 
every house has some little room or pantry or bath- 
room which con be used as a dark-room. Any 
room, of course, can be used as such at night. 
But a dark-room can be made for use by day by 
covering the windows with two coatings of the 
specially prepared red cloth sold by photographic 
dealers at from lOd. to Is. per yard, and then 
by stopping up the chinks and the keyhole in 
the door. 

Some plates are more susceptible to light than 
others. These are called faster. We should use 
fa.st plates from the very beginning. They cost 
no more, and they are so well made nowadays 
that they are just as easy to manipulate. There 
is less chance of under -exjiosure with a good 
fast plate, and the beginner is inclined to under- 
expose. If the light is too strong, we can easily 
stop doum. Our guinea camera has probably 
three “ stops ” or holes in metal discs in front of 
the lens, which “ stop out ” superfluous light. 
The smallest hole — probably marked “ / 22 ” 
— should be used on the brightest of bright 
summer days, but for an ordinary sunny dny 
the middle sized hole — probably marked *‘/ II — 
will do. 

If fast plates arc used, particular care must be 
taken that the dark-room in which the camera is 
loaded and the plates are developed is absolutely 
free from any light except that of the ruby lamp, 
or the red light that comes through the windows 
covered with the special cloth already described. 
The least trace of other light would probably ruin 
the plates. Good fast plates by most makers can 
be had at Is. a dozen. These are usually wrappei 
inside the box in three parcels of four each, and in 
the packets of four are two pairs of negatives, 
arranged so that in each pair the sensitive sides 
of the negatives lie against each other. In this 
way we can tell in a dark-room, even without the 
aid of a lamp, which is the sensitive side of the 
negative. The sensitive side must, of course, 
face outwards and towards the leu? in the sheath 
and in the camera. 

The first maps we should take in sunlight only, 
l^ave the grey days for the man with a 
guinea camera. Nine-tenths of the belt photo- 
graphs are mode out of sunlight and s^rkle, and 
the sunny photograph is the easiest to develop and 
to manipulate. 
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CleanlifieM, Here are four rules that' we 
should write and paste up on our door : 

Keep your hands clean. 

Keep your dishes clean. 

Keep your lamp clean. 

Keep your camera clean. 

Suppose we have made one or two exposures, 
and wish to develop our negatives. Wnat de- 
veloper are we to use ? There are dozens available, 
but we do not need to know of more than one or 
two. Hydroquinono is usually recommended for 
beginners, because it does not stain the fingers 
and the same dish will develop many negatives. 
Pyro-soda is, however, a far better developer, and 
if we rub our fingers with lanoline before developing, 
and wash our nonds afterwards, they will not be 
stained. Another developer which combines the 
brightness of pyro-soda with the cleanliness and 
durability of hydroquinone is ortol ; but country 
chemists do not always stock this. It is rather 
more expensive than pyro-soda, but as it can be 
used both for gaslight papers as well as for nega- 
tives, it has its advantages. 

It is far cheaper to make up our own solutions. 
If we look up the price-lists of the average London 
dealer, we will find that hydroquinone and pyro-soda 
arc sold in solution in bottle \ at Is. 3d. for 20 oz. 
If we buy these developers even in made-up powder 
form, and make up our own solutions, wo can get 
48 ozs. for Is. If we buy the chemicals separately 
by the jwund we can save still more. We can buy 
16-oz. medicine bottle? from our chemist for two- 
pence each, and as these medicine bottles are 
marked out on the back into equal parte corre- 
sponding to “ tableepoonfuls,” we can measure the 
quantity of our solutions with ease and oionomy. 

If we do not wish to go to the expanse of buying 
scales, we can get our developer in tabloid form, 
accurately measured for us and made up. The 
Tabloid Brand pyro-soda gives us 40 oz. for Is., 
and so, too. with the hydroquinone. A point to 
rememW in connection with our home-made 
solutions is that there must be no grains of powder 
floating about. The powder must be perfectly 
dissolved, otherwise we shall have spots on our 
negatives. 

An Economical Developer. Here Is a 
simple formula for a developer : 

PvBO-soDA. — No. 1 : Sulphite of soda, 0 oz. 
(sold at 8d. per lb.) ; water, 32 oz. ; pyrogallic 
acid, 1 oz. (sold at KM. per oz.) ; citric acid, a^ed 
after the solution of the sulphite of soda, in suffi- 
cient quantity to turn blue litmus paper rod (sold 
at 2d. i^er oz.). 

No. 2 : Carbonate of soda, 3 oz. (sold at fid. 
r lb.) ; carbonate of potassium, 1 oz. (sold at 
. per lb.) ; water, 32 oz. 

Keep these solutions separate till just before 
development. An ounce of each combined in a 
dish with another two otmees of water will develop 
two or three quarter-plates in rapid suooossiou. 
When the developer negins to got very brown, 
throw it out of the dish and mix some more. In 
hot weather more water may have to be added, 
oth'*<*wi 9 o the developer ante too quickly. In cokl 
weather .water should be added. The No. 2 
solution is the accelerator, and may be increased 
when the image is slow in appearing. Any number 
of variations on this formula —and, indem, almost 
every formula for almost every devel<mr — may be 
found in the ** Bptish Journal Photc^raphio 
Almanac (price Is. 6d.), the most useful of aU 
annuals. If we calculate, we And that by makh^ 
up bur own solutibns we' get 144 os. of pyro-soda 
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for 1b. instead of the 20 oz. for Is. 3d. sold 
in bottles by the retail chemist. Of course^ it 
is not necessary to make up <suoh lar{|;e quantities 
at once, but these proportions should be kept 
approximately. 

The Proceee of Development. How, 
now, is the developing carried out, and what do we 
see ? The plate is immersed, sensitive side up- 
wards, in tl^ developing solution, and the dish is 
gently rocked, care being taken that the whole 
surface is covered. We can tell which is the sensitive 
side of the glass, as it has a “ matt ” (dull) surface, 
whereas the glass side is glossy. Very soon we 
see dark spots appea* ing on the light surface, and 
then a reverse image of the picture we have 
taken builds itself up. This gradually darkens all 
over till the image is lost again in darkness. The 
negative is fully developed when we can see a 
suggestion of the image on turning the negative 
over carefully and looking at the glass side. 
Experience with a few negatives will soon show 
the depth to which it should be developed. 

Fijcing the Negative. When the nega- 
tive has been sufficiently developed, it should be 
rinsed in a basin of clear water, and then “ fixed ” 
by immersion in a dish ^ solution of 

“ hypo,” still in the dark-room. A pound of hy|>o 
(sodium thiosulphate) costs 2d., and when dissolved 
in 60 oz. of water — or proportionately — makes the 
fixing solution. The negative is left in the fixing 
solution till it is perfectly clear and transparent, all 
trace of white on the back being cleared away. 
Leave it five minutes longer still, R)r safety’s sake. 
In hot weather, when the sensitisrd surface of the 
glass is apt to frill, the plates should be immersed 
in a 20 per cent, solution of alum, and rinsed, before 
fixing. Never use warm water. The developing 
dish must be used for developing only, and a 
separate dish used for fixing. 

Now that the negative is developed and fixed, it 
must be washed, as the hypo has to be removed. Put 
it in a basin of water, which is slightly tilted under a 
tap, and keep the water running for at least thirty- 
five minutes, llon’t turn on the tap too hard. 
There are specially-made dishes for washing, but a 
basin does quite well The negative may be taken 
out of the dark-room for examination after it is 
fixed and before washing, but it should be washed as 
soon os possible, otherwise crystals will form on the 
surface. Remember that the sensitised surface is 
very easily scratched and spoilt by finger-marks. 
Hold the negative gingerly. 

When the negative is washed, we lean it on a shelf 
against the wall to dry. At the end of five minutes 
we shift it slightly, as we find a small pool forming 
at the base of the negative. We must not print 
from the negative till it is quite dry. As a rule, a 
negative left over-night will bo dry in the morning. 
If we wish to dry our negative quickly, we immerse 
it in methylated spirit for. ten minutes, and it will be 
dry in half an hour. 

Printing. In printing it is usual to begin 
with the paper callM ” P.O.P.” There are dozens 
of good makes, and that with matt surface is more 
artistic and stands more knocking about than the 
fflossy kind. The negative is placed in a printing- 
frame (costing about 5d.), glass side downward^ 
The prepared side of the paper (it curls inwards) is 
plaoM in contact a^inst the upper (sensitised) side 
of the negative. An insertion at the back holds 
everything in posilaon, and the frame is placed in 
the window-sill or opm air to print. We follow the 
directions on the b<mk of thee paper we buy for the 
dop^ to whfoh we must print If we are to use the 


“combined toning and fixing” bath, we must 
probably print a little deeper than the picture 
which we ultimately expect, as a certain amount 
is cleared away in the solution. 

The combined toning and fixing bath is simpler 
than the two separate baths, and, with care, can be 
made to produce almost as permanent results. Biit 
if we want really permanent results, we had much 
rather choose the more artistic process of carbon 
printing, described later on in this course. 

If the combined ,bath is used, no preliminary 
washing, as a rule, is necessary. If we use the two 
separate baths, the prints must be immersed in 
water till it becomes milky. Formula) for making up 
the solutions for the separate baths are supplied 
with the various kinds of paper. As each maker 
has his own formula, we do not repeat any here, so 
as to avoid confusion. After the bath, or baths, 
the prints must be washed for about an hour in 
running water, and always kept moving, as they 
will not wash properly if allowed to lie on the top 
of each other. 

We find it much cheapest to buy our combined 
toning and fixing bath in powder form. The retail 
chemist will sell, us this bath in bottles containing 
abqut 16 oz. for Is., but we can make 32 oz., for 
instance, from the Is. tin of the Agfa “ neutral 
toning and fixing salts.” If we wish to make up 
the whole of our own solution, a formula follows. 

Combined Toning and Fixing Bath. 
CJhloride of gold, 2 gr. (usually sold in tubes 
containing enough for five or six such baths, and 
costing about Is. 9d. each) ; nitrate of lead, 10 gr. ; 
chalk, J oz. ; hypo, 4 oz. : water, 20 oz. Shake 
the solution, and use the clear portion when it has 
settled. 

If we have only evenings to spare for printing wo 
may try the gaslight papers. Here the exposure is 
made by holding the printing frame at a short dis- 
tance from an artincial light, for some time, 
which varies according to the make of the paper. 
Follow the directions always attached to the cover 
of the packet. The paper is then developed as 
if it were a negative, in a developer such as ortol, 
which is conveniently made up from the tabloid 
brand of chemicals. This is cheajKjr than the 
gaslight developers sold by the makers of the 
various papers, and quite as good. After develop- 
ing, the paT^r is fixed in a hypo solution and 
washed, just like a negative. 

The self-toning papers should also be tried for the 
sake of variety. I’hese, as a rule, require only to 
be fixed in a hypo solution, and often give artistic 
results. 

Taking Portraits. Nothing is more difficult 
than to take a good portrait, cither indoors or out 
of doors. But at the same time nothing gives us 
more pleasure when we have really succeeded. 
Very ofthn the out-of-door snapshot gives the 
most living impression. But at the same time 
this is apt to lack dignity, and the portraits th )t 
give the most lasting pleasure have repose. The 
exposure for an interior, portrait depends on the 
lignting of the room^ and can be gauged only by 
experience. Try three seconds to begin with. In 
portraiture, esj^ially with a cheap camerc^ the 
great danger ues in the perspective. The hands 
or the feet come out too large, and big feet arc 
apt to end in bad tempers. The reason why the 
ordinary lens distorts is too elabcorate to explain 
here. But it exists. The safest way of avoiding this 
distortion is to keep the sitter as nearly as possible 
in a plane parallel to the front of the camera. For 
instance, if we have a fascinating young lady in a 
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deck-chair, we do not plant her facing ub, with her 
face towards us and her head leaning back, unless 
we wish her No. 3 shoes to appear in the photograph 
as larger even than her matinee hat. Rather place 
the chair sideways. A standing pose, as a rule, 
avoids distortion. The nearer the camera is to the 
sitter the more danger there is of a freak photograph. 
On the other hand, if we are too far awa^ we are apt 
to have the portrait too small. The Bond Street 
photographer gets over this difficulty by having 
an expensive “ long-focus lens. With our guinea 
camera we must smect our poses to suit our sho* t- 
focus lens. A maxim to keep in mind is : "" Not too 
near, yet not too far.” 

The choice of background is very important. It 
must be remembered that the camera is apt to pick 
out more detail than the eye notices. So far as pos- 
sible, it is advisable to look out for backgrounds that 
are quite simple, and do not interfere with the in- 
terest in face or figure. The colour of the back- 
ground is also important. Greens and reds and 
yellows come out darker than we should expect. 
A background of green leaves in a garden picture is 
often disappointing for this reason. A little experi- 
ence and observation will soon teach us what to avoid 
in this direction. In interiors, greys come out more 
as we should expect than do pure or vivid colours. 

A Natural Pose. As to the attitude of the 
sitter, a natural attitude is far the most interesting 
even though it may not be found in any picture by 
Reynolds. Far too many “ posey ” portraits are 
made nowadays. We are apt to forget that the 
poses found in the great portraits of a hundred years 
ago were natural to the costume of the day. Modern 
dress suggests new graces. If we must study pictures 
for poses, we should rather go to a modern painter 
such as George Henry, A.R.A., whose portraits 
may be seen at the Academy or New Gallery, and 
are often reproduced. But, best of all is to do what 
the great portrait painters themselves have done, 
study Nature and the natural jwse. 

In portraiture, both indoors and out of doors, the 
value of backed plates (costing 3d. per dozen extra) 
is incalculable. The backed plate undoubtedly 
retains more detail and more subtlety of gradation 
than the unbacked. The cost is very little more, 
and anyone who once begins to use backed plates will 
very soon use no other. A camera in which backed 
plates are used requires most careful dusting, as the 
material used in many kinds of backing is apt to 
rub off, and ultimately produce spots, unless the 
camera is kept rigidly clean. 

As already explained, the up-to-date cheap hand 
camera of to-day can be used with success for 
interiors as well as snapshots, as there are arrange- 
ment? for time exposures and for the accurate 
focussing of near objects. Where the object is to 
show part of the room in which a person is sitting 
or working, the lens must bo stopped down to at 
least “/ 11,” otherwise part of the picture will be 
out of focus. In a small room, or where there 
are near objects, a still smaller stop must be used. 
The value of tlie backed plate will be appreciated 
if a window or highly lighted article, such as a 
silver ornament, comes into the picture. 

Hints for Development. If the picture 
flashes up too readily in the developing dish, and 
we suHpect over-exposure, we can slow down the 
development by rapidly and gently wiping the 
surface with a piece of cotton -wool dipped in a 
10 per cent, solution of potassium bromide. In 
developing negatives of interiors, w’e should always 
have this handy. Even in the cose of backed 
plates, a window is nearly always over-exposed 
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and shows hallation — a blurred appearance round 
the edge of a light object. With the cotton-wool 
and potassium bromide, we can arrest develop- 
ment locally. Our knowledge of negatives can bo 
acquired only by experience, but the more wo 
know, the more we value this power of local treat- 
ment in the earlier stages. 

As the modelling of a face depends so much on 
infinitely slight gradations, the more detail we can 
keep in the negative the better. We can simplify 
afterwards, if we like, by the use of special papers in 
printing. But a negative is never the worse for 
detail. To secure this detail, slower development 
is advisable in the case of portraits and interiors. 
The developer may be W'eakened to half strength. 

Our guinea camera has probably a “ colour 
screen,” a piece of yellow gloss which may be in- 
serted in front of the lens. j"his greatly improves a 
landscape photograph, and is especially useful for 
dull days. The exposure, however, must be 
increased three or four times in length, and isochro- 
matic plates should bo used. 

Flashlight. We can take portraits in the 
evenings by fiashlight. For these the ready-made 
flashlight candles may more safely be recom- 
mend^ than magnesium ribbon or powder. These 
require no apparatus, and are easy and safe to use. 
The tendency is to imder-expose in the shadows, 
so that as much reflection us possible may be 
thrown on the sitter from newspajjers or light 
wallpapers. The farther away from the sitter, the 
weaker is the light ; but at the same time the 
light should be placed in a position so as not 
to fall directly cither on the lens or on the eyes 
of the sitter. 

In the case of portraits, vignetting can often be 
used with advantage. We can easily make vignet- 
ting cards ior our^ves. We cut an . oval or circle 
of a little less than the desired size out of a piece 
of dark coloured paper — for instance, the black 
paper in which P.O.P. is wrapped — then wo snip 
round the inside edge of this circle or oval, and 
push up the edge made in this way into a sort of 
frill. We print with this frilled oval or circle in 
front of the frame. The frill softens the edges of 
the resulting vignetted picture. 

Intensification and Reduction. By 
the time we have taken a few dozen negatives we 
realise that some are over-devoloi)ed and too dense, 
and some are too thin. These can be remedied by 
” reduction ” and “ intensification,” processes 
which are really very easy, though they entail the 
use of )K>isons. 

For intensification, the solution most commonly 
stored by the chemist is the uranium intensifier. 
A better intensifier, which, however, must be 
handled with great care, as it is very poisonous, 
is the mercury and ammonia intensiner. This 
is used by most professional photographers, but 
will not be sold readily by chemists to young 
people. The negative is immersed in a saturated 
solution of biemoride of mercury — four penny- 
worth will go a long way, and it can be used over 
and over again — until it is bleached. It is then 
washed for at least thirty-five minutes in running 
water. We then immerse it in a very weak solution 
of ammonia — 10 minims of strong ammonia to 
10 oz, of water~till it is quite blackened again. 
All negatives must be thoroughly clear of hypo 
before intensification. 

The cheapest, and in many respects the best of 
reducers is ferricywide of potassium, a poison 
that must be handled with care. A pennyworth 
will go a long way. It is usually sold in small 
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plate dish of water. The negative need not be 
cleared of h 3 rpb before reduction, and a little hypo 
should be added to the solution. Watch tne 
negative carefully. As soon as it is reduced to the 
required density, wo wash it at once under a tap 
for half an hour and leave it to dry. A negative 
that is already dry must be soaked in water till the 
film is soft again before intensification or reduc- 
tion. Negatives that have been dried with methylated 
spirit do not reduce or intensify so well as those 
ari^ in the ordinary way, 

Enlargaments bv Daylight. When we 
have made some suocessnil pictures with our ^inea 
camera we are sure to b^ome more ambitious, 
and anxious to make larger pictures. To do this 
it is not necessary to get a larger camera, but we 
can supplement our quarter-plate with an enlarging 
camera. There are two kinds of cameras for en- 
larging, one for daylight and the other for artificial 
light. A daylight camera which will enlarge from 
quarter-plate size (3i in. by 4^ in,) to whole -plate 
(fij in. by 8J in.) can oe bought for 78., so the initial 
expense is not very great. We must, however, 
buy larger diahes for the larger size of paper. Two 
whole-|uate dishes will be required, costing about 
lid. each. A packet of twelve sheets of bromide 
paper, whole-plate size, costs 28. We can therefore 
roughly estimate the cost of each print at 4d. to 
cover the cost of the enlarger and the waste. In 
the daylight enlarger of fixed focus, enlarging from 
quarter-plate to whole-plate, the light passes 
through the negative and then through a lens, so 
that uie image is projected upon the printing paper 
fixed at the other end. 

Enlarging bromide paper is, as a rule, very sensi- 
tive to ught, BO that the packet should be opened 
and the enlarging camera loaded only in the dark- 
room. Those ¥^o have already mastered gas- 
light printing by contact will make successful 
enlargements at once, as the same kind of paper is 
used. The length of exposure depends on the 
strength of the light and the speed of the paper. 
Owing to the expense of waste, it is well to make 
test exposures in the camera with small pieces of 
paper before risking a whole sheet. The makers 
of paper now roco^ise this by enclosing an extra 
piece, quarter-plate size, which may be used for 
preliminary test. If wo are used to the ortol 
developer, we may use it for our enlargements. If 
not, we may try amidol 

Formula for amidol : amidol, 80 grains (sold 
at 2s. per oz.) ; sulphite of soda, 2 oz. ; water, 12 
oz. ; bromide of potassium, 15 grains. 

This has to be made up fresh for each printing, 
and deteriorates in about two hours. The bromide 
of potassium makes the developer a little slower, 
but brightens the prints. A negative that may 
print ra^er thin and flat with F.O.P. may give 
oright prints in an enlargement if we under-expose 
ana use a strong soldtion. 

Artificial Light Enlarging. But by far 
the most satisfaotorv method of enlargement is 
by artificial light. Hei^ our light is always of the 
same strength, whereas davught is constantly 
changing. Mother great aavantago is that we 
can control the printing. For instance, we may 
have a negative of an interior lit up by a window 
or flashlight on one side, By placing a piece of 
cardboard in front of the thinn^ portions of the 
negative, we can, to a large extent rectify this un- 
evenness of lightliig, and make a presentable print 
/Another advant^ about the artificial enlarging 
lantern is that it may be used as a magic-lantern, 
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and we can amuse our friends by throwing our 
pictures on the screen. 

The cost, however, of the artificial lantern en- 
lar^r is mater than, the other, since a condenser'’ 
or large lens for concentrating the light has to be 
used. This in itself is so expensive uiat a reliable 
enlarger can hardly be bought new for less than 
three guineas. Wo can, however, often pick one 
up secondhand for rather less. The photo- 
grapher who wishes to go in for Press or professional 
portrait work later on will find this artificial light 
enlarger absolutely necessary. 

In the enlarger for use with artificial light the 
light, which is usually an incandescent or electric 
Ught, preferably the former, is behind the con- 
denser, and the condenser concentrates the light 
on the negative. Through the negative the 
light passes on to the lens, and the image is thrown 
into focus on bromide paper either fixed on a 
slide or pinned on a board fixed upright at the 
requisite dist-ance. We require no elaborate stand 
for our enlarger, but can prop the spare leaf of our 
dining-room table against the wall of the dark-room 
and set the enlarger on two wooden chairs of equal 
height. An arrangement for focussing enables us 
to enlarTO to any size or in any proportion wo 
desire. If by any chance wo have t.ilted our camera 
by mistake, and so got the lines in the wall of a 
house slanting, we can stop down the lens in the 
enlarging camera and tilt the support of the paper 
slightly so as to correct this awkward mistake. We 
can very often improve onr negative by enlarging 
only the interesting portion of it. A sharp nega- 
tive will enlarge many diameters without showing 
any trace of enlargement. Experienced tourists 
know this, and often prefer to take with thorn 
only a quarter-plate camera, knowing that they 
can enlarge their good negatives to any size at 
home. 

Hints for Enlarging. The lens in the 
enlarging camera should always be stopped down 
a little as this tends to give a brighter print. The 
utmost care should be taken to keep the hands 
perfectly clean in printing, otherwise the paper will 
show stains. It is always advisable to clear ” 
an enlarged print, as the paper, especially if of 
glossy surface, is inclined to show markings, due 
in no way to the operator. This clearing solution 
is the same as the reducing solution (ferricyanide of 
potassium), mentioned already. Dip a piece of 
cotton -wool in this, and gently rub tne surface of 
the paper while still damp. This will clear the 
whites wonderfully, and will even remove slight 
yellow stains due to previous carelessness. 

We can focus accurately on the paper by placing 
in front of the lens a yellow glass cap which is 
removed for the exposure. These caps are stored 
by any denier who has enlarging cameras. All 
white tight, however, shcmld be excluded from 
the room, as the bromide paper used for enlarging 
is sensitive to the light, far more so than is generally 
supposed. If wo want to be sure of good prints, 
we must run no risks. Do not expose the print 
after development to any other than the light shown 
through this yellow glass till the print has b^n at 
least five minutes in the hypo (fixing) solution, or 
we risk getting it fogged. 

Lantern Slides. Lantern slides are v^y 
easily made without special apparatus by contact 
printing. They are really positive wints mode on 
glass instead of a paper support. We will prob- 
ably find among our negatives a numto la which 
a square of 3^ in. makes a good picture. This is 
the size of the lantem-slide. Prepared plates for 
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lantern-clides are sold at Is. per dozen, and the 
positive is made by contact in the same way as in 
the case of gaslight papers. It is, however, well 
to clear the slides for the sake of improved trans- 
parency after development and fixmg, and before 
washing. Here is a well-known formula for 
clearing solution : , , . 

Prbtosiilphate of iron, 3 oz. (sold at 3d. per lb.) ; 
alum, 1 oz. (sold at 2d. per lb.) ; citric acid, 1 oz. 
(sold at 2d. per oz.) : water, 20 oz., or in proportion. 
The depth to which a lantern-slide should be de- 
veloped can l>e gauged only by experience. If, 
however, we study a ^od "lantern-slide such as 
we often sec in an optician's window, or such as 
are sold for educational purposes, we can save our- 
selves much trouble ana waste. 

If we wish to secure the whole of our negative 
on our lantern slide we can still do so without 
special apparatus. We must block up the whole of 
a window lighting a room with dark-brown paper, 
leaving only a hole the size of our negative. Into 
this hole the negative is fixed, say, by means of 
sticking-plaster over the comers. We must now 
photograph this negative on a prepared lantem- 
plate, focussing accurately and getting the image as 
near 3J in. at its widest part as possible. We should 
atop down our lens to at least / 22, and back oiu* 
plates with backing-paper, which may be bought at 
Od. a box. The lantern-slide plates will fit into the 
sheaths of our camera, but must, of course, be 
fixed in the middle of the sheath, otherwise the 
picture may overlap the plate. 

The positive plate has to be mounted before it is 
a complete slide, otherwise the film would be quickly 
destroyed by the heat of the lantern. Cover- 


made of 
very thin glass, and 
of the same size 
(3i in. bv 3J in.) 
are placed so as to 
cover the sensitive 
side of the positive, 
and the two glasses 
are bound together 
by binding strips 
round the edges. 
This binding is 
quite easy to do. 

More Adwan* 
ced Work. Al- 
though a mat deal 
may be done with 
a quarter - plate 
combined with an 
enlarging camera, 
we may be par- 
doned if we grow 
still more ambitious. 

The average lens, 
even in expensive 
quarter-plate cam- 
eras has so short a 
focus that distor- 
tion is difficult to 
avoid. By “ focus ” 
we mean the dis- 
tance in the camera 
between the centre 
of the lens and the 
photographic -plate. 

The human eye is 
said to have a lens 
corresponding to 
one of 1(> in. focus^^ 
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but the quarter-plate camera is satisfied with 4} in. 
or 6 in. It is, of course, possible with a focussing 
camera to adapt . a telephpto lens,' such as the 

Adon,” to overcome this'bbjection, but for many 
reasons we should do better still with a good 
halfTplate camera. It is a good plan to get a camera 
W'ith a double anastigmat lens, in which the front 
and back portions of the lens (each of different 
focuses) can be used separately or in combination, 
giving us the choice of using short or long focus Ions 
at will. Thus, a combined lens which has a focus of 
in. may consist of a front portion with focus of 
14 in. and a back portion with focus of 9 in. The 
camera that is to hold such a lens must, of course, 
have a bellows capable of extending to 14 in. 

In the case of portraits, the lon^r the focus the 
better. A curious fact also is that a large lens 
seems to give more modelling and to get round the 
objects more tlian a small lens of the same focal 
length. 

Carbon printing and the subsidiary processes so 
much affected by artistic workers are hardly worth 
attempting in less than half-plate cize. It is, of 
course, possible to make enlarged negatives, and to 
print from these : but, after all, the best method of 
making enlarged negatives is by the carbon process 
itself. 

Carbon Printing. The chief makers of car- 
bon tissue — the Autotype Co., and Elliott & Sons — 
supply such elaborate directions that it is unneces- 
sary her© to give more than a brief outline of the 
process. A good plan is to experiment with the 
Trial Set supplied by the Autotype Co., or the 
Sample Set supplied by Elliott & Sons. 

The principle and method of carbon printing are 
y SO simple and the 
results so artistic 
that we can well 
understand why it 
has taken the fore- 
most place both in 
amateur and in pro- 
fessional photo- 
graphy. We may 
Mgin by explaining 
how the image is 
made in the carbon 
tissue. It has been 
discovered that 
gelatin combined 
with bichromate of 
potassium becomes 
more or less in- 
soluble according to 
the amount of light 
to which it is ex- 
posed. When a pre- 
pared gelatin tissue 
is exposed to the 
light under a nega- 
tive it becomes 
insoluble in depths 
which vary accord- 
ing to the strength 
of the light which 
the negative allows 
to p.ass through its 
parts. A small 
amount of light 
passes through the 
whole of the nega- 
tive, and therefore 
the whole of the 
•urfaoe of the tissue 




BKLARG1BMI2NT OF SNAPSHOT ok OPPOSITE ' PAGE 
B ole^W of d^eiui alter ei^i^ment) 


is affooted and becomes insoluUer,'^ Tbe proUem is» ■ The Single Tranefer, In the single-trana- 

how are we to get to the lo^r la^^rs of the tissue^; iei<^insth6d Of carbon printing— 'the simplest^ and 

BO that we can dissolve away that 'which has not therefore the best to b?ffin with-^the image is re- 
vet been affected by the light ? This is done yerSedfikim left to right, but very often this does not 

by transferring the tissue frohi the paper oh which matter. The sensitive tissue h. usually made up^wice 

it is originally mounted to a new support; face a week by the oompani^ that supply it, and should 

downward. When this transfer^ is* fhade, the be used within nine'da^, as it does not keep, 

soluble jportions now exposed can be cleared o? by Prints should be made in ary weather only. The sale 

the appuoation of warm water, and the positive image edge mask — supi^ied in the Trial Set — must alwa^ 

) of insoluble gelatin— brought to view. be applied round the edges, otherwise the transmr 
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is apt to be unsatisfactory. No image is seen at 
first in the printing, so that an actinometer for 
measuring exposures h^s to be used. A single 
actinometer is supplied with the Trial Sot. The 
time required for printing is considerably less than 
that for P.O.P., and the action of the light continues 
— at a reduced rate — after the tissue has been 
taken out of the frame. We may turn this con- 
tinuing action to advantage in the case of prints 
which are suspected of under-exposure. If these 
are kept for twenty-four hours before development 
th^ may turn out all right. 

l!^he single-transfer paper is slightly larger than 
the mounl^ carbon tissue. It is placed face upwards 
in a tray of cold water at about 00'^ F., and ail 
air bubbles must be carefully removed. We should 
have a depth of at least IJ in. of water in the tray. 
Then the exposed tissue is placed face downwards 
in the water, and the fingers gently slid along the 
surface underneath to remove air bubbles. The 
tissue will flatten out, and then begin to turn up at the 
edges. The tissue and the transfer paper ore now 
brought into contact under water and taken out 
together, and then squeegeed into perfect contact 
with a scraper squeegee, such as is supplied with the 
Trial Set. The two sheets are now put between 
b'otting paper and laid under a heavy weight, such 
as a large book. This secures uniform pressure. 
All the prints are treated thus, and left under 
pressure for about half an hour, or till the back of 
the transfer paper is turned yellow. 

Deweloping with Water. For develop- 
ment, two baking tins, coating about a shilling 
each, will do. But we must not use these tins 
afterwards for baking, as bichromate of potas- 
sium is a strong poison, and the success of our 
printing should make us desire to live a little longer. 
Fill this tray with water heated td 90® F. to 100® F. 
The gelatin soon begins to ooze out at the edges. 
Then transfer the sheets to a tray of slightly hotter 
water, 100° F. to 110® F., about IJ in. deep. Holding 
the combined sheets under water, lift up a corner of 
the tissue sheet and gently strip it off. If it does not 
strip off readily, leave it a little longer and try 
again. The gelatin is now transferred to the new 
support, and the lower soluble layers are exposed and 
can be treated. The transfer paper, to which the 
tissue now adheres, is placed on a slab or flat dish 
at an inclined angle, and laved with water at 
100® F. to 1 10® F. by means of a teaspoon. Gradually 
the image will appear as the soluble part is washed 
away. We lave it till it is a little lighter than we 
desire the finished print to be. The water can be kept 
at an even temperature by placing the tray on a 
gas stove with the gas jet at the proper height. If 
the tissue has been over-exposed it does not easily 
dissolve, and still hotter water must be used. This, 
however, must be used with care, as it is apt to cause 
blisters. 

The great charm of carbon printing is that local 
development can be carried out so easily, A sky 
that would otherwise be lost, can be saved by de- 
veloping the upper portion of the picture in cooler . 
water than the lower, and over-exposed portions can 
be reduce by car^l iai^g with hot water, or the 
local applicatidn of sulphocyanide of ammonia-^ 
sold at M. per oz. 

W|^en the print has been sufficiently developed, 
it must be cleared and hardened. A filtered 5 per 
cent, solution of powdered alum in water is the bath. 
This clears away the yellow stain and hardens the 
film, after which the prints should be washed for 
half an hour in running water, and then hung op 
with clips to dry. 
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Double Transfer and Modifications. 

In the double-transfer method, a temporary sup- 
port is used instead of the single-transfer paper, and 
from this temporary support the image is transferred 
to a final support. This double transfer restorer the 
image to its natural position. For making enlarged 
negatives, a sp3oial transparency tissue is mime, 
which r^uires half more exposure than the ordinary 
kind. This is transferred by the single-transfer 
}>roce8s to a glass support, and printed through 
nn enlarging camera on to a negative of the size 
required. The image is reverb to its natural 
position by keeping the tissue side of the glass 
towards the source of light. 

Modifications of the carbon process avoid 
transfer, but usually require us to sensitise our own 
solution. On the whole the old method is the most 
satisfactory of all printing processes, and we do not 
grudge the slight extra trouble. 

The Press and the Editor. Photography 
for the press contains more of the element of 
uncertainty than any other branch of the craft. 
If we are actually on the staff of a paper, this 
imcertainty is, of course, diminished, but between 
the freelance and success a thousand chances inter- 
vene. Still, it is one of the most interesting, and 
often one of the most profitable forms of using the 
camera. A very skilful and successful photographer 
for the press acknowledges that after p^ing all 
expenses, he clears about £600 a year. It must 
be remembered, however, that he is at the top 
of the tree, and has fifteen years of hard work 
behind him. 

The main i)oint to remember is that we cater 
not so much for the public as for our editor. We 
must give him the kind of print and subject he 
wants, not what is intrinsically best. Very often 
we shall find our best work thrown on our hands, 
owing to his personal tastes, or the space he may 
have at his disposal “ Better luck next time,” we 
must say, and try again. 

In the first place, it is advisable to make our 
prints not less than half-plate size, and with a 
glossy surface, which may even be squeegeed. The 
reproduction the editor may make may be only 
3 in. by 4 in., but he personally likes to see the 
prints large. For this reason, most Press photo- 
graphers use a half-plate camera, so that they can 
readily run off contact prints, and in many cases 
they print through the enlarging camera on glossy 
bromide paper, submitting pictures whole-plate size. 
The glossy surface is not really necessary for repro- 
duction, and some engravers actually damp the 
aper to get rid of the gloss before making their 
lock ; but few editors know this„ and prefer the 
print which apparently shows most detail. There 
are, of course, exceptions, and “ Country Life,” for 
instance, takes artistic photographs even on rough 
surfaces. This extreme, however, is only possible 
in the case of a magazine with exceptionally fine 
printing. 

■ Camera for Preaa Work. The most 
convenient all-round camera to use is a light, 
folding half-plate camera with focal plane shutter, 
giving ei:posures down to l,000.th p^t of a second, 
and mther slides or a magazine containing 12 plates. 
Our outfit will cost us about £20. The lens should 
be, able to work well at / 6*3, or if possible, / 5, and 
the finer the )ens the more likely we are to achieve 
8uqce»B under aU-oqnditions of weather. We must 
be prapared to make bright^ contrasty pictures at 
seven m the morning on a rainy day. One of the 
most sucoessful press photographers uses a lens 
with 10 in. focus, but this requires more experience 



in aoouraie focussing than, say, a Qoertz- Anschutz there is also the vast hold of magazine work. Skin 
with lens of 7 in. focus. Some ^ over the difficulty in portraiture is also a great adi^antage, as the 

by having both a long and a short focus lens. This, illustrated newspaper of to-day becomes more and 

of course, requires a camera that can be adapted to more personal in its interests. One successful 

different lenses. It must be remembered that, photographer has made a speciality of doing for the 

especially in sporting photography, we have to snap press artistic portraits of celebrities at home or in 


at a distance 
from the object 
required, and V 

yet our figures 
must be as large j 

as possible. We 
do not recom- I j 
mend the reflex 
type of camera 
for general work. 

Many of the ^ 

most skilful 
press photo- i 

graphcrs do not ’ 

even use a 

finder, but gauge ! 

by experience 
the view taken 
by the angle of 
their lens, and 
point the camera 

breast - high at I 

the person or A SUCCESSFUL SB 

object required. 

In snapshotting celebritje.s, this is often the only 
practical method. W^o have to keep our eye glued 
to our victim, and at the same time have the whole 
field in view, otherwise we may miss the character- 
istic attitude, or someone will step in front at the 
critical moment. In a crowd we may even have to 
hold our camera above our head. 

In addition to the snapshotting of news events, 
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their natural 
T-, -■ ^ ? surroun d - 

ings. The chief 
London photo- 
graphers natu- 
rally acquire 
numbers of por- 
traits which are 
in demand with 
editors. So much 
is this the case 
that they some- 
times have to 
retain a special 
staff for running 
off prints for the 
press. 

Celebrities. 

So much are 
celebrities 
photographed 
nowadays, Uiat 
‘SHOT OF ACTION fcw copyrights 

are worth more 

than ten guineas at the outside. The usual fee 
for reproductions of photographs of any sort by 
an illustrated paper is JOs. <ld. |)er print for repro- 
ductions up to 6 in. by 4 in., and a guinea beyond 
that size. Reduction in price is frequently asked 
and granted for a series or set of photographs, but 
the half guinea is a useful standard, fair alike to 
editors and photographers. Occasionally an editor 









OF THE SNAPSHOT SHOWN ABOVE 
(The detait Is so good that every (hoe shows up like a portrait) 
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will oiler to buy exclusive rights in a photograph 
for a definite period, when we may get from one 
guinea to ten guineas. Such occasions and such 
editors are rare. 

Chance, of course, may turn a portrait into a gold- 
mine. Thus, the photograph made by KUiott & 
Fry of General Baden-PoWell,‘ a few days before ho 
started for the war, was reproduced in millions ; 
but in these days of peace a new photograph of 
this hero would not get much more than five 
guineas in copyright fees, if so mueh. 

Adwanced Flaablight. The Press photo- 
grapher must be master of flashlight work, as the 
subjects required — especially in magazine work — 
have often to be taken under difficult lighting. A 
small room may bo lit up sufficiently by ma^esium 
ix»wder, or a flashlight candle, but it is advisable to 
know how to manipulate more j;wwerful flashlights. 
There are several lands of explosive powders used in 
advanced flashlight work, but the safes^ and at th? 
same time one of the most brilliant, is argeniorai 
(price 5s. for 4 oz.), which has the merit of not being 
set alight by percussion. It is so highly inflam- 
mable that it must be handled with ^at care, 
and must not be lighted with a match held in the 
hand. Also, it must not be used in a closed lamp, 
such as is used with maraesium powder, but in an 
open metal tray. A handy portable lamp for use 
with these special flashlight powders is the Weiss 
lamp (price 30s.), in which a match, close to the 
powder, is ignited by pulling a string. Another 
lamp ignites the powder by means of an electric 
spark. 

So vivid is the light of a powder such as argen- 
torat that people jump out of their seats, and they 
.should therefore be cautioned in advance that there 
is no danger. The flash is so rapid that the photo- 
graph is taken before the movement occurs. The 
smoke is, unfortunately, a great nuisance, and our 
flashlight may occasionally bring up the fire brigade 
on a false alarm. Scrape the ash carefully off the 
trav after each flash, otherwise your later flashes 
will be accompanied by loud explosions. 

Enlarging is particularly valuable in the case of 
snapshot work, where we are often compelled by 
circumstances to stand too far from the desired 
object. We can amend this by enlarging only the 
important part of the negative. 

Sale and Speed. Country photographers 
often find it convenient to sell prints through the 
press photographic agencies. These send repre- 
sentatives round the chief editorial offices, charging 
15 per cent, to 25 per cent, commission. In the case 
of news photographs, where there is no time to run 
off many prints, these agents are very handy, as 
one editor may have special reasons for refusing good 
prints, for which another has space. 

In the case of news pictured, speed is half the 
battle. * Pictures of an event that happens on a 
IVIonday morning should be submitted, if possible, 
the same afternoon. Methylated spirit of good 
<{uality enables one to dry prints and negatives 
rapidly. P.O.P. prints can be made rapidly by the 
developing process. In this the paper — which should 
be put in the frame in a dark-room — should be 
printed only till the detail in the high lights is faintly 
sliown, ana then developed in the dark-room with 
tt black develojjcr such as hydroquinone (not pyro), 
treated all the time with the same care as a negative. 

Mr. C. F. Bowden, of Bowden, Bros., perhaps the 
most rkilful sporting photographer in this country, 
hns kindly sent us the foUowing hints for those 
who intend going in for such worL 


1. Got your figures as large as possible. Avoid 
having a heavy background of trees when taking 
fast exposures. They look artistic in the finder, 
but don’t reproduce well owing to under-exposure. 

2. Don’t keep changing your brand of plates. 
Start with a good make, and use only the fastest 
for extreme exposures. It does not do to use the 
slower, and cheaper make, as the results cannot 
be obtained with these. 

3. When developing, avoid using too much ruby 
light. The less the better. 

4. Don’t be impatient with very fast exposures 
when developing. Anybody can press the button 
and take a picture in a 1,000th part of a second ; 
hut it is not everybody who has the patience to 
develop a plate for an hour or two, as is oft^n the 
case in W’ inter. 

5. A lens working at a large aperture, say / 5*0, 
is essential. 

6. Don’t press the shutter release on camera 
with a jerk. 

7. Bchearse in your mind what you are going to 
do ; and when the moment arrives, do it. 

Professional Portraiture. The best 
guide to those who intend to take up professional 
portraiture is naturally one who has himself suc- 
ceeded. Mr. E. C. Elliott, of the firm of Elliott 
& Fry, gives some practical advice on the subject. 
“ Don’t try at first to get into a big London 
house,” he says. “ Get into a good moderate-sized 
provincial house where everything is done under 
one roof. At Elliott & Fry’s, for instance, every 
department is specialised, and it would be difficult 
for one to get that general grasp of a business which 
is essential for a man who intends eventually to 
set up for himself. After one has realised what 
one is best fitted for, one may decide to specialise, 
for instance, as an operator or a printer, a retoucher, 
or finisher. The Professional Photographers 
Association has started an excellent system of certi- 
ficates of merit for assistants, awarded after examina- 
tion. If you decide to set up for yourself, you must 
be up-to-date and a little bit before it. 1 don't 
know that it is advisable to start with a partner. 
Partnerships arc very uncertain things, and I think 
that, at any rate to begin with, a clever man with a 
capable staff can manage by himself. Wherever you 
are, you must adapt yourself to your locality. 
A seaside or snburoan photographer has quite 
a different clientele from that of Elliott & Fry, 
and yet may do excellent business. The things to 
remember arc, that whatever your kind of photo- 
graphy may be, you should try to be good of your 
kind, and that you should not cut prices. You must 
be up-to-date in the getting up of mounts, in your 
printing methods, framing and displaying, while 
such small details as price-lists, packing of pictures, 
labels and notepaper should oe studied, with a 
view to making them ns attractive as possible. 
Every young professional photographer— in fact, 
every phot^aphor young or old — would do 
well to become a member of and support the Pro- 
fessional Photographers Association, and so have 
at his disposal in all matters of difficulty which may 
arise the help and advice of a committee of the most 
experienced men in the profession. Much friction 
and litigation is avoided through the good offices 
and advice of this committee in the many delicate 
ani sometimes complex matters that are brought 
before them by members. If you obtain a standing 
which enables you to obtain ceiebritios as sitters, you 
must be absolutely scrupulous as regards 
both towards your sitters and towards the editors.” 


Photoobaphy concluded 
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" Analytical Chemistry," by N. Meiischutkin (Macmillan, 
17s. net.) ; " Quantitative Analysis," by F. Clowes and 
J. B. Coleman (J. A A. ChurchUl, lOs.) ; " (Qualitative 
Analysis," by R. Fresenlus (J. A A. Churchill, IBs.); 
"Quantitative Analysis," by R. Fresenlus (J. A A. 
Churchill, vol. I., IBs.), vol. II., parts 1 to 3, 28. 0d. 
each ; " Laboratory Teaching," by A. G. Bloxam (J. A 
A. Churchill, 08. Od.) ; Volumetric Analysis," by 
F. Sutton (J. A A. Churchill, 18s. 0d.) ; " Commercial 
Organic Analysis," by A. H. Allen (J. A A. Churchill, 
vol. I., alcohols, starch, sugars, etc, 18s., vol. 11., part l, 
oils, fats, and glycerin, 14s., vol. tl., part 2, petroleum, 
coal-tar products, 148., vol. II., part 3, phenols, aromatic 
acids, resms, and essential oils, 208., vol. HI., p art i , tannins, 
dyes, odouring matters and inks, 18 b., vol. III., part 2, 
amines, nitrogenous bases, antipyretics and alkaloids, 
18s., vol. III., part 8, vegetable alkaloids, bitter principles, 
cyanogen derivatives, 108., vol. IV., proteins and albu- 
rolnous substances, 18s.). ^ ^ ^ ah 

AoiDS AND Alkalies.— Sulphuric Arid and Alkali," 
by G. Lunge (Gurney A Jackson, 3 vols., £2 12s. 0d., 
£2 2s. and £2 2s.) ; " Coal-tar and Ammonia,’^ ^ G. Lunge 
(Gurney A Jackson, £2 23.) ; " Alkali-makers’ Handbook," 
by Lange and Hurter (Whittaker A Co., IQs. 0d.) ; 
"Ammonia and Its ComTOdnds," by Grossman (Harper 
A Brothers, 28. 0d.net.); ' Ammonia and Ammonium 
Compounds," by Arnold (Sampson Low, Bs.). 
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Oils (Fixed), Fats, and Resins.— " Oils. Fats, and 
Waxes, C3iemical Technolcgy and Analysis of," by 
Lewkowitsch (2 vols. Macmillan A Co., SOs. net) ; " Fats 
and Oils Industries, Laboratory Companion to,” by 
Lewkowitsch (Macmillan, 08. net) ; " OUs, etc.. Analysts 
of," by A. C. Wright (Crosby Lockwood A Son, Os. net) ; 
"Oils, Fats and Waxes," by C. R. A. Wright and 
C. A. Mitchell (Charles Griffin A Co., Ltd., 25s. net) ; 
" SoaM, Candles and Glycerin, Modem," by L. L. Lamborn 
(Crosby Lockwood, SOs. net) ; " Soap Making, Art of," 
by A. Watt (Crosby Lockwood, 78. 0d.) ; " Soap Manu- 
facture,” by W. L. Gadd (George Bell A Sons, Bs.). 

Essential Oils and Perfumes.—" Essential Oils and 
Artificial Perfumes, Manufacture of,” by E. J. Parry 
(Scott, Greenwood A Son, 12s. Od. net) ; " Perfumes and 
Their Preparation," by G. W, Asklnson (E. A. F. N. 
Spon, 12 b. 0d. net) ; Cosmetics," by J. Koller (Scott, 
Greenwood A Co^ Bs. net). 

Paints and Polishes.—" Lubricants, Shoe Polishes 
and Leather Dressings, The Manufacture of," by R. Brunner 
(Scott, Greenwood A Son, 7 b. Od. net) ; " Paint, Manufac- 
ture of," by J. Cruickshank Smith (Scott, Greenwood, 
78. Od. net) ; " Lake Pigments, Manufacture of/’ by 
F. H. Jennison (Scott, Greenwood, 78. 0d. net) ; " Resins 
and Balsams, Analysis of," by K. Dietrich (Scott, Green- 
wood, 7s. 0d. net) ; ‘painters* CSolours, Oils, and Varnishes," 
by G. H. Hurst (Charles Griffin A Co., 12s. 6d.) ; " Paint 
and Varnish, Industrial and Artistic Technology of," by 

A. H. Sabin (Chapman A Hall, Ltd., 128.). 

Glues and Adhesives. — " Glue and Glue Testing," 
by S. Rideal (Scott, Greenwood A Son, lOs. Od. net) ; 
" Sealing-waxes, Wafers, and other Adhesives," by H. C. 
Standage (Scott, Greenwood, Bs. net) ; " Glue, Gelatin 
and Allied Products,” by T. Lambert (Charles Griffin A 
Co., Bs. net) ; " Cements, Past-es, Glues and Gums," by 

H. C. Standage (Crosby Lockwood A Son, 2s. Od. net). 

Inks. — " Ink Manufacture," by 8. Lohner (Scott, 
Greenwood, Bs.) ; " Ink, The Manufacture of," by C. A. 
Mitchell and T. (;. Hepworth (Charles Griffin A Co., 7s. 6d. 
net) ; " Oil Coloiurs and Printing Inks," by L. E. Andes 
(Scott, Greenwood, Bs. net). 

Tar and Wood Distillation.—" Coal Tar Colours, 
The Chemistry of," by Benedikt (George Bell A Sons, 
08. 6d.) ; " Synttetic Dyestuffs,” by J. C. Cain and 
J. Thorpe (Charles Griffin A Co., lOs. net) ; " Destruc- 
tive Distillation," by E. J. Mills (Gurney A Jackson); see 
also Acids and Alkalies. 

KLECTRO-OHBMiSTRy.— " Electro-chemistry, The Ele- 
ments of," by M. Le Blanc (Macmillan, Os.) ; " Electro- 
chemistry," by R. A. Lehfeldt (Longmans, Green A Co., 
2 vols., Bs. each). 

Manures. — " A Treatise on Manures," by A. B. 
Griffiths (Whittoker A Co., 78. 0d.) ; " Fertilisers," by 
E. B. Vorhees (Macmillan, 4b. Od.) ; Bone Products and 
Manures,” by T. Lambert (Scott, Greenwood A Bon, 
78. 6d. net). 

Waste Products. — " Waste Products, Utilisation of," 
by T. Roller (Scott, Greenwood, 78. 6d. net) ; " Trades* 
Waste, Its Treatment and Utilisation," by W. Naylor 
(Charles Griffin A Co., 21g. net). 

Petroleum, etc. — " Lubricating Oils, Fats and 
Greases," by G. H. Hurst (Scott, Greenwood A Son, 
10s. 6d. net) ; " Oil Fields of Russia, and the Russian 
Petroleum Industry,” by A. B. Thoi^son, £3 3s. net) ; 
“ Petroleum, Technology of," by H. Neuberger and 
H. Noalhat (Scott, Greenwood A Son, 218. net) ; " Petro- 
leum and its Products," by Sir B. Redwood (Charles 
Griffin, new edition in press. 45s. net) ; “ Mineral Oils and 
their By-products," by 1. 1. Redwood (Spon, IBs.). 

Cellulose and Paper-making. — " Cellulose," by C. F. 
Cross, £. J. Bevan, and C. Beadle (Longmans, 12s.); 
" Researches on Cellulose " (Parts I. and II.). by C. F. 
Cross and E. J. Bevan (Longmans, 0s. each) ; Practical 
Paper-making," by George Clapperton (Crosby Lock- 
wood, 6s.) ; " Estimation of Moisture in Pulp," by 
Otto Winkler (Clayton, Beadle A Stevens, 2s.) ; " C. B. 8. 
Units 01 Standard Paper Tests,” by C. F. Cross, 
E. J. Bevan, Clayton Beadle and R. W. Sindall (Spon, 
2s. 6d.) L " Six Lectures on Paper Manufacture," by 
Clayton Beadic (Croxley Institute, Ss.) ; " The Sampling 
of Wood Pulp," by R. W. Sindall (Becker A Co., 2s.) ; 
" A Textbook on Paper-making/’ by C. F. Cross and 

B. J. Bevan (Spon, 12s. Od.) ; ‘^Leunig’s Tables of Sixes 

of Papers," by F. Leunig, (Mardom Son A Hall, Is.) ; 
" Chapters on Paper-making" (Vols. I. to IV.), by Clayton 
Beadle (Crosby Lockwood A Co., Bs.) ; "Fibrous Con- 
stituents of Paper," by Clayton Beadle (George Newnes. 
Ltd., IBs.) ; " Paper Technology," by R. W. SindaU 
(Griffin A Co., 128. Od.) ; "The Paper Trade," by A. 
Dykes Spicer (Methura, 12^ 0d.). * ^ 

Photography.—" The Chemistry of Photography/ 
by R. Meldola (Macmillan, 0s.) ; " Optics of Photography 
and Photographic Lenses," by J. T. Taylor (Whittaker A 
Co., 38. Od. net) ; " Photographic Optics, A ^eatisc on," 
by B. S. Cole (Sampson Low, Os.). 
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By JUSTIN 

T Ff E reign of Queen Victoria began on the morning 
of June 20th, 1837. The young queen, bom on May 
24th^ 1819, was, at the time of her succession, little 
more than eighteen. The Queen’s first Prime Minister, 
Lord Melbourne, was a man of great personal kind- 
ness, but with slight gift of statesmanship, and 
Queen Victoria was obliged from the first to exer- 
cise her own good sense in the direction of affairs. 
Among the leading men in political life were 
Lord Brougham and Lord Lyndhurst in the House 
of Lords, and Sir Robert Peel, Lord John Russell, 
and Daniel O’Connell in the House of Commons. 
Among the earliest events of the reign were tho 
development of the railway system throughout the 
country, the application of the electric current to 
conveying messages along the wires, and the use 
of steam for ocean navigation. The Melbourne 
Administration did not lost long, and was succeeded 
by that of Sir Robert Peel. The Queen, in opening 
Parliament, on January 16th, 1840, had announced 
her intention of marrying her cousin. Prince Albert 
of Saxe-Coburg-Gotha, and the marriage, which took 
place on February lOth, proved a most happy union. 

The Rebellion in Canada. " The oiiening 
of the reign saw the great rebellion in Canada. 

The Canadian Colonies had been divided by an 
Act called the Constitution of 1791 into Upper and 
Lower Canada. Upper Canada was inhabited chiefly 
by a British |^pulation and Lower Canada by a 
population of French or French descent. Each of the 
provinces had a governor and an Executive Council 
appointed by the Crovm, a Legislative Council, 
also appointed by the Crown for life, and a Repre- 
sentative Assembly, the members of which were 
elected almost altogether through the influence of 
the ruling authorities. 

The two provinces, at heart hostile to each other, 
agreed only in hatred of the absolute rule of a 
British sovereign and Government in far-off West- 
minster. The memory of the American Revolution 
was still fresh in Canada, and it stimulated French 
Canadians especially into an effort at armed rebel- 
lion, The arbitrary measures employed by the 
C’anadian authorities to subdue the rebels only made 
their resistance more serious, and won the support 
of Upper Canada. The rebellion probably might 
have been crushed by the Canadian authorities, but 
such a result would only have sown the seeds of 
further risings. Fortunately there were statesmen 
then in the British Parliament able to see that 
Canada could not be made loyal by military force. 
Lord John Russell introduced a measure to suspend 
for a time the constitution of Lower Canada, and to 
send out from England a Governor- General and 
High Commissioner empowered to deal with the 
rebellion and to remodel the constitution of Upper 
and Lower Canada. 

Lord Durham, who had been in more than one 
Administration and was known as an advanced 
reformer, was entrusted with this office. He in- 
vited the two provinces to join him in forming a new 
system of government, and framed a constitution 
which unit^ the two provinces into one colonial 
system, representative and self-governing in colonial 
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affairs, thus founding that principle on which all 
of England’s great colonies have since been con- 
ducted. Lord Diurham retuniea to England, and 
the measure, in substance, was passed in 1840. 

The Opium Traffic in China. In the 
opening of the Queen^s reign there were disturbances 
in China between the government of that country 
and some of the British trading companies, which 
led to the Opium War. These troubles hod been 
going on before Victoria came to the throne, and 
were caused by the policy of preceding sovereigns. 
British traders, under tne old East India Com- 
pany in the first instance, had insisted on importing 
opium into China and selling it to the Chinese in 
defiance of the laws of the Chinese Empire, which 
made its sale a punishable offence. The Queen’s 
Ministers were endeavouring to end this odious 
traffic, when the disputes between the Chinese 
authorities and the opium dealers led to the out- 
break of war, causing much loss of life on both sides. 

The British ships of war, and the British soldiers 
soon gained the ascendency, and the Chinese govern- 
ment had to give way. Peace was made on the condi- 
tions that the Island of Hong-Kong should be ceded 
to Britain, and that five ports, of which Canton was 
the most important, should be thrown open to British 
traders, and that an indemnity should be paid to 
England for losses incurred. The Government 
explained that England could not interfere for the 
purpose of enabling British subjects to violate 
the laws of China, and that any loss such persons 
might suffer from the execution of the Chinese 
laws must be borne W those who brought that 
loss upon themselves. This announcement had been 
made before the actual outbreak of the war, and 
the war was carried on to its end. 

The Afghan War. The Afghan War cast 
a gloom over the opening of the reign. Afghanistan 
is inhabited by various tribes each ruled by its own 
chief, and all in frequent rivalry and conflict among 
themselves. The Government of Queen Victoria 
was brought into Afghan trouble through the medium 
of the East India Company, which became involved 
in one of the dispute among Afghan states and 
unwisely sustainea the claims of one of the rivals 
who were contesting for sovereignty over the state 
of Cabul, and for something like supremacy over the 
other divisions of the country. 

The greatest figure in the struggle was that of 
Dost Mahomed, a man of remarkable ability both 
in war and in peace, and who professed to M, and 
indeed appears to have been, a friend to England. 
The Governor-General of India, however, resolved 
to treat Dost Mahomed as an enemy, and the English 
Government was thus drawn into a policy wnich 
brought about his conquest and dethronement. 
His rival, Shah Soojah, entered Cabul, tho capital 
city of the state, by the help of British officers. 
He was regarded there as a usurper, and when the 
British army afterwards withdrew, leaving only a 
small force behind it. Dost Mahomed renewed his 
efforts, and in November, 1840, opened a brilliant 
campaign. Knowing, however, that he could not 
withstand the power of England, he gave himself up 
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to the English commander, by whom he was treated 
with ootu^tcsy and honour and was sent to India 
under British protectioh. There was an immediate 
outbreak in Cabul, and in the tumult that arose 
a brilliant English soldier and traveller, Sir Alex- 
ander Bumes, was murdered. Akbar Khan, the 
favourite son of Dost Mahomed, became a leader of 
a movem^t against Shah Soojah. The English 
general, seeing that the situation was hopeless 
with the small force at his command, entered into a 
treaty, the effect of which was that the British troops 
should emit Afghanistan at once, and that Dost 
Mahomed shoula be brought back from India. 

The Retreat from Cabul. During negotia- 
tions a fierce controversy broke out between the 
British commander. Sir W. Macnaghten, and 
Akbar Khan, in which the latter, who afterwards 
declared that he believed he was about to be 
captured by the British troops, shot Macnaghten 
de^. It was agreed that the British should leave 
the Afghan territory. Then began the disastrous 
retreat of the English through the mountain 
asses between Cabul and the Indian frontier, 
uring which they were constantly assailed by 
fanatical native tribes, and the wives and chil- 
dren of the officers and soldiers suffered terrible 
privations. Few of the military force reached the 
Indian frontier alive. Under the rule of Lord 
Ellenborough, the new Governor-General of India, 
the losses which had been undergone by England 
were repaired, and on September 15th, 1842, 
Cabul was again occupied by the British troops. On 
October Ist, Lord Ellenborough issued a proclama- 
tion, revoking the policy of his predecessor, and 
declaring that to force a sovereign upon a reluctant 
people would be inconsistent with the principle 
of the British Government, and that the British 
arms would be withdrawn from Afghanistan. 
Dost Mahomed was soon after released from exile, 
and became once again the ruler of Cabul, and Shah 
Soojah, whom the policy of England, as directed 
by the East India Company, had set on the throne, 
was put to death shortly after the departure of the 
British troops by orders of the Afghan chiefs. 

Sir Robert Peel’s Gowernment. The 
Administration of Sir Robert Peel was made re- 
markable by many reforms in social legislation. 
An Act of Parliament prohibiting the employment of 
women and girls in mines and collieries was carried, 
chiefly through the influence of Lord Ashley, 
afterwards the Earl of Shaftesbury. Many reforms 
were made in the conditions of factory labour, in 
which Lord Shaftesbury also bore a prominent 
part. Sir Robert Peel also passed the measure for 
removing the test by means of which Jews were 
excluded from some municipal and other public 
offices. The most famous of Peel’s reforms was the 
Abolition of the Corn laws, which imposed heavy 
and indeed prohibitive duties on the importation of 
foreign grain into England. A great movement 
against these restrictive laws had been got up by 
the Free Trade part5% which became very strong 
in Manchester and throughout the North of England. 

The movement was for many years led by Charles 
Villiers, but its most powerful womoters were 
Richard Cobdon and John Bright. Richard Cobden 
was one of the most convincing debaters the 
House of Commons has over known, and John 
Bright must be ranked among the greatest of Eng- 
land’s parliamentary orators. Sir J^bert Peel had 
not yet become a convert to the principles of Free 
Trade. The Whig party, led by Lord John Russell, 
did not at the opening of the anti-corn law move- 
ment give it their full adherence, but they soon 


accepted the principle and Sir Robert Peel was 
gradually brought round to the same position. The 
outbreak of a potato famine in Ireland forced Peel’s 
hand, as it became evident that without the most 
liberal introduction of foreign grain the peasantry 
of Ireland must die off. Peel could not force some 
of his colleagues to accept a Free Trade principle, 
and he resigned. Lord John Russell was sent for 
by the Queen to form a ministry, but even amongst 
hiB Whig friends he could not obtain sufficient 
support, and the Queen urg^ Sir Robert Peel 
to withdraw his resignation. The Free Trade move- 
ment had the full support of Daniel O’Connell, 
because of its bearing on the condition of Ireland. 

Peel formed a new ministry, and Parliament met on 
January 22nd, 1846. On the 27th Peel brought in his 
measure for the gradual abolition of the protective 
duties on grain, which were to be abandoned alto- 
gether after three years. The Bill went through 
the House of Commons, passed its third reading on 
May 15th, and was then carried through the House 
of Lords mainly by the earn6st advice of the Duke 
of Wellin^n, who saw that the change to Free Trade 
was inevitable. 

The Irish Famine. A vast number of deaths 
from starvation greatly reduced the population of 
Ireland, and the dread of another famine and the 
unjustifiable enactments which secured to the land- 
lords absolute power over their tenantry caused 
a rush of emigration to the United States, to Canada, 
and to other British colonies, which reduced the 
population still more. When the famine bioke 
out the population of Ireland numbered some 
8,000,000, but between that time and our own it 
became little more than 2,000, 0(X). 

Ireland was inevitably much disturbed by the 
famine, and the tardy movement of remedial 
measures caused much trouble among the Irish 
peasantry. Peel was prevailed upon by some of his 
oolleagiies and supporters to introduce a Coercion 
Bill, with the object of restoring order in Ireland. 
The Prime Minister thus put his Government into a 
most critical situation. The Coercion Bill would be 
met with unyielding opposition by O’Connell and 
his followers ; the Whigs, when out of office, usu- 
ally opposed coercion unless when accompanied by 
promises of concession and reform. The English 
Radical members, under the leadership of Cobden 
and Bright, would be sure to oppose coercion 
even more strongly ; while the disappointed Pro- 
tectionists were willing to vote for once with the 
Radicals, the WhiM, and the Irish Catholics, because 
the Government had turned against them on the 
Free Trade question. The division on the second 
reading of the Coercion Bill on Thursday, June 
25th, 1840, left the Peel Ministry in a minority of 73. 
Within three days Peel resigned, and was succeeded 
by Lord John Russell os First Lord of the Treasury, 
with Lord Palmerston as ‘Secretary for Foreign 
Affairs. Peel’s career as a statesman ended with his 
reat triumph in the repeal of the Corn Laws. He 
id not return to office, and on Juno 29th, 1850 
he met with injuries which caused his death. 

Famous English Statesmen. Lord John 
Russell, Lord Palmerston, and Mr. Disraeli were the 
most prominent among English statesmen during 
the immediate following years. Lord Palmerston 
devoted his attention mainly to foreign politics, 
and was a moderate Liberal in his views on home 
affairs. He was an admirable debater, although 
hardly an orator. Lord John Russell held more 
advanced views on home politics and was more 
cautious in his dealings with revolutionary and anti- 
revolutionary movements abroad. Disraeli was one 
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of the most brilliant firares in the House of Commons 
and was famous as the author of political novels 
before he entered Parliament. During some early 
attempts to obtain a seat in the House of Commons 
he declared himself a Radical and a supporter of 
O’Connell’s Irish policy. When he succeeded in the 
object of his ambition and found a constituency to 
elect him he had become a strong Conservative. 

Lord John RusBeU’s Titles Bill was introduced in 
February, 1851, because of a Papal Bull authorising 
the establishment in England of a Hierarchy of 
Bishops deriving their titles from their own sees. 
The Pope had divided England into several districts, 
to whicn ho appointed archbishops or bishops, with 
Cardinal Wiseman as Archbishop of Westminster. 
Lord John Russell denounced the action taken by 
the Pope as a pretension of supremacy over the 
realm of England, and brought in his Ecclesiastical 
Titles Bill accordingly. Parliament opened on 
February 4th, 1861, and soon after Russell intro- 
duced his measure to prohibit the use of all such 
titles by Catholics under penalty, and to render 
null and void all bequests made to or acts done by 
persons under such titles. The Bill passed through all 
its stages with some modifications, but the Roman 
Catholic archbishops and bishops still took their 
titles as before, and the Act was never put into 
force. 

The Crimean War. The Crimean War 
was mainly the result of Russia’s growing power 
in Europe and in the East, which was believed by 
many European statesmen to be a danger to 
Powers which, like England, had interests to 
guard in Asia as well as in Europe. The growth 
and the political ambition of Russia became 
a menace to Turkey especially, and, indeed, 
threatened the Ottoman Empire with ultimate 
destruction. The immediate cause of dispute between 
Russia and Turkey had to do with the manner in 
which Christians from Russia, Greece, and from 
other countries were treated by the Mohammedan 
ruler of Turkey. An alliance was formed between 
England and France, then under the rule of Napo- 
leon III., with the object of compelling Russia to 
modify her policy of aggression against Turkey. 

Austria and Prussia took a part at first with 
England in forming this alliance, but Prussia with- 
drew at an early stage of the arrangements, and 
Austria never became an active partner, although 
she continued to exert some influence. Sardinia, 
one of the small separate Italian states, eagerly 
grasped the opportunity of taking a part in Euro- 
)>ean affairs by becoming a meml:^ of the Alliance, 
'furkey declared war against Russia, and then Eng- 
land, France, and Sardinia took the field. There was 
splendid fighting on both sides, many great battles 
like that of the Alma and of Balaclava, and the pro- 
longed siege of Sebastopol. There was a want of 
generalship among English and French alike; no 
soldiers over fought better than those of England and 
France, but there was a sudden and almost com- 
plete breakdown in the arrangements made for the 
food and clothing of the English troojM. The ser- 
vices of the newspaper war corres^n^nt created 
during this campaign an era in the history of war- 
fare. They kept the world informed day by day of 
the events of the war, and compelled the attention 
of the authorities in En|;land and France to the 
want of needful preparations for the health of the 
troops. 

Another memorable event of the Crimean War 
was the splendid movement originated by Florence 
Nightingale in organising a litUe army of nurses to 
attend to the wounded in the field. 
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Sebastopol. The war came to an end by the 
capture of SebastoTOl, which the Russians had set 
on fire before abanaoning. The Emperor Napoleon 
was anxious to get out ox the whole enterprise, and 
a congress was held at Paris on February 26tb, 1856, 
and on March 30th the treaty of peace was signed. 
By this treaty Sebastopol and all other places taken 
by the Allies in the war were given bacK to Russia. 
Tne Sultan issued a decree to improve the condition 
of his Christian subjects, the Black Sea was neu- 
tralised, and the navigation of the Danube was 
thrown open. Two of the Sultan’s Christian pro- 
vinces, Moldavia and Wallachia, while continuing 
under the nominal rule of the Porte, were to be 
guaranteed the rights of citizenship, and out of 
these two provinces grew the kingdom of Roii- 
mania. The results of the war were hardly worth 
to England the blood and treasure it had cost. 
Sardinia gained the most, because the position she 
hod taken as an ally enabled her to put herself 
forward as the representative of the whole Italian 
people. The Crimean War was stiU fresh in the 
memories of Englishmen everywhere when the 

f reat Indian Mutiny broke out, the story of which 
as been told in another place. 

The close of 1861 brought with it the death of 
the Prince Consort, and after his death the Queen 
withdrew almost altogether from social life. 

The year 1868 saw the conclusion of the cele- 
brated British expedition into Abyssinia. This ex- 
pedition was organised because of great alarms felt 
in this country as to the fate of a large number of 
British subjects held in captivity by Theodore, 
King of Abjrssinia, who chose to consider that 
England had become unfriendly to him. All efforts 
failed to induce Theodore to surrender his prisoners, 
and at last the British Government made prepara- 
tions for war: An expedition organised under the 
command of Sir Ro^rt Napier was admirably 
planned and carried out from first to last. It had 
little danger to meet in the way of armed opposition, 
for there was no Abyssinian force which could hold 
out against the British troops. The expedition was a 
complete success, and reached the front of Magdala 
in the beginning of April, 1868. Theodore was ulti- 
mately compelled to restore all the prisoners in the 
hope of saving his coital and himself; but he would 
not surrender, and Sir Robert Napier felt that he 
could not leave other British residents at the mercy 
of such a monarch. Despite the immense difficulties 
of its position, Magdala was captured, and when the 
gate was forc^ open the dead body of Theodore 
was found inside. Napier destroyed the fortress of 
Magdala, and no attempt was made to interfere 
furwer with the internal affairs of Abyssinia. 

Trouble in Eifirpt. The winter of 1881 saw 
the opening of new troubles for England in Egypt. 
At that time Eg 3 rpt was imder \^at was called 
the dual control of Engiana and J^ance, each of 
which states had done much fighting to secure its 
interests there, while the Ottoman Sultan still 
held a nominal control over the nominal sovereign 
or Khedive. Eg^t was governed almost altogether 
by English and French officials, and the result 
was the formation of an Egyptian national party 
under the leadership of Arab! Pasha, a brilliant 
Egyptian officer. 

Ho had been appointed War Minister under the 
Khedive, but soon became really master of the 
Eg 3 rptian Administration. It was evident that an 
Egyptian rebellion against the dual control was 
springing up, and the ironclads of England and France 
were ordered to Alexandria. The i^edive endea- 
voured to dismiss Arabi Pasha, but the leaders of the 



army refused to obey his order. Arabi PaSha seemed 
as if he were already beghmine preparations for war. 
Disturbanoes brol^ out in Alexandria, and some 
English and French subjects were killed for which 
Arabi Pasha was undoubtedly indirectly respons- 
ible. As France did not seem disposed to int^ere, 
the English authorities determined to act. An 
attack was made upon Alexandria by the British 
Fleet, and a bombardment began. Then Arabi 
Pasha hoisted a flag of truce, and without waiting 
for any negotiations withdrew his soldiers from the 
fortifications, and Alexandria was occupied by 
the British. There was still some fighting to be 
done, and Sir Garnet Wolesley was sent to command 
the orations. Arabi entrenched himself at 
Tel el Kebir, but the British advance was made so 
rapidly that the struggle was over almost as soon 
as it began. Arabi was made a prisoner and 
sentenced to death, but the sentence was commuted 
by the Khedive to a sentence of banishment. The 
dual control soon vanished after this, and England 
has since occupied Egypt. 

The bombardment of Alexandria by the British 
forces led to the retirement of John Bright from the 
Gladstone Cabinet, because he could not agree with 
the policy of using force for the coercion of Egypt. 

The Boxer Mowement. Great troubles 
broke out in China in 1898 which compelled 
the active intervention of England. The increasing 
immigration of foreigners into China aroused a 
passionate clamour amongst the Chinese against 
the modem policy which allowed foreigners to 
hold property there. A powerful party of re- 
actionary Chinese, called the Boxers, sprang up 
all over the country, which made it a first object 
to banish all foreigners from China. Many out- 
rages were committed by the Boxers on Cliristian 
missionaries, and the American missionary buildings 
near Pekin were bulged. The foreigners formed an 
allied squadron of vessels — English, German, French, 
Russian and Japanese — and these were comjielled 
in self-defence to fire on the Chinese forts, which 
had opened fire on them, and to capture and hold 
the forts. Actual war had sot in by this time 
between the Chinese and the foreign Powers, and 
its outbreak was precipitated by the murder of 
the German Minister, Baron von Ketteler, in the open 
street, by a civil officer of the Chinese Government. 
The foreign Powers were compelled to enter into 
an alliance, and an expedition was got imder way 
from Tientsin on August 4th, 1900. The combined 
forces were British, French, Germans, Russians, 
Americans, Italians, and Japanese, numbering 
little more than 20,000 men. The allied troops had 
to fight their way to Pekin, the Chinese troops, 
who were well supplied with artillery, fighting from 
behind entrenchments. They reached Pekin, 
forced an enlaranoe, and on August 26th the city 
was surrendered, and a detachment of the Allies 
marched thro^h the capital to proclaim their 
victory. The CSiinese Government were compelled 
to me^e peace with the Allies, and amoi^t the 
conditions was the infliction of severe punishment 
on Chinese even of high rank, convicted of having 
encouraged the attacks upon foreigners. It was 
also stipulated that some reform should be made 
in the methods of Chinese government concerning 
the admission andproteotion of foreign residents. ' 

WUr With South AfHca. The struggle 
for the Bueeraihty of the Transvaal Republic 
spead over more than twenty years of Queen 
Victoria’s reign, and was only brought to a heed in 
the reign of King Edward VII. The Transvaal 
Republic had been founded by Butch^ Boers, or 


farmers, in 1848, and thus became a state in the 
neighbourhood of the great British settlement 
in South Africa extending to the Cape of Good 
Hop. The policy of the English Colonial governors 
in bouth Anioa was directs towards the forming 
of a federation of all the states and of the Orange 
Free State, another colony also founded by Boers, 
to be held under the potection, and, in fact, the 
sovereimty of England The Transvaal Repubjio 
resisted these proposals, and was afterwards joinci 
by the Orange Free State, and war broke out, in 
which the Boers fought pertinaciously, and with 
many advantages on their side. 

The Struggle in the Transvaal. The 

English had to conduct the invasion of the Trans- 
vaal, a region of vast extent, broken by great 
mountain ridges and vast swamps, in which the 
Boers could always choose their own points of 
defence and compel their adversaries to follow them. 
The English bad an incalculable advantage in the 
number of their force, and in all the means of 
carrying on the war ; but the difficulties in their 
way were so many and perplexing that at one time 
it seemed as if nothing less than the extirpation 
of the whole fighting population of the Boers 
could end the struggle. In December, 1880, the 
Boers proclaimed the Remiblic of South Africa 
Ivith Paul Kruger as its President. During the 
night of February 20th, 1881 , took place the engage- 
ment at Majuba Hill, in which the English troops, 
under General Colley, were defeated and their 
general killed. General Sir F. Roberts was then 
sent out to South Africa, but in the meantime the 
Boers had, with characteristic prudence, proposed 
an armistice, and afterwards expressed a willing- 
ness to enter into terras of peace. A treaty of j>eace 
was agreed upon early in Au^st, the terms of which 
were that the Transvaal territory should be assigned 
to the Transvaal state, but that that state should 
be subject to the suzerainty of Queen Victorio, 
who was to be represented by a British Resident. 
This arrangement met with extreme disfavour 
among large numbers of influential Englishmen at 
home, who argued that England never should have 
consented to enter into terms of peace with an 
enemy after a defeat had been inflicted on the arms 
of England. 

The Jameson Raid. The South African 
question was destined to be yet a source of 
trouble. The discovery of gold and diamond 
mines in the Transvaal region had brought a rush 
of settlers from all parts of the world, and from 
England in particular, and a large population 
had soon established itself in the Transvaal to 
whom was given the expressive name of Uitlnnders, 
or Outlanders, who claimed votes and recognised 
citizenship in the Transvaal. President Kruger 
and his Government insisted on obtaining condi- 
tions of residence which, though not very severe 
in themselves, led to much agitation among the 
Outlanders. An invasion of tiie Transvaal by a 
number of the Outlanders was actually undertaken, 
under the leadership of Dr. Jameson, in 1895, but 
the invaders were met by a large force of Boers and 
compelled to surrender. Events now drifted rapidly 
towards a renewal of the war between England 
and the South African Boers, and in December, 
1899, Lord Roberts, one of England’s most famous 
generals, was sent out to take command.. The war 
lasted for three years. The difficulties in the way 
of any rapid conquest were just the same as those 
which met the British commander and troops in the 
former Transvaal war. 

The relief of Mafeking by the. English troops 
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exoited a tremendous enthusiasm through England. 
The Orange Free State was conquered and annexed, 
and then President Kruger, realising that all hope 
for the Transvaal was gone, fled from Pretoria, the 
capital, which was entered by Lord Boberts on 
June 5th, 1900. There were some further struggles 
and a long period of negotiations. The Dutch 
offered concessions from time to time which the 
Government refused to accept, but it had 
become apparent to everyone that the actual war 
was over. A peace conmrenoe was held in May, 
1902, in Pretoria. The British terms were uncon- 
ditional surrender and tbe annexation of the 
Transvaal and the Orange Free State to the British 
Empire, but with thejright of these states to local 
self-government, and we undertaking that no 
death penalty was to be inflicted on any of those 
who had fought in defence of the South African 
States. England has since allowed to the Transvaal 
its full power of local self-government, and it holds 
now a position like that of Canada or one of the 
Australasian colonies. 

Some Great Reforms. The reign of 
Queen Victoria was essentially a period of reform. 
The system of transportation for convicts found 
guilty of any crime maxing them liable to a penalty 
short of capital punishment was abolished in 1857, 
and the system of penal servitude and tickets of 
leave, which had been extending its application 
became definitely set up in its place. 

The reign was distinguished by reforms of all 
kinds — in constitutional and political arrangements, 
in jurisprudence and its workings, in the applica- 
tion of medical science, in financial systems, in 
universities and colleges and schools, in art and 
letters. We have already described the movement 
for the introduction of Free Trade in corn, and there 
had been more lately a commercial treaty with 
France accomplished mainly by the intelligence and 
the persuasive powers of Richard Cobden auring the 
reign of Napoleon III, 

The principle of religious equality was developed 
during the reign of Queen Victoria in a manner 
which makes the reign an era in England’s history. 
Flogging in the army was abolished after years of 
agitation by a small and enlightened minority 
in the House of Commons. The Divorce Court has 
been set up and the old-fashioned, enormously 
expensive procedure through the House of Lords 
has become one of the curiosities of past history. 
In the x)olitical world we have had many great 
reforms, some of which have almost entirely cleared 
the air from the foul atmosphere of bribery and cor- 
ruption which for many generations suffused our 
narrowly limited electoral system. Great political 
changes during Queen Victoria’s reign were made 
by Conservative as well as by Liberal administra- 
tions. Disraeli having, as the leader of the Conserva- 
tives, defeated a very moderate Liberal measure 
of Parliamentary reform, introduced, when he 
became Prime Minister, another measure going 
much farther. Gladstone, at the head of a Liberal 
Ministry, introduced more lately the measure which 
set up the political system we have now in existence, 
practically establishing manhood suffrage. 

Gladstone** Home Rule Bill. In 1986 
Gladstone, once again in power, became convinced 
that the Irish Nationalist Party, the large majority 
of the Irish members of Parliament, were really the 
spokesmen of Ireland’s demand for Home Rule. He 
brought in a measure for the creation of a statutory 
Parliament in Ireland, which was defeated on its 
second reading by the Conservative Opposition, with 


the help of many dissentient Liberals, and Mr. Glad- 
stone, having appealed to the country, was defeated 
also at the General Election. But at the General 
Election of 1892 the Liberals, with the Irish 
Nationalists, secured a majority over the Unionists, 
and in 1893 Gladstone’s second Home Rule measure 
passed through the Commons, but was thrown out 
by the House of Lords. Since that time the Irish 
National movement has been growing steadily in 
strength and in popular acceptation. 

On January 22na, 1901, Queen Victoria breathed 
her last. With her death the longest reign re- 
corded in England’s history came to an end. She 
was the first really constitutional sovereign who had 
ever occupied the English throne, and was suc- 
ceeded by her eldest son, Albert Edward, known as 
Edward VII. 

CHINA AND JAPAN 

China and Japan were, in Queen Victoria’s reign, 
beginning to break out upon the world in quite a 
new light. Euro^ was during many centuries brought 
into occasional intercourse with (mina, and England 
had especially been brought during many succeeding 
generations into conflict with the rulers of the Chinese 
Empire. But Japan had remained a state in abso- 
lute seclusion from the European world, just ns she 
had been from the opening of her history. Suddenly, 
in 1867, a revolution broke out against the feudal 
system, which had hitherto ruled Japan, and with 
the success of that revolution the proCTessive party 
which came into power reversed all the traditional 
ways of the Japanese people. Japan seemed to have 
undergone a new birth. The passion of the Japanese 
now was for everything new, for everything belong- 
ing to modem ISuropc and to the United States ; 
for the newest methods of political government, the 
newest developments of science and letters and art, 
the newest fashions and fantasies. The first railway 
in Japan was opened in June, 1872. Telegraph 
wires were soon conveying their flight of messages 
over the whole cotmtry and from the country abroad. 
The fine arts and the letters of Europe were studied 
everywhere with avidity. 

A New Power in the Far East. But 

it was not only in the arts of peace that the 
Japanese began to take a sudden interest. Japan 
appeared to be inspired by a desire to become 
proficient in the knowledge and the practice of 
the modem warfare, and in these the Japanese 
showed themselves marvellously successful. Japan 
became entangled in a war with China for the 
over-rulership of Corea, and the Japanese un- 
questionably had the best of the struggle. From 
that time it began to be apparent to the whole world 
that Japan was determine to emerge once for all 
from her long seclusion and to become a conquering 
power. She adopted the principle of constitutionid 
representation, and on July Ist, 1890, she opened 
her first national Parliament. But Russia at this 
time began to prove herself a determined opponent 
to the spread of Japanese influence in the Far East. 
Russia, although, strictly speaking, one of the Euro- 
I)ean Powers, was, because of her vast Siberian terri- 
tory, growing civilisation, and rapidly developing 
railways, making her influence widely felt through- 
out Asia, A jiower determined to rise like Japan 
was sure to come sooner or later into antagonism 
with Russia. This is what happened, and the result 
was a -war which the whole world watched with 
keen anxiety. The outcome was a complete victory 
for Japan, and it then became evident that a new 
power had arisen in the Far East. 

Condttded 
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, or shooting stars, have been 

known to mankind from the earliest times, 
though it is only of late years that their intimate 
association with comets has been discovered, 

Aerolite** Shooting stars must be divided 
into two classes. There is the solitary fire-haU 
or aerolite [ 40 ], which sometimes assumes very 
respectable dimensions, like that which burst 
over Madrid a few years ago, or that which once 
strewed the plains of Arizona with vast masses 
of meteoric iron. These visitors can never be 
predicted, though few nights in the year pass 
without one or more of them being visible to the 
careful watcher of the skies. They are masses 
of rock, chiefly consisting of pure iron, which collide 
with the earth as it travels through space, but are 
fortunately prevented, as a rule, from dashing 
against its surface by the convenient buffer inter- 
posed by the atmosphere. The resistance of the 
air, which is practically experienced by cyclists 
struggling with a head wind, increases very rapidly 
with the velocity of a body moving through it. It 
is the most serious factor in the flight of a modern 
projectile, and a meteorite which enters the air 
with a velocity of many miles per second is promptly 
raised to such a temperature by the atmospheric re- 
sistance to its motion that it is rendered incandescent 
and dissipated into vapour or dust, imless its size 
is very great. In the latter case it breaks up into a 
number of small pieces, writh a flash and a report 
which is sometimes heard on the surface of the 
earth, and those pieces may ultimately reach the 
ground. 

Many specimens of such aerolites are to be 
seen in the Natural History Museum at South Ken- 
sington ; the Sacred Black Stone of Mecca and 
the image of Diana, which was said to have fallen 
from heaven at Ephesus, are believed to be the re- 
mains of such meteorites. But, as a rule, visitors 
of this kind are entirely consumed in the upper 
regions of the air. The luminotcs streak which they 
leave behind them as we watch them on a clear 
night is composed of their disintegrated dust 
raised to incandescence by the friction of the air. 
This dust slowly settles down upon the surface of the 
earth, and is frequently met with in the ooze of the 
deep seas and among the sands of the deserts. It 
has been estimated that between 1,000,000 and 
2,000,000 of those shooting stars are encountered by 
the earth in every twenty-four hours. If it were 
not for the atmosphere we should be bombarded 
by these projectiles in a fashion far more perilous 
than any known to Iiodysmith or Port Arthur. 

Stai>ahower*« In addition to these solitary 
and mostly invisible aerolites, the earth encounters 
meteor swarms which are of periodical occurrence. 
The most conspicuous and famous of these are the 
November meteorites, known as the Leonids, 
which used to give rise to a wonderful display of 
celestiid fireworks once every thirty-three years. 
From very early times men have recorded the fears 
produced by the contemplation of this wonderful 
and brilliant onset of stars shooting madly from 
their spheres. In 1833 the negroes of the Southern 


States were quite persuaded that the end of the 
world was at hand^ The sky was said to be as full 
of shooting stars as it is of snowflakes in a winter 
storm [ 41 ]. They reappeared in 1866. 

Something has recently gone wrong with 
these Leonid meteorites, and the display which 
was confidently expected about 1899 never took 
place. There are several hundred of these 
meteor-showers known to astronomers, and hardly 
a week in the year passes when one or more of them 
is not due. Each shower is recognisable by the fact 
that it seems to come from a particular place in 
the heavens, and it is usually named after the 
particular constellation from which it comes. Thus 
the two chief November star-showers are the 
Leonids, coming from the constellation of Leo, and 
the Andromedes, coming from the constellation of 
Andromeda. A star-shower due about the 10th of 
August, popularly known as the Tears of St. Lawrence, 
consists of the Perseid meteorites, coming from the 
constellation of Perseus. The point from which 
any particular star-shower appears ' to come is 
known as its radianty and is found by tracing 
the path of each observed meteorite upon a star 
chart; the point in which all these paths meet — 
their vanishing point — is the radiant point [ 42 ]. 

Meteoiitic Swarms. Many of these star- 
showers occur year after year on the same night, 
whilst others, like the November Leonids, occur 
on the same night at intervals of many years. 
There is only one plausible explanation of this fact. 

The shooting stars which bwome visible by con- 
tact with our atmosphere on a particular night in the 
year must belong to a swarm of such bodies travelling 
round the sun in a definite orbit, which intersects 
the orbit of the earth at the point which our planet 
reaches on that night. At every meeting a con- 
siderable number of these minute bodies are sacri- 
ficed by cont8U3t with the earth, but their number 
is so great that there seems to be no appreciable 
diminution in it. If the meteoritic swarm be dis- 
tributed with evenness along the whole of this 
orbit, there will be a display of shooting stars 
of pretty much the same brilliance every year. 

In the case of meteorites like the Leonids, which 
only appear once in thirty-three years, the main body 
of the meteorites must be concentrated into a swarm 
which travels round its orbit at such a speed that 
it only passes the earth’s orbit while the earth is in 
that neighbourhood once in thirty-three years. The 
explanation of the failure of the Leonidis to appear 
when they were last due is that some external 
cause has changed their motion by perturbing their 
orbit so that now they just miss the earth. The 
orbits of a considerable number of these meteorite 
swarms have now been calculated — a wonderful 
achievement when we remember that they can only 
be studied in the brief instants in which they arc 
burnt up by the contact with our atmosphere. 

A Comet is a Meteoritic Swarm* Soon 
after the great shower of November meteorites 
in 1866, it was shown by an Italian astronomer, 
Schiaparelli, that the orbit which has been assigned 
to the Perseids or August metecHrites was identical 






with that of a comet which had been observetl in 
1862. Soon ^terwards the orbit of the Leonids w 
November meteorites was also calculated, and it 
also turned out to be identicar with that assigned 
to a comet which had been discovered by Tempel 
in 1866. Next the Andromeda meteorites, which 
meet the earth in the latter part of November, 
were found to move in the track of Biela’s comet. 
Since then at least five other meteoritic swarms 
have been found moving in orbits coincident with 
those of comets. 

It is impossible to suppose that all these coinci* 
deuces are accidental. It is now believed that a 
comet is simply a meteoritic swarm, and that when 
it disintegrates — as more thai^ one comet has been 
seen to do— it breaks up into a crowd of meteors, 
which tend to be scattered gradually more and 
more thinly along its orbit, until in the lapse of time 
there results an orbit covered from end to end with 
a thin ring of flying meteorites. These meteorites 
are mostly quite tiny bodies — mere specks of cosmic 
dust — though some are suflRciently large, as we have 
seen, to endure the intense heat which they undergo 
in passing through the atmosphere and still reach 
the earth as a solid mass. There is good evidence 
that at least once or twice many tons of solid iron 
have thus been precipitated to the earth ; fortu- 
nately for our comfort, such evidences are rare, and 
are not known to have occurred in historic times. 

The Fixed Stare. We have next to study 
the nature and constitution of the so-called fixed 
filara. Our sun is a body of the same kind as the 
stars, of which about 3,000 are visible to the naked 
eye in our hemisphere, and many of which are, in 
reality, far larger and brighter than our luminary. 
Yet their vast distances make them appear only 
sparkling points of light — for no telescope that 
man is ever likely to make can be expected to reveal 
the physical features of any of tne fixed stars. 
The spectroscope, however, has told us nearly as 
much about their chemical construction as anout 
that of the sun, while the telescope and spectroscope, 
with the gravitational theory, have revealed the 
most wonderful facts about their movements. 

The fixed stars are arranged for convenience in 
certain groups or constellations, of which about 
eighty-six are recognised. Most of these constella- 
tions date from times when the heroes and totems 
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of early civilisations were placed in the sky by a 
race living in the Euphrates Valley; many of them 
were afterwards modified to suit Greek mytholc^. 
The particular stars of each constellation are 
denoted by the Greek letters of the alphabet. 
Alpha, Beta, Gamma, etc., beginning with ths 
brightest. Where it is necessary in telescopic work 


to deal with a greater variety of stars, they are 
given .numbers or indicated by their place in some 
catalogue of stars. The brightest of the stars have 
also names of their own, like Sirius and Aldebaran. 

The stars are classified according to their bright- 
ness in a series of magnUudea, On the original and 
rather rough scale, a star of any given magnitude is 
about two and a half times brighter than the average 
star of the magnitude immediately below it. There 
are twenty stars of the first magnitude, which differ 
greatly in. brightness. Sirius is more than fourteen 
times as bright as Regulus, but both stars are called 
of the first magnitude. Stars of the sixth magnitude 
are the faintest normally visible to the naked 
eye. The more exact photometric methods of 
modern astronomers have led to more exact classi- 
fication by tenths, and even hundredths of magni- 
tudes, and in the case of the brightest star a negative 
magnitude has been introduced ; thus Sirius, the 
most brilliant of the fixed stars, is said to be of 
magnitude — 1 *58. A typical first magnitude star 
is Betelgeux, in Orion. The stellar magnitude of 
the sun, on this scale, would be about - 20. 

Parallax of the Stare. The prime fact 
about the fixed stars is that they are all situated at 
gigantic distances from the sun and from one 
another. For a long time the strongest objection 
to the theory of Copernicus was that if the earth 
really changed its place by an annual translation of 
more than 180,000,000 miles, the stars would have 
an altogether different appearance in perspective 
when the earth was at opposite ends of its orbit. 
The truth is that some of them do look differently 
to us at intervals of half a year, but the diameter 
of the earth's orbit is so tiny in comparison with the 
distance of the nearest star that any change in the 
apparent configuration of the stars caused by our 
motion from end to end of it is quite imperceptible 
to the naked eye, and can only be measured by the 
most accurate observations with powerful telescopes. 

Some of the stars thus display an annual paraUaXj 
or show n slight difference in direction, according to 
which end of the earth’s orbit we are looking from. 
The annual parallax of a star is, as already explained, 
equal to the angle which would be subtended at that 
star by twice the distance between the earth and 
the sun. But there is no star in whose case this 
parallax would amount to as much as a single second 
of arc. As Miss Gierke puts it, the annual shift of 
no known star amounts to as much as the width of a 
8ixi)ence held up at Charing Cross and seen by an 
observer at Stanhope Gate or Millbank. The 
difficulty of measuring quantities of this nature is 
obvious. The most delicate instruments and the 
most refined handling are necessary for tackling the 
problem. Yet it has been successfully solved in 
the case of a fair number of stars. 

The UnthinKable Dietancee of the 
Stare. Stellar distances, as will now be seen, 
are so gigantic that we are forced to measure 
them in terms of some different unit from 
that ordinarily used in computing distances. The 
nearest star is 275,000 times as far away as the 
earth is from the sun. Even this distance, if set 
forth in. miles, would be quite unrealisable. To 
measure the distance of a star in terms of its parallax, 
though perfectly convenient for astronomers, has 
two objections for popular use, since the distance 
varies Inversely as the parallax, and the latter lias 
always to be expressed in small fractions of a second. 
Consequently, the unit which has been generally 
adopted for expressing the distances of the fixed 
stars is that known as the lighi^year. This is the 
distance over which light would travel in a year. 


rhis diBtanoe can be computed m miles by multi- 
plying the number of seconds in a year by the speed 
of light — 186,330 miles per second. It is more useful 
to know that the light-year is 63,243 times the mean 
distance of the earth from the sun, over which light 
passes in 449 seconds. Thus the light-year is to 
the distance of the earth from the sun almost exactly 
as a mile is to an inch. A star with a parallax 
of one second is at a distance of 3*26 light-years 
from the earth. To find the distance of any star 
from its parallax we can use the simple formula 
d = where d is the distance in light-years 

and p is the parallax in seconds. The nearest of 
all stars is the brightest star of the constellation of 
the Centaur, Alpha Centauri, which has a parallax 
of 0*76 seconds, and is consequently at a distance of 
4*3 light-years from the sun. 

The Scale of the Universe. Let us try 
to get a rough practical idea of what this means. 

Suppose we are making a model of the solar system 
and the stars. Let us start by taking a swan shot i in. 
in diameter to represent the sun. The earth will 

be represented by a tiny speck of dust 1 ft. distant ,, , , . , ^ , 

from this central globe. The superior planets come earth, and was also able to see things clearly 

at distances varying from 6 ft. in the case of Jupiter through any distance, could at will actually see 
to 30 ft. in the case of Neptune, the outermost planet. which has taken place on the earth 

Some of the periodical comets travel out a good deal beginning of its history— at least, in the 

further into space— perhaps ns much as 200ft. or open air and under a clear sky— by simply travelling 

300 ft. But in order to get the nearest of the fixed d>R^nce to which the light rays carrying 

stars into our model, we have to travel out for 50 picture of that scene have now advanced, 

miles before we reach its place on the same scale. The R.eal Magnitude of the Stars* 

This will give the student some idea of the amazing Having gras^d the conception of the immense 

isolation of our system. There is good reason to distances which separate us from the fixed stars, 
suppose that the average distance of the stars from wc nr® now in a position to see that these stars must 

one another is on pretty much the same scale. reality be gigantic suns. Wherever we can 

Some of the most conspicuous and brilliant stars, measure the distance of a bright star, we can make- 

such as Canopus, Arcturus, and the bright star a rough calculation of its size by comparing its light 

Rigel in Orion, have yielded no perceptible parallax, with that given by the sun. We see at once that 

which means that their distance can be in no case many stars must in reality be very much larger 
less than 110 light-years. Among the nearest and brighter than our sun. Sirius, for instance, is at 

stars to the earth are Sirius (8 *6 light-years), Procy on ^ distance of rather more than' eight light-years; 

(10*9), Fomalhaut (23*3), and the Pole Star (44). if the sim were removed to this distance, it would 

The determination of stellar parallaxes is one give one-thirty-sixth as much light as Sirius 

of the most difficult tasks an astronomer can gives, and we consequently infer that Sirius is thirty- 
undertake. Photography has greatly helped in it, six times as powerful a light giver as the sun. There 

but as yet there are little more than‘70 stars whose of course, two factors in such a result. Sirius 

parallaxes are well determined. These, however, may either be very much bigger or very much brighter 

afford a scale for judging the size of the universe, than the sun. We shall see directly that in many 

and it has been estimated that the smallest stars cases we are able to measure not only the brightness, 

visible in the most powerful modern telescope may t>ot the mass of a star. 

some of them be at such a distance that their light Some of the other stars are far larger still, 
would take more than 30,(X)0 years to reach the earth Arcturus, which is about 126 light-years away, 

— that is, in the model already described they would must be at least a thousand times as luminous 
have to be placed farther away than the moon ! the sun. Canopus, the second brightest star in 

How History might be Lived Again, sky- never visible in our latitudes— has shown 

We may just remind the reader that this means, no parallax at all, wherefore it must be well over 

among other things, that if such a star were to be iOO light-years away. At that distance our sun 

destroyed to-day by some catastrophe its light would would shrink to a star of the tenth magnitude, 

continue to shine upon us for 30,000 years, and only absolutely invisible to the naked eye, and it can be 

at the end of that period would astronomers notice calculated that Canopus is equal to at least 22,000 

its disappearance. When we look at the star-strewn suns lumped together. No doubt many tiny 

heavens, we are really gazing not only into the telescopic stars, sunk in infinite space, are really 

depths of space, but also into the dark backward still more brilliant and gigantic stars. Our own sun, 

abysm of time. We see the moon not as it is now, short, must be regarded as quite a second-rate 
but as it was a little more than a second ago ; member of the starry host, 
the brilliant Dog Star shines on us with the radiance The Motions of the Stars. Many stars 
which lit it more than eight years before to-night. . not only show the annual shift of a fraction of a 
Some of the other stars, and those among the second which is due to parallax, but also change their 

brightest, we see not as they are now, but as they position very slightly from year to year in conse- 

wero at the time of the Spanish Armada or the Nor- quence of their ptvper motion* There are two 

man Conquest. A French astronomer has mode a ways in whioh this motion can be measured, 

very interesting and perfectly sound deduction that One is by the actual displacement of a star on the 

a msembodied spirit which was able to move in- celestial sphere. About a hundred stars are now 

stantaneously through space to any distance from known which thus move a second or more per 
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annum. Such a displacement is perfrotly measur- 
able by modem instrummits, though it omv means 
that in about 2,000 years such a star would move 
over a distance equu to the diameter of the full 
moon. The star which has the greatest proper 
motion yet known moves over about eight seconds 
in the year. It is, unfortunately, invisible to the 
naked eye. If we Imow the approximate distance of 
such a star from the eartl^ we can, of course, 
calculate its actual velocity. 

Runaway Stars* Thus, the extraordinary 
discovery has oeen made that the gigantic Aroturus 
is dying through space with a velocity of 257 miles 
per second — about 14 times that of the earth. What 
makes this so extraordinary is that the gravitational 
theory tells us that a star flying at such a speed 
cannot possibly be checked by the united gravitation 
of the whole wown universe. It cannot be moving 
in an orbit, as almost all the heavenly bodies do, 
but seems to be engaged in a headlong rush throu^ 
space, traversing me universe as an express train 
dashes through a wayside station. There are a 
few other stai-s of which the same thing has to be 
said. But, as a rule, the motion of the stars turns 
out to be similar in kind to that of the earth itself. 
Where their paths have been noted for a series 
of years, they generally prove to be not straight, 
but curved — parts of . 

some vast orbit, which, / 


The principle is exactly the same as that by which, 
when an express train dashes through a station, 
whistling all the time, the note of its whistle changM 
in pitch as it passes the observer. When the engine is 
approaching, a greater number of sounds reach the 
ear in every second, and the pitch of the whistle 
seems ^her than it would be the engine were at 
rest. M^en the engine has passed, the number of 
sound impulses in a second is diminished, and the 
pitch of the whistle drops noticeably. In the same 
way, the . lines in the spectrtun of any star shift 
towards one end or other, according as the star is 
travelling towards us or from us, ana the amount of 
shift is proportional to the star’s velocity in the lino 
of sight. In this way, the speed of many stars 
towards or from the earth has been measured, and 
the combination of these two methods of measure- 
ment in many cases. gives us, by composition, the 
actual speed and direction of the star’s motion. 

The chief result of •such investigation is to show 
that there is no such thing as rest in the universe ; 
every star that we can examine is in motion, and 
this, of course, is perfectly in accordance with 
the teaching of dynamics, which tells us that no 
such thing as a state of absolute rest can exist. 
All the stars which mutually attract one anothei 
are moving in vast orbits, with the exception ot 
the few runaway stars 
like Arcturus, which 


in many cases, we are 
able to calculate, ns 
will be shown when w’e 
come to speak of double 
stars. 

There is a more modem 
way in which motions of 
the stars can be measured 
with even more accu- 
racy. Of course it is 
not the case that all the 
stars which we see mov- 
ing on the face of the 
heavens travel at right 
angles to our line of 
sight. Their paths lie in 
all possible directions. 
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seem to have come 
from the outer void of 
space and to be hasten- 
ing back to it again. 

Multiple Stare. 
One of the first disco- 
veries of the telescope 
was that many of tne 
stars which seem single 
to the naked eye really 
consist of two or more, 
very close together. The 
first double star disco- 
vered was the middle 
star in the tail of the 
Great Bear, which 
shows to great advan- 


and all that we see of 

them is their fore-shortened projection on the imagi- 
nary sphere of the heavens. It will be apparent 
that a star which happens to bo travelling straight 
towards the earth wovud not seem to be moving at all. 
But the spectroscope, among its numerous aids to 
astronomers, enables us to measure a star’s motion 


tage, even in a small 
telescope. Another very fine double star, easily 
visible, is Castor, in the Twins. More than 12,000 
of such pairs are now known. It is, of course, 
possible that a pair of stars, apparently so close 
together that they blend into one to the naked 
eye, may really be separated by a distance of 


in the lino of sight with remarkable accuracy. This 
is in virtue of what is known as Doppler's principle 
[see page 3260], which may be briefly explained here. 

Measuring the Stars* Velocities. We 
have already seen that the spectroscope breaks up 
the light given by any star into a series of lines, 
each of which has a defined place corresponding 
to the gas which gives birth to it. This is due 
to the fact that light of any particular wave-length 
is refracted to a definite extent. But suppose 
that the luminous object is travelling toward the 
spectroscope. The result will be that the light 
which it emits will reach the spectroscope with its 
own speed phis that of the moving body. Conse- 
quently, a greater number of light-waves will reach 
the prism in a second than womd be the case if the 
luminous object were at rest. This causes a shift 
of all the lines in the spectrum through a distance 
which, though very minute, is capable of being 
measured with sufficient accuracy to reveal the 
stellar velocity in question. 


many light-years, since they happen to lie in the 
same line of sight but at very different distances 
from the earth. But by far the greater number of 
double stars are physically connected pairs, which 
revolve in an orbit round a common centre of 
gravity. 

Measurements made with the spectrosco^ show a 
double shift of the lines, which can only be due to the 
existence of two stars moving in opposite directions. 
In many cases this shifting of tne lines has been 
observed to change periodically, so that the actual 
period in which tne two stars complete their orbit 
can be accurately measured, though neither of them 
is ever visible separately. As an example of a 
typical double star, wo may take Alpha Centauri, 
which consists of two stars nearly eaual to our sun, 
which complete a very elliptical orbit about their 
common centre of gravity in about 81 years. 
SiriuB, again, is the visible member of a double star, 
and has a companion of half its own mass, but 
4,000 times less luminoua^ the pair completing their 
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orbit in about half a centur 
stars, but triple, and even nigher, combinations 
exist in the heavens. In many oases these asso- 
ciated suns have strongly contrasting colours, which 
make them very beautiful objects in the telescope, 
and must create extraordinary conditions of vision 
for the possible inhabitants 
of a planet which happens 
to circle round one of them. 

Blue, green, red, and yel- 
low stars are sometimes 
found, all associated to- 
gether in a single system. 

Colours of the 
Stars. Even with the 
naked eye we can see that 
the stars vary in colour. 

Some, like Aldebaran, An- 
tares, and Betelgeux, are 
fiery red ; others, like 
Vega, near the Pole, shine 
wim a bluish lustre. 

Others, again, like Sirius, 
are white with a bluish 
tinge, while the majority 
shine with a yellowish - 
white light like that of 
our sun. There is good 
reason to suppose that 
these different colours in- 
dicate a different stage 
of stellar evolution, the 

bluish-white stars being the hottest, the red stars 
being comparatively old and cool, while the yellow 
stars, like our sun, hold a middle place. Telescopic 
stars often show much more brilliant colours than 
any which are visible to the naked eye, shining 
with sea-green and lilac, gold and azure, orange 
and emerald. These colours are usually found in 
compound stars, and not infrequently are found to 
vary from time to time. 

Variable Stars. A great number of stars 
shine with a fluctuating or variable light. Observa- 
tion has divided them into many classes. There are 
some in which the change is 
regular and recurrent. The 
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best example of this tyj^ is 
Mgol, the Der 
falls 


Algol, the Demon Star, which 
frofn the second to the 
fourth magnitude once every 
three days, and is now known 
to be partially eclipsed by 
a vast dark satellite which 
revolves round it in that 
period. Another type is that 
of Mira, the Wonclerful Star, 
whose light varies in a cycle 
of 333 days from below the 
ninth to nearly the second 
ma^itude. At its weakest, 
it » quite invisible to the 
naked eye, while at its maxi- 
mum it is quite a conspicuous 
star. Variability of this type 
is shown to be due to a peri- 
odical conflagration in the 
star. What causes this we 
do not know, but it is 
possible that this remark- 
able behaviour is some- 
what analogous to the behaviour of the spots on 
our own sun, which is itself a very slightly variable 
star with an eleven-year period. There are several 


need not be described here. are other stars 

which vary without regularity or warning, such as 
Eta Carinas, which is normally invisible to the 
naked eye, but has been known on several occasions 
to burst out with a blaze which made it one of the 
most brilliant stsrs in the heavens. 

Temporary Stare. 
There is no real distinc- 
tion between irregularly 
variable and temporary 
stars. The latter, which 
create great interest 
among me public as well 
as among astronomers, 
are stars which once in 
history burst out into a 
sudden blaze, and then 
again shrink down to their 
former insignificance. The 
earliest recorded of these 
was seen by Tycho Brahe, 
in 1572, when a star which 
outshone even Venus and 
Jupiter suddenly blazed 
out in Cassiopeia. Within 
the last few years there 
have been well-known out- 
bursts of the same kind in 
the constellations of Auriga 
and Perseus. Spectroscopic 
analysis has made it quite 
clear that in all these cases 
what we see is a veritable conflagration. Vast 
outbursts of incandescent gases suddenly well up 
from the interior of a quiescent and comparatively 
faint star, and raise it to a degree of luminosity 
which may rival that of vast and steady globes like 
Sirius or Vega. But such a star lacks the energy 
to keep up this output of light, and before very 
long dies away to its former faintness. 

How the Earth might be Burnt Out. 

It has been supposed that the collision of two 
stars, or the falling of a vast planet into a tiny sun, 
might account for some of these sudden outbursts of 
light. Such an occurrence 
would certainly produce a 
blaze visible all over the 
heavens, but the collision of 
two stars is so improbable an 
event, in view of their vast 
distances apart, that we may 
eliminate it, and the falling 
of a planet into a sun has 
not as yet been known to 
occur. Probably it is bound 
to happen as systems grow 
old and decayed ; it will 
certainly happen one day in 
our own system. But the 
behaviour of our own sun 
shows that the evolution of 
incandescent gas from a star’s 
interior is quite a normal in- 
cident in stellar life. If the 
vast eruptions of glowing 
hydrogen which are daily 
emitt^ from the sun’s sur- 
face were increased tenfold 
by some interior convul- 
sion, the sun itself would 
blaze out as a temporary star — and, incidentally, life 
would be burnt off our planet. We can only say that 
the great majority of stars shine with fair regularity. 
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star with an eleven-year period. There are several the grea,t majority ot stars snme witn lau reguiariDy, 
other classes of periodically variable stars which and hope that the sun will continue to do the same. 
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Olustors of Storo* A number of etars 
are arranged in clusters of groups, whilst othei% 
like our own sun, are at vast distances from their 
nearest neighbours. Some of these clusters, of 
which the Pleiades afford the best example to the 
naked eye, can be resolved by a keen eye into 
separate stars ; some, like Prsesepe in Cancer [ 48 ], 
which only show to the naked eye as a har.^ spot 
of light, break up in a good field-glass into clusters 
of stars ; but the majority of stellar clusters require 
a powerful telescope for their resolution. 

It was long ago noticed that the more powerful a 
telescope was, the greater was the number of these 
hazy spots of light which it would resolve into clus- 
ters of stars. (S)n8equently the opinion was formed 
that all the hazy little clouds or nebulm [44 and 45 ] 
which are so prevalent throughout a large part of the 
sky were simply clusters of stars, so far awav that 
their light merg^ into a single impression on the eye. 
A great number of these ncbuloe were only resolved 
by large telescopes, such as Lord Rosse’s 6-foot 
reflector. But a great many of these nobulas 
were found to be irresolvable by any telescope. 
It was simply concluded from this that they were 
still more distant than the clusters which had 
yielded to the resolving powers of the telescope, 
and it was further supposed that each of these 
clusters of stars might be a separate universe or 
galaxy, comparable in extent and importance 
with our own universe, bounded by the vast girdle 
of the Milky Way. 

This grandiose conception of innumerable uni- 
verses scattered throughout space was 
speedily destroyed by the spectroscope. 

As we have seen, the spectroscope ais- 
tinguishes with entire certainty l^twcen 
the light sent to us from a solid star and 
that emitted by a gas. Whep it was 
turned upon the nebula* which had been 
supposed in reality to be star clusters so 
distant that no telescope could resolve 
them, it showed unmistakably that these 
nebulae were not star-groups, but simply 
masses of incandescent gas. 

The Structure of the Unl« 
weree. At the same time improvements 
in the methods of measuring parallax 
caused astronomers to revise their some- 
what exaggerated notions as to the dis- 
tance of the faintest visible stars. They 
have, in consequence, mostly given up 
the theory of innuraerable universes in 
which the fancy of an earlier generation 
was pleased to run riot, and have formed 
a fairly coherent though still somewhat 
vague idea of the actual structure of the 
universe, of which a short account must 
now be given in conclusion. 

The most casual inspection of the staivy 
heavens shows that the visible stars are 
very irregularly distributed. Some regions 
are crowded with stars, whilst others show 
a very sparse distribution of orbs visible 
to the naked eye. The telescope, whilst 
vastly increasing the number of stars up 
to about 30,000,000 visible to the most 
powerful instruments, still emphasises the 
irregularity of their distribution. 

The Galaxy. There is one region' 
of the sky which is far more thickly 
strewn with stars than any other. This 
is the luminous belt wbioh surrounds the 
whole sky nearly in a great circle, which 
is /mown as the Milky Way, or the Galaxy. 
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To the naked eye it usually seems to be a luminous 
cloud, though on a very clear night it is possible 
for keen eyesight to make out here and there the 
brightest of Se individual stars which compose 
it. The telescope and spectrosoope agm in show- 
ing the Milky Way to be composed of innumerable 
stars, mostlv of the eighth magnitude or smaller, and 
set BO closely tc^ther that the whole belt of sky 
which they inhabit seems to be luminous [46 and 47 ]. 

The Milky Way contains very numerous 
clusters of stars, but very few gaseous nebulae. 
The rest of the sky nowhere contains any such 
crowding of stars as is found in the Milky Way, 
though here and there we find a bright cluster, 
like Praasepe, where several thousands are con- 
densed within a space much smaller than the full 
moon. The stars frequently seem to run into 
streams and groups, but on the whole their distri- 
bution is irregular and their number small in com- 
parison with mose of the Milky Way. 

The Milky Way an Illusion. There is only 
one hypothesis which at present gives any reason- 
able explanation of this distribution of the stars. 
We cannot believe that the stars which form the 
Milky Way are really crowded together so closely 
as they look. The Milky Way is purely an effect 
of perspective. If we suppose the stellar universe 
to have the form of a vast flat disc, something like 
a crown piece, of which the diameter is much 
greater than the thickness, and our own sun to be 
situated somewhere near the centre of this disc, 
a little thought will show that we should get 
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fiubfitajitially the same appearance as has been 
described. When we look along the plane of this 
disc the line of sight travels through thirty or 
forty times as many stars as when we look up or 
down at right angles to the plane of the disc, 

S rovided that the stars are distributed in all 
irections with fair equality. Consequently to an 
observer near the centre of the disc there will 
appear to be a nearly circular belt thickly strewn 
with stars, whilst the rest of the sphere is much 
less thickly set with stellar orbs. 

It is now generally held that this is roughly the 
arrangement of our stellar universe. There are many 
modincations in detail, based on the distribution of 
variors kinds of stars and on the details which form 
the Milky Way, but these must be studied in more 
elaborate works, such as Miss Gierke’s “ System 
of the Stars.” It is enough to say here that the 
probability is that our sun is near the centre of 
the stellar universe ; that this universe consists of 
at least 100,000,000 stars comparable to our 
sun, but many of them vastly brighter and more 
massive ; that these stars are arranged roughly in 
the shape of a circular disc of which the diameter 
is many times greater than the thickness ; that 
the central part of this disc, near which our sun 
is situated, is much less thickly set with stars than 
the outer parts ; and that its diameter is at least 
so great that it would t^ake light 30,000 years to 
cross it. 

The Nebular Theory of the Uniyeree* 

It remains to add a few words as to the theory now 
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accepted of the development of this universe and 
of systems like our own. We have seen that bright 
stars are divided into various types, according to 
their different spectra and colours. Some of them 
are undoubtedly hotter, and therefore younger, 
than others, and it is practicallv certain that there 
are many stars in the void of space which have 
grown cold and dark, so that we can never see them, 
though in some cases we are able to infer their 
existence from their gravitational influence on the 
neighbouring bright stars. Further, the universe 
contains a great number of nd)vl€B [44 and 46 J, which 
are merely clouds of incandescent gas. It was first 
suggested, by the great philosopher Kant, that these 
nebulae might be the raw material of suns with their 
attendant planets. The physical conditions domi- 
nating the history of such nebulae have been fully 
worked out by several generations of mathema- 
ticians. 

The Birth of a Solar System. Suppose 
that we have a nebula or cloud of incandescent gas 
some 5,000,000,000 or 6,000,000,000 miles in 
diameter. This nebula must be subjected to two 
distinct causes of change. In the first place, all its 
material particles must attract one another by the 
law of gravitation, so that the nebula tends to 
condense towards the centre ; and simultaneously, 
the incandescent particles which compose the nebula 
are constantly radiating heat out into space, so that 
the nebula must always be losing heat. On these 
two facts Laplace and his followers erected a 
complete theory of stellar evolution. Such a nebula 
cannot for a moment remain at rest, 
even if, which is exceedingly impro- 
bable, it was originally in such a con- 
dition. It would necessarily acquire a 
rotation about an axis, in addition to 
the movement through space which it 
would have under the influence of 
external gravitating bodies. 

It has been shown mathematically 
that such a rotating nebula, losing heat 
at the same time and condensing in- 
wards, would at regular intervals shed 
rings from its substance, and that these 
rings would tend to break up and 
coalesce into roughly spherical bodies 
or planets, which would revolve round 
the centre of the whole nebula and at 
the same time rotate on their own 
axes. Each of these rotating masses, 
if still hot enough to preserve the 
nebulous condition, would repeat the 
history of the original nebula, in turn 
shedding rings, which would coalesce 
into secondary spheres or satellites. 
Each of these derivative or secondary 
nebulae, being much smaller than the 
parent nebula, would cool much more 
rapidly, and might become a solid 
body whilst the original nebula was 
still in the state of nery gas. 

This is believed to be the general 
history of the origin of the solar sys- 
tem, although further research has 
thrown doubt on some of Laplace’s 
ideas. Once it was a vast cloud of 
fiery gas stretching beyond out the 
orbit of the farthest planet As it 
contracted, it shed rings, which broke 
up into planet after planet, each with 
its own satellites. Neptune and 
Uranus came first ; then Saturn, 
where the first anomaly appeared, 
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for one or more of the rings which Saturn shcc! 
in cooling did not coalesce into a spherical satellite, 
but remained as the wonderful arrangement called 
Saturn's Bings, which consist of a swarm of tiny 
meteorites or cosmic dust. Jupiter, the largest of 
the planets, was next formea The next ring 
thrown off by the original nebula behaved like 
the rings shed by Saturn, and gave birth to the 
swarm of minor planets. Mars, Earth, Venus, and 
Mercury, were next bom in the same order. 

The vast luminous orb which we call the sun, and 
which we have seen to be still in an intensely hot 
gaseous condition, is merely the shrunk and dwindled 
remainder of this vast original nebula. This is a 
brief sketch of what 
is known as the 
Nebular Theory of 
planetary e v o 1 u- 
tion. 

The Begin* 
ning and End. 

It is highly probable 
that the gaseous 
nebulse which exist 
in great numbers in ^ 
the heavens are all 
in an early stage of 
such evolution, and 
that all the stars 
which bedeck the 
.sky are the product 
of earlier nebulso, 
and are surrounded 
by planets like the 
sun. But we are 
now approaching a 
region which bor- 
ders on the realms 



bom, since the whole system Is constantly losmg 
energy in the form of light and heat radiated into 
space, from which (so far as we know) it never 
returns. From such a nebula there would be pro- 
duced a new system with a t|maller sun and .fewer 
planets, again in the vast lapse of time to clash 
together, and to be expand^ into yet another 
new nebula, still smaller and less potent. 

A Cosmic Eternity. Thus we can dimly 
foresee the cosmic future as a kind of switch- 
back, ever making smaller and smaller rusnes 
up opposing hills, till ultimately the machine is 
brought to rest and the whole mass of material 
which now composes the solar system voyages 

through spare in 
the form of one 
dark, solid, and 
lifeless globe. Pos- 
sibly, two such 
globes may dash 
together after mil- 
lions of ssons, and 
again break up into 
one vast nebula, 
instinct with that 
energy which con- 
tains the possi- 
bilities of living 
worlds. All this is 
pure speculation, 
and yet (as far as 
we Imow) it is the 
only course which 
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of imagination rather than research. Tlie span 
of our lives is so tiny in comparison with the 
vast ages that must go to the growth of even an 
inconsiderable system like our own, that man has 
as yet had no opportunity for verifying such a 
hypothesis. It may well be that the vast drama 
of stellar evolution pa.sses through an unending and 
recurrent cycle. We can mathematically foresee 
the time when the inexorable operation of physical 
laws will bring back planet after planet to crash 
into the sun, and the result of such a series of 
collisions should be to reproduce the fiery nebula 
stretching far out beyond our own orbit, ft cannot, 
indeed, he as vast as the nebula from which we were 
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That history is 
probably typical of 
what is going on 
throughout the universe. Everywhere there is a 
vast recurrent cycle in operation. The energy 
derived from some unimaginable cataclysm, con- 
verted into heat and light, and gravitational forces, 
gives birth to a nebula, which in turn evolves 
a solar system, and perhaps produces some race of 
sentient beings such as man, as a casual and tempo- 
rary accident in this evolution. We are, not un- 
naturally, apt to exaggerate the importance of this 
detail, but one of the advantages of even such a 
hasty survey of astronomical history as has been 
taken here is that it teaches us to estimate the place 
of man in the universe with a somewhat truer sense 
of proportion. 
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A SHORT DICTIONARY OF ASTRONOMICAL TERMS 


ABflOLITK^A meteor which falls to 
the earth's surface. 

Albir6o — ^A double star in Cygnus. 

Aleor — Star in Ursa Maior. 

Aldebaran — Br^test star In Taurus. 

Algol — ^A variable star in Perseus. 

AlphaPd— Brightest star in Hydra. 

Altair — BrightMt star in Aquila. 

Altazimuth— >Simplest telescope stand. 

Altltude—Heightof heavenly body from 
horizon in angular measurement. 

Andpomeda— A northern constellation. 

Annular Eclipse — When eclipsed sun 
appears as a ring of light. 

Ansa — The space between the ring and 
globe of Saturn. 

Antares — Brightest star in Scorpio. 

Aperture — Breadth of a telescope's 
object-glass, or principal mirror. 

Aphelion— A planet’s furthest distance 
from the sun. 

Apogee — A planet's furthest dis'- 
tance from the earth. 

Arc — ^A portion of a circumference. 

Arotupus — ^Brightest star in Bodtes. 

Argo — ^A southern constellation. 

Asteroid — See planetoid. 

Auriga — A northern constellation. 

Axis — The Imaginary line on which a 
heavenly body rotates. 

Azimuth — Angmar distance of a 
heavenly body measured horizontally. 

BBLLATRIX— A star in Orion. 

Betelgeuse — A variable star in Orion. 

Bode's Law — An empirical arrange- 
ment of toe planetary distances. 

Bolide — A species of shooting star. 

Bodies — A. northern constellation. 

OANIg MAJOR AND MINOR— Two 

southern constellations. 

Canopus — Brightest star in Argo. 

Capella — Brightest star in Auriga. 

Cassiopeia — A northern constellation. 

Castor— A bright binary star in Gemini. 

Cepheus — A northern constellation. 

Charles's Wain— Portion of Ursa 
Major. 

Colure — Imaginary circle of the 
celestial sphere. 

Comes (Comeez) — The small oom- 
panion in a double star. 

Comets— Uaseous bodies moving 
through the solar system. 

Conjunction — Two or more heavenly 
bodies apparently near one another. 

Constellation — ^An artificial grouping 
of stars by map-makers. 

Co-ordinate — Elements which deter- 
mine the position of a body. 

Cor Caroll — Brightest star in Canes 
Venatici. 

Corona — The sun’s atmosphere. 

Culmination — The meridian passage 
of a body. 

Cusps — The extremities of a crescent, 
as the moon. 

Cygnus — A northern constellation. 

DKQRRK (**) — A celestial measure, the 
860th part of a circle. 

Demos — One of the satellites of Mars. 

Deneb — The brightest star in Cygnus. 

Digit — The twelfth part of the sun or 
moon’s diameter. 

Draco — ^A northern constellation. 

RARTHSHINR— Faint glow on un- 
illumined part of crescent moon. 

Eccentricity — The distance of a focus 
from the centre of an ellipse. 

Eclipse— Obscuration of one heavenly 
body by another, or by its shadow. 

Eolipiie-^un’s apparent annual path. 

Egress — T^e pasiung of one body 
off toe disc of anotoer. 

Ellipse — Shape of a planetary orbit. 

Elongation'r— The aniinilar distanoe of 
Mercury or Venus from the sun. 

Emersion— The reappearance of a 
bd^ after eclipse or occultatlon. 

Bnoi&ladus — One of Saturn’s satellites. 

Bpoeh— Time to which calculations 
regarding heavenly bodies are re- 
fenred. 


Equation of Time — The difference 
between true and mean solar time. 
Equator — Imaginary line running 
round toe celestial sphere midway 
between the Poles. 

Equinoxes — ^Those portions of the year 
when day and night are equal. 

Eros — A minor j^anet between the 
earth and Mars. 

FAOULAI — ^Bright markings on the 
solar disc . 

Finder — Small telescope attached to 
larger to facilitate object finding. * 
Fomalhaut — The brightest star in the 
constellation Piscis Australis. 
Fraunhofer Lines — Dark lines in the 
spectrum discovered by Fraunhofer. 
QALAXV—The Milky Way. 
Gegenschein — A luminous appearance 
resembling the zodiacal light. 
Gibbous — A phase nearly approaching 
" full.” 

Gravity — ^Mutual attraction of bodies. 
Gyroscope — An instrument -for demon- 
strating the earth’s rotation. 
HRLIAOAL — Rising same time as the 
sun. 

Heliometer — An instrument for 

measuring small angular distances. 
Heliostat — ^Instrument for counteract- 
ing apparent motion of the sun. 
Hercules — A northern constellation. 
Hour Angle — ^Distance of heavenly 
body from meridian in hours, etc. 
Hyperbola — Form of cometary orbit. 

lARRTUS — One of Saturn’s satellites. 
Immersion— Disappearance of an ob- 
ject during eclipse or occultatlon. 
Inclination — ^The angle made by an 
orbit to the ecliptic. 

Inferior Conjunction — When an 
inferior planet approaches nearest 
to the sun on earth s side. 

i nferior Planets — Mercury and Venus, 
ngress— The beginning of transit of 
one heavenly body across another. 

JUNO — A minor planet. 

Jupiter — The largest planet of the 
solar system. 

KRPLRR*S LAWS— The laws of 

planetary motions, enunciated by 
Kepler. 

LATITUDE — The angular distance of 
a body from the ecliptic. 

Leonids — Annual shower of shooting 
stars occurring about November 14. 
Libration — An apparent oscillation 
of the moon. 

LI mb- Apparent edge of a heavenly body 
Longitude — Angular distance of a 
body from the first point of Aries. 
Lyra — A northern constellation. 
MAGELLANIC CLOUDS — Two 
nebulous objebts in south hemisphere. 
Markab — ^Brightest star in Pegasus. 
Mars — Planet between the earth and 
Jupiter. 

Mercury — The innermost planet of 
the solar system. 

Meridian — A line drawn through the 
heavens from north to south. 

Meteor — A shooting star. 

Micrometer — An instrument for mak- 
ing celestial measurements. 

Milky Way— A belt of minute stars 
spanning the heavens. 

Mira — ^A variable star in Cetus. 
Mizar— A star in Ursa Major. 

Motion Direct — ^Advancing in the 
order of the zodiacal signs. 

Motion Retrograde — ^Advancing con- 
trary to order of zodiacal signs. 

NADIR — The point opposite the zenith. 
Nebula — A gaseous mass in the heavens. 
Neptune — The outermost planet of 
toe solar system. 

Nodes — Points where an orbit crosses 
the ecliptic. 

Nutation— An oscillation of toe 
earth's axis. 

OCOULTATION— The hiding of a star 
or planet by the moon. 


Opposition — When a planet crosses 
toe meridian at midnight. 

Orion — A well-known constellation. 

PALLAS — ^A minor planet. 

Parabola — ^Form of oometary orbit. 

Parallax — An apparent shift in the 
place of an object. 

Penumbra — The dull edge of a shadow. 

Pegasus — A northern constellation. 

Perigee — Nearest toe earth. 

Perinellon-^Nearest the sun. 

Perseus — A northern constellation. 

Perturbation — The influence of one 
body on the path of another. 

Phobos — A satellite Of Mars. 

Photosphere — The sun’s visible sur- 
face. 

Planetoid— A minor planet revolving 
between Mars and Jupji^r. 

Pleiades^tar group in Taurus. 

PoHuxr-Brmht star in Gemini. 

Prmsepe — ^r group in Cancer. 

Precession— A slight retrograde 
motion of the equinoxes. 

Procyon — Bright star in Canis Minor. 

Prominences — Outbursts of incan- 
descent vapour seen at the solar limb. 

REGULU8— Brightest star in Leo. 

ReD*actor — A telescope with an 
object-glass. 

Reflector — A telescope with a mirror 
in lieu of object-glass. 

Rigel — Bright star in Orion. 

Rin — ^A cleft on the moon’s surface. 

Rotation — Period an object takes to 
turn on its axis. 

SATELLITE — Attendant body ; a 
moon. 

Saturn — A planet between Jupiter 
and Uranus. 

Selenography — The study of the 
moon B surface. 

Sickle — The front portion of Leo. 

Sirius — The brightest star in the sky, 
in Canis Major. 

Solstices — Points where the sun is 
northernmost or southernmost. 

Southern Cross — A brilliant star 
group near the South Pole. 

Southing — Crossing the meridian. 

Spectroscope — ^Instrument for analys- 
ing light. 

Spectrum — Analysed light. 

Splca — Brightest star in Virgo. 

Sun — The centre of the solar system. 

Superior CoiUunction — When a body 
approaches nearest to tlie sun on 
opposite side from the earth. 

Superior Planet — A planet remoter 
from the sun than the earth. 

Synodic — The time which a planet 
takes to return to the same position 
with respect to the sun and earth. 

TELESOOPE— An instrument for bring- 
ing distant objects apparently nearer. 

Terminator — The line separating day 
and night on the moon or a planet. 

Titan — Saturn’s largest moon. 

Transit— Passage of a body across 
the meridian or a larger body. 

UMBRA— Earth’s shadow in a lunar 
eclipse ; centre of a sun-spot. 

Uranus— A planet of the solar system 
between Saturn and Neptune. 

Ursa Major — A uortheni constellatlou. 

VARIABLE STARS— Stars whose 

light varies in intensity. 

Vega — Bright star in Lyra. 

Venus — Planet between Mercury and 
the earth. 

Vesta — One of the minor planets. 

ZENITH — The point exactly overhead. 

Zodiac — That portion of the sky 
through which the sun and other 
bodies of toe solar system move. 
The Signs of the Zodii^ (not iden- 
tical ^th the constellationr of the 
same name) are:— Aries, Taurus, 
Gemini, Cancer. Leo, Virgo, Libra, 
Scorpio, Sagittarius, Capricomus, 
Aquarius, Pisces. 
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The Making: of a Violin and other Strins;ed Instruments. The Piano- 
forte : Case, Soundboard and Strings. How an Or^n is Built 


By J. P. LORD 

STRINGED INSTRUMENTS 


The making of stringed instruments can best be 
learnt by studying the process of manufacture of 
the violin; firstly, because the violin is the only 
instrument which is generally the work of one man 
only (we speak of real violins, and not of the 
disgraceful articles which are turned out in factories 
by the hundred) ; and secondly, because the four 
most important stringed instruments — the violin, 
viola, violoncello, and double-bass — are all made 
in the same manner. The making of guitars and 
mandolines will be a simple matter to one who 
has mastered the method of building a violin, so 
with few alterations the one description will servo 
to give an insight into this branch of the trade. 
Moreover, we might point out that violin-making 
on a high-class scale is very frequently undertaken 
by amateurs, many of whom rank with the best of 
our English makers. 

Selection of the Wood. If the selection 
of wood for the fashioning of a wind instrument 
is important, for the making of a violin it is doubly 
so. ■ The wood of the violin makes or mars the tone. 
Fashion your instrument how you may, let it be 
the most scrupulously exact copy of a Strad, and 
if the wood is bad you will never get a good tone. 
Now, the essential in wood for violin making is 
that it should of itself possess a musical tone. If 
you hold up a piece ot wood and rap it smartly 
with the fingers, it gives out a note, of a kind. If 
it is to be used for violin -making — and these remarks 
apply also to all other instruments of this class — 
the note must be a distinctly musical one, clear and 
ringing, although not necessarily powerful. Any- 
thing like a “ woolly ” sound indicates faulty wood. 

The woods generally used are pine, sycamore, 
maple, and pear, the first being almost universally 
employed for the top plate or belly of the instru- 
ment, and one of the other three for the back. 

The wood should be old, well seasoned, and 
free from all artificial seasoning agents. The 
beginner had better purchase from a dealer of 
repute, lest he waste his time making a worthless 
instrument. 

As a further test of the musical quality of the 
wood, one comer of the slab may be gripped in a 
vice and the edge played on with a well resined 
bow, when a distinctly musical tone should be 
forthcoming. 

How to Test Wood. The soundness and 
freedom from resin of a sonorous wood may be 
shown by the manner in which it bums. If it flames 
up rapidly, spurting out jets of fire, it is not properly 
seasoned, and contains resin ; but if it burns clearly 
and smoothly and evenly, leaving a consistent ash, 
then it is soimd and well dried. 

For the back a handsome figured wood adds to 
the aiq>earance of the violin, but not necessarily 
to its tone, and tone should never be sacrificed to 
beauty. As a word of warning to the beginner, 
we may odd that wood with curly markSigs is 
difficult to work, and should only be used by 
experienced hands. 
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Violin wood comes into the market in two forms, 
known as “ out on the quarter and cut on the 
slab.” Wood out on the quarter is divided in 
wedges from the centre of the log to the bark; 
wood cut on the slab is sawn parallel with the 
diaineter of the trunk. 

The Axe of the Wood. Much is said 
about wood oeing 260 years old, but in the opinion 
of competent makers great age is not necessary ; 
if the wood is only w'ell seasoned and matur^, 
it will make as good a violin as wood which has lain 
in store for a century. Wood, however, should be 
cut from a well grown tree in its prime, before old 
age has begun to cause the cells to decay, and 
should be stored for at least seven years ^fore 
being used for violin -making. 

Wood for the belly of a violin should always be cut 
■on the quarter, but for the back it does not matter 
whether it be on the quarter or on the slab. The l^lly 
is almost invariably made in two pieces, the portions 
joined being those nearest the bark of the two 
slabs cut on the quarter, because the wood there is 
stronger than that in the centre of the tree, and 
the centre line of the belly has to bear the greatest 
strain from the bridge. The back is made indis- 
criminately from one or two pieces. 

Having carefully selected your wood, if it is 
in one piece and cut on the slab or quarter, 
you can at once cramp it to the bench, ready for 
outlining. If it be in two pieces cut on the quarter, 
you must first of all shoot the thick edges perfectly 
true and place them together, so that when the wo<^ 
is lying with its flat surface on a true level there 
may be no gap at all between the thick edges, 
but the two pieces will lie together and form a 
ridge like the roof of a low-pitched house. When 
in this position and held up to the light, no ray 
should be seen between them. With some of the 
very purest and finest white glue these two edges 
are now joined firmly together and cramped in 
position till they are well set. Both pieces, now 
joined, are henceforth treated as one slab of wood, 
whether for making back or belly. 

Having cramped your wooi to your bench, 
you next plane the ridge, if of joined wood, suffi- 
ciently to enable you to rest the wood on when you 
turn it over, as you now do to plane the flat side 
nerfectly level. In doing all "planing, you will 
nave to watch the wood very carefully, so as not 
to tear pieces out of it. 

Drawing the Outline. When this sur- 
face is quite level, you proceed to draw your outline 
upon it, using a templet of veneer or stiff card, 
made exactly to represent one half of the outline 
of the violin you propose to make. This templet 
you must make yourself from any good pattern of 
violin, or you can construct one by means of 
compasses and ruler by following the method 
here given, which was originally devised by 
Wettengel, a German writer on violin oonstruotion, 
which nas since bfcen frequently followed by 
first-class makers. 
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On a larm piece of paper, or thin wood, draw a 
perpendicular line down the centre of the exact 
leu^h of the body, which is generally in the neigh- 
bourhood of 14| in. to 14^ in. Divide thid into 
72 equal parts [see Drawing, page 472]. Inter- 
sect this perpendicular line by twenty horizontal 
lines, exactly at right-angles to the centre line, 
at the points mark^ as follows, naming the lines 
as below [see also page 4623]. 

Line A at point 8 Line L at point 33 
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Take your compasses and open them to an extent 
equal to 9 parts of the perpendicular, and from 
point h describe an arc aa on each side of the 
centre lino, h being the top end of the peri^endicular. 
With point 24 as centre, and radius tar to 6 draw 
curve aba, meeting aa at those two points [1]. Mark 
off points 2 parte distant from perpendicular, and 
on each side of it, on line C ; call these cc. With 
centre cx and distance ea draw curves ad on each 
side, meeting line A at d and d. On B mark two 
Joints, e, e, one part distant on each side of centre 
lino. With those as centres, and ed os distance, 
draw curves d/, meeting line D at /. This practi- 
cally finishes the upper portion of the violin body. 

For the middle, or narrow portion, start by setting 
off on L two points gg III parts distant on each side 
of perpendicular, and then eleven points further 
distant from g mark two more XK>ints hh^ and with 
h as centre and hg distance draw curve pi, meeting 
L and P at p and i respectively. 

On line 1C set off 23} parts from perpendicular, 
on each side, to kk, and with k as centre and 
distance from there to point where curve pi cuts 
lino M as distance, describe curve from that point 
to 1, meeting line H at 1. This gives the main 
curves of middle of body. Where there are tiny 
angularities between curves, they must be worked 
down by hand to a flowing sweep. 

The lower part of the curves of the lower portion 
are obtained in this way : Take lower point of 
centre line, and call it rr. Open compasses qq 
parts, and with rr as centre describe arc w on each 
side of middle line. With 35 as centre, and 35 
to rr as distance, describe curve r, rr, v, cutting 
first arc at v and v. On line S mark two points zx 
6 parts distant from centre line. With x as centre, 
and XV as distance, draw curves vy, meeting line V 
at y. 

^t off two points at T, 4 parts distant from rrb. 
Call them zz, and with z as centre, and zy as radius, 
draw curve y, aa, meeting R at aa. This completes 
the main curves of the lower body. 

The Corners. For the upper comers, set off 
24} parts on line G from perpendicular to oo on 
each side, and with o as centre, and of as distance, 
draw curve fp, meeting £ at p. On line I set off 
two points mm on each side of rr, &, and distant 
from it 14} parts. With m as centre and distance 
to I, draw curve la, above H. On line £ set off 22 
parts, giving q, and with q as centre and distance 
qp draw curve pa, determining point a. With 20 
as centre, and 16} parts as radius, describe a short 
arc cutting pa, la at a, giving two angles of comer. 
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For the lower comers, set off 24 parts on line O, 
from perpendicular to bb, and placing compasses on 
this point, open them to cc and draw curve cedd. 
On line N set off 18} parts, from perpendicular to t, 
and with i as centre and ti as distance, draw curve 
iu, determining point dd of comer, as in the upper 
comers. With compasses on point 49, and distance 
equal to 19} parts, draw arc meeting ivdd, and aadd 
at dd, giving angles of comer. The entire pattern 
is thus completed. 

The comer, as indicated, will have to be rounded 
off, and the points at the angles of the comers 
neatly joined. To obtain the proper rise for the 
height of the back and belly, take a piece of hard 
wo^ and mark a point half way along it, and 
one quarter from its further edge. The wood must 
be slightly longer than the centre line of the body. 
With a piece of string, or very large compasses, 
with a radius equal to 216 parts of former scale, 
describe an arc meeting line perpendicular to edge 
of wood through A at A. This will give the curve 
of the rise, and if sawn out neatly will give a useful 
trying plate. 

Of course, this pattern is not to be taken as a 
sample of the best man can devise — each maker 
constructs, to a great extent, his own pattern — 
but it will serve as a general guide for the beginner 
to work upon. 

Having laid your templet, or pattern, flat on the 
planed side of the wood, mark carefully all round it 
with a pencil, and afterwards touch up your plan 
by hana. If your templet is a half one, having 
drawn one side, you must reverse the pattern and 
complete the other. 

Cutting out the Pattern. That done, take 
a bow saw, or coarse fret saw, and cut out the 
marked pattern, keeping well outside the marking, 
lest a slip should ruin your work. Having done 
this, a very flat knife, especially made for violin- 
makers, is token, and the wood pared down exactly 
to the outline. 

Having got your outline right, with a gouge 
reduce the edges on the outer, or convex, side of 
the plank to about in. in thickness. That done, 
the wood must be further reduced by filing and 
rasping, or by gouging and planing, tiU it is about 
the right thickness at centre and edges, when 
measured with your pattern cut out of wood, 
keeping your work as smooth and even as possible. 

Remember the shape of the outline of a violin 
and its general figure is its pattern ; its model 
is the curvature of its back and belly. The body 
is divided roughly into three — the upper third to 
the upper corners is called the Upper Bout, from 
there to the lower comers is the Middle Bout, and 
thence to the tailpiece is the Lower Bout. 

The reduction being right, and even all round, 
at this stage some makers advocate inserting the 
purfling, those strips of black-and-white wood 
which form the ornamental border rotmd violins. 
This plan has much to recommend it, because if a 
slip he made it is not so injurious at this point 
as it would be later ; while if the entire back be 
ruined, surely it is better to spoil an unfinished 
back than one on which you have spent days of 
labour. 

A purfling tool is an arrangement for marking 
two or more fine lines at a regular distance 
from the edge of an object. This instrument 
is run round the edge, and when the lines are 
clearly scratched in, they must be deepened with 
a kniie, and then the wood between removed with 
a fine, sharp gouge. The purfling instrument will 
mark a space of about an inch, where the button 
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•f the violin comes — at the top of the upper 
lout, and this piece must be traced by hand. 

When the groove has been cut out, the purfling, 
which consists of fine strips of black-and-white 
veneer, must be cut to approximate l^gt]^, and 
then l^nt by passing it over a purfling iron — a 
hollow tube, heated oy means of an iron which 
goes inside it. 

The purfling must be gently handled, and passed 
over and round the iron till it assumes the proper 
curve, more by coaxing than by force. It is then 
ready for insertion. With a flat stick, or with the 
blade of an old knife, very hot glue is laid along 
in the grooves, and then the purning gently forced 
into its place, some ingenuity being used to make 
the pieces join neatly, especially at the corners, 
where they should meet at an acute angle. The 
purfling being in its place, a little very hot glue is 
run in all round it to make all secure, and then the 
back is put away to dry. 

While the back is arying the belly, or body of 
the instrument, can be got on with, its outline 
being traced and cut out exactly like ^he back. If 
you wish, you can also 
reduce it on the upper 
face at this stage, and 
purfle it, thus avoiding the 
use of much hot glue when 
you are nearly ready to 
polish it later on. 

Cutting the Groove- 
When the purfling is dry, 
if it has been done, or 
when the outline is clear, 
if the purfling is postponed, 
the next thing to do is to 
cut a groove to the depth 
of an inch, and about j in. 
broad, all round the back 
or belly, the edge of it 
being about in. from 
the inside edge of the 
purfling. This is best cut 
purely on the curve, 
avoiding the comers at 
first, and afterwards finish- 
ing them up with a gou^. 

Down to this groove the 
model is worked, using 
cither plane or sandpaper 
folded over a cork rubber. 

Opinions differ as to the advisability of employing 
sandpaper, its opponents saying that it damages 
the nbre of the wood and injures the tone, while 
advocates of its use declare that planing is worse. 
The beginner will find sandpaper easier to work 
with, because it does its work more gradually, and 
there is less risk of catching on a fibre and ripping 
up a valuable piece of wood. 

Finishing the Back. Working, then, with 
sandpaper or plane, the curvature of the back 
must be brought to fit exactly the model made, 
and the whole back must be finished of! smooth. 
Between courses of papering or planing it will be 
found necessary to diunp the wocm, for that makes 
the soft parts swell up above the level, and proves 
that what appeared a perfectly level surface would 
have become rough on varnishing. The raised 
portions can easily be removed with paper or tool, 
and a ijerfectly smooth surface which will last thus 
produced. 

The outsides of the bock and belly being finished, 
and the model made correctly to pattern, the inside 
of the two tables, as they are calleu, are hollowed out. 
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Hollowing Oyt the Frame. The table 
Is laid on a holloaed bed, protected by paper 
so as not to injure the smoothed surface 6f 
the outside, and on the inside is drawn the curved 
outline, which is like a guitar, the comers being 
only indicated by broad curves. This is drawn 
at a distance from the edge sufiicient to leave a 
good flat rim for tlie ribs, or sides, to be eventually 
glued to. 

A shallow cut is made along this line, and from 
that as a starting point the hollowing is worked. 
To graduate the hollowing nicely three grooves 
are cut across the inner side of the table of such a 
depth that the middle groove callipers a good 
in. in thickness of wo^, the upper and lower 
callipering J in. These fall away very little towards 
the edges at the outset. These grooves are best 
cut at the three nodal points, which correspond 
roughly to points 16, 37, and 55 on our centre line. 
From these the back can be hollowed all over 
gradually, the callipers being frequently employed 
to gauge the thickness all over, the taper being made 
very even and regular. Then with sandpaper, 
or spokeshaves, the reduc- 
tion must be gradually 
carried on till the table 
varies from in. at the 
centre to between i’g in. 
and hi. at the edges. 
These measurements have 
been found to give an 
excellent tone for the back. 
The belly requires to be 
made only J in. in thick- 
ness at the centre node, or 
breast, and to be reduced 
from that to a iV in* 
reduction varies a little 
according to the resonance 
of the wood, very “ active” 
pine requiring loss to be 
taken of! than would a 
rather sluggish timber. 

The Sound Holes. 

When the belly has been 
properly thinned down the 
time htxs arrived for cut- 
ting the four sound holes. 
These are of various 
patterns, some distinctive 
of certain schools of 
makers. Select a good pattern, suitable for your 
violin, and trace it on the wood, or stenpil it if 
you prefer to do so. Then, with a fine fret saw, 
cut it out, keeping well inside the line, finishing 
afterwards with a sharp knife. The F should lie 
on the belly from point 32J to jioint 46J, and the 
centre of the upper round holes should be opposite 
point 34, and that of the lower opposite point 44^. 
The outer notches fall opposite point 39 J. 

The Bass Bar. The bass bar is a stoip of wood 
glued to the inside of the belly under the G string 
of the violin. In length it should be 36 parts long, 
one part and one fifth in breadth, and 2 parts thick 
in the centre, sloping down to two-thirds of a part at 
the ends. Perhaps the best position for it is parallel 
to the centre line. It is one-third of a part from 
the upper round of the left F hole, and has its 
centre opposite 40. 

The centre line of the belly may require strength- 
ening, and if this is so small squares of veneer 
may TO glued along it, the pain of the veneer running 
across the grain of the belly diagonally. 
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The Riba. Tbe riba or aides are formed of 
atripa of wood oorefuUy bent by beat, in much 
the same manner as the purfling was done, till 
tney assume the exact shape of the various sections 
of the outline. The pieces are six in number, 
corresTOnding to the right and left sides of the 
three bouts. In thickness they should be about 
^ in. and in depth they vary according to the pro- 
X)ortione of the outline. The main point to be borne 
in mind is that the “ box ** of the body should 
contain a mass of air which when set in vibration 
will give a fixed note, and violin makers generally 
select C with 512 vibrations per second as. their 
standard. A fairly general depth is IJ in. at the 
broad end and 1} in. at the narrow end of the violin, 
which corresponds to a body 14| in. long constructed 
on the plan given. 

At the same time ns the ribs are prepared the 
linings, which are thin tapering slips of pine wood, 
must cut. There are two linings to each piece of 
the ribs, glued on the inside of the curve. The corner 
blocks should also be made ready. These are of 
such a shape as entirely to fill up the comers, 
reducing the inside contour of the violin to the 
guitar ^ape. 

The ribs and linings having been carefully bent 
•to tbe proper curves, the ribs are cramped in a 
boechwood mould exactly resembling the outline 
of half the violin, and when there the comer blocks 
are glued in, and the linings fastened on, the whole 
being cramj^ up to make all firm. When set the 
edges must be pared absolutely level and all is 
ready for attaohment to the back, on which the 
end and the bottom blocks have been glued. The 
riba are kept in place by a series of cramps, and 
extend up to the edge of the button, whore the 
neck OToove will be cut for the fixing of that jwr- 
tion of the instrument. 

When properly dry and set, the groove is gouged 
out, and the belly glued on. Many makers drive 
two small pegs through the ends of the belly into 
the end blocl^, just as they are about to cramp up 
the body. 

The Neck. The neck of the instmment should 
be 26 parts in length, measuring from the body of the 
instrument to the nut, which is the little raised 
bar of ebony over which the strings pass on their 
way for the pe^. The neck and head is cut out of a 
block of wood, and really is a matter of wood- 
carving. Examination of the neck of a violin will 
show the shape to be aimed at better than pages 
of description. The fingerboard must be firmly 
attached to the neck by glue, and the neck must 
be set on the body in such a manner that the end 
of the fingerboam near the bridge is in. 
above the wood of the belly. Careful joinery is all 
that is needed to effect this. The peg for the 
attaohment of the tailpiece is glued into a hole 
bored in the bottom olock, and the tailpiece 
attached by means of loops of gut. 

The Soundpost* The soundpost is the bug- 
bear of beginners. It has to be cut so accurately 
that every portion of its upper and lower surfaces 
is in close contact with the wood of the belly and 
back respectivdy. It also must be of such a length 
that it just fits perpendicularly between the two 
when placed with its edge nearest the neck, just in a 
line with the back of the foot of the bridge under the 
E string. It must fit tight enough not to slip when 
fhe Btrmgs are slack, and yet not so tight as to 
strain or exert any appreciable pressure on the 
belly or back. Only patient chipping and scraping 
will ensure this result being attained. The post is 


inserted through the F hole nearest to it, and it is 
adjusted in position by means of a special iron 
instrument, Imown as a setter. The diameter of 
the soundpost and the breadth of each foot of the 
bridge must coincide with the breadth of the bass 
bar. 

The Bridge* The bridge, which is made of 
maple or be^h, must be set up so that exactly 
half of its thickness is on each aide of a line dra.wn 
between the inner notches on the F holes, and 
passing through 40. The thickness of the upper 
edge of the bridge must be f of a part, and of the 
soles of its feet of a part. Its extreme height 
depends on the length of the instrument, and is 
reckoned at of the body length of violins and 
violas, and of length of ^cellos and basses. 

The soundpost being fitted, it is removed till the 
instrument is completed. If the purfiing has not 
been done it is now added, and a piece of ebony 
let in where the tailpiece will rest. 

Varnishing. A final polish is given to the 
violin, and then comes the varnishing. After the final 
polish has been given to the plain wood it is just 
run over with a damp sponge and allowed to dry. 
This throws up a microscopic roughness which holds 
the varnish well. The selected varnish, at first well 
diluted, is then applied in successive coats. Each 
coat must be permitted to dry thoroughly without 
artificial aid before its successor is appli^. Each 
maker has his own recipe for varnish, and it is 
impossible to recommend one more than another, 
always provided that oil varnishes are better than 
spirit if properly applied, and have a more lasting 
effect. 

The final varnishing and rubbing with the palm 
of the hand being completed, the pe^ can be put 
in, the soundpost readjusted, the tailpiece looj)e.d 
on, and the strings attached. The senseless wood 
has become an instrument — whether musical or not 
depends upon the care which has been expended 
upon it. 

The above instractions apply to the making of 
all instruments of the violin class, provided that the 
ribs of ’cellos and basses are made double as deep in 
proportion as those of violins and violas. This is 
done to obtain the proper volume of air inside the 
box, because the length of the body, if the ribs 
were of the former proportions, would be too long 
to be wieldy, so defective area in the base of the box 
has to be compensated for by increased height. For 
comparison we give these proportions for ribs : 

Violin and viola, 6^ parts at tail, tapering to 
6 parts at neck. 

^Cello and bass, 12 parts at tail, tapering to 
11| parts at neck. 

Miscellaneoua Stringed Inatrumente. 

The making of guitars and mandolines is rarely 
imdertaken in this country. Should, however, our 
readers wish to make either, the foregoing directions 
for violin-making will be of assistance. The wood 
of the belly of guitar or mandoline should be the 
best violin pine, old, and free from flaws, and should 
of itself be musical. It will not have to be hollowed 
out. A bass-bar may be placed under the lowest 
string, but a soundpost is not generally employed, 
though its use is commendable. The back of a 
guite^ may be slightly hollowed, and with a model 
resembling rather a flat violin. Tbe back of a 
mandoline is usually built up on a wooden frame, 
of strips of wood ^lued toother. Harp-making is a 
** close trade,” being in the hands of a few famflies 
who have made a speciality of this beautiful, but 
unfortunately almost forgotten, instrument. 
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Repairs* It is generally said that he who 
made can mend, but in the case of high-class 
stringed instruments this is not so. Strange as 
it may appear, the oalling of a repairer of 
stringed instruments ranks higher than that of 
manufacturer of the same. The reason is not far to 
seek. The maker knows the exact poportions of 
the pattern he is engaged upon, has all the calcula- 
tions before him, and, given good technical ability, 
produces a very even series of instruments. The 
repairer, on the other hand, has instoments of 
every conceivable pattern and model passing 
through his hands. He knows nothing about the 
defective instrument when it is sent to him, but he 
has to discover its normal and theoretical qualities 
for himself before endeavouring to restore the lost 
tone. He has to be scientist, artist, and craftsman 
in one. 

Naturally the commonest form of repair to be 
executed is the mending of a crack. This is generally 
to be effected by careful gluing with clean glue, the 
liquid being worked into the crack by a very gentle 
bending backwards and forwards of the part which 
is cracked. Usually it is necessary to open the 
instrument to do tins. The belly is easily removed 
with a flat>bladed knife, if great care is exercised 
and no undue forcing attempted. Worm-eaten 
pieces and badly smashed portions have often to be 
excised entirely, and a fresh bit of wood, matching 
the original as nearly as possible, insert^. Glued 
portions are separated by overlaying them for 
a time with wads of linen soaked in lukewarm 
water. Warped backs or bellies are brought into 
line again by damping, steaming, and drying in 
speciafly-cut cramps. The actual work is that of 
the most expert cabinet-maker and inlayer; the 
knowledge of what is to be done is only acquired 
by great experience, and a natural gift for the 
occupation must be present. 

THE PIANOFORTE 

One thing is bound to strike everyone who first 
makes an acquaintance with the manufacture of 
pianos — namely, the extraordinarily small amount 
of skilled labour requisite for their production. 
True, when once the piano has been put together, 
the greatest skill and the utmost refinement are 
necessary for the proper regulation and tuning of 
the finished instrument; but, prior to that stage 
being reached, only at one or two points in its pro- 
gress does the piano in the making call for the 
exercise of great skill and experience. We speak of 
the daily work in the factory ; the designing and 
calculating of Improvements is quite another matter, 
and calls forth the powers of the engineer, musician, 
and draughtsman. 

For purposes of convenience, let us divide the 
piapo itself into three distinct parts. First there 
is the case, then we have the soundboard, with its 
frame and strings attached to it, and lastly we have 
the action, or mechanism, which transmits the blow 
from the finger to the string. 

Mailing the Case. Case-making is a branch 
of hi^-olasa cabinet-making pure and simple. 
Certainly, the maker has to understand the condi- 
tions to which the cases are to be exposed, but for 
all that it is really a branch of carpentry. As suoJ^ 
we need not diBCus.s it here, save to say it is 
essential that the wood be seasoned to peiiection, 
and that the curved sides of grand pianos are 
formed of a great number of strips of tbin wood, 
bent and glued together, huge mofilds and cramps 
being employed in the process. A close study of 
the articles on Carpentry and Cabinet-makinq 
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[page 6679] will put the student on the right road 
to learning his calling. 

The case being m^e, it has to be polished, and 
again, the section on French Poushing [page 6501] 
will give all needful instruction. We have, there- 
fore, two main processes to study here, the first 
dealing with the material from which the sound is 
produced, and the other with the means by which 
that sound is evolved. 

The Sound Mechanism. We will now 
take the portion of a piano devoted to the making 
of the sound. First there is the back, which must 
be strong, to support all the material which lies on 
it, or which is attached to it. At the same time it 
must be of such a form as not to spoil the resonance 
in any way, for on it lies the soundboard, which 
forms the second division of this part of the piano. 
On the soundboard in modem pianos we find the 
iron frame, which takes up the strain of the strings, 
over which we have the strings, attached to pegs, 
passing over certain bridges and between small pins. 
There we have the entire sound-making portion of 
our instrument. 

I'hc back, or underside, in a grand piano is built 
of well-seasoned wood, sometimes of oest English 
oak, and occasionally, in cheaper instruments, of 
beech. It consists of a stout framework, carefully 
mortised toother, with bars across at different 
points. In English upright pianos these bars are 
usually vertical, and seven in number ; in German 
pianos the bars run diagonally, as they do in most 
grand pianos. The oblique bars are said to give a 
smoother singing tone to the instrument, but they 
are not conducive to great durability. The making 
of these bars is, it will be* admitt^, merely car- 
pentry. The calculation of their thicknesses, and 
the selection of their positions with a view to tne 
quality of sound desired, is the work of a practical 
and theoretical acoustician. To this back, or under- 
side, is attached the soundboard. 

The soundboard is constructed of lengths of the 
finest spruce fir, similar to that of which the bellies 
of violins are made. These lengths are clued 
together with the matest care, just as the belly of 
tbe violin is joinea, and the direction of the wood 
is so arranged that, where possible, the entire length 
of both the bridges over which the strings pass 
shall lie on a single plank. The selection of the wood 
for the soundboard is a matter of much judgment, 
for on its resonance depends the greater part of the 
tone of the piano. N^d we say that the wood, like 
that of the violin, must have a tone of its own ? 

A moments thought will show us that the strings 
must exert an enormous downward pressure on the 
bridges, and therefore we must fasten the belly-bars 
across the underside of the soundboard to resist 
this pressure. Tbe grain of these bars must nm in an 
opposite direction to that of the wood of the sound- 
board itself. Tbe bars are also necessary from an 
acoustic as well as a mechanical point of view. 
Anything like proper vibrations in the soundboard 
itself would be exceedingly undesirable, and these 
bars serve to prevent such being established other 
than by tbe vibration of the string. 

Modelling tho Soundboard* The 
soundboard, when the lengths of pine have been 
glued together, is tbe object of the most scrupulous 
care of, perhaps, the most highly-trained man in the 
entire piano factory. Remember how we had to 
give a “ model ” to the belly of the violin. The 
soundboard of a good piano has to be modelled just 
as carefully. It is of a more or less convex shape, 
the rise l^ing towards the strings, and it tapers 
gradually away in various directions, the thickness 
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being suited to the string which will lie over it. 
No €%ed rule can be laid down for this tapering, nor 
for ^e thickness of the soundboard at any one part, 
each maker having bis own private formula, 
preserved as a secret, which gives to his instruments 
their individuality. 

After the soyndboard adjuster has done his work, 
scraping, chiselling, and ]^laning here and there till 
the wow gives out the right ring when he taps it, 
and till his callipers tell him his thickness all over is 
right, it is covered with several lavers of varnish to 
prevent cracking and warping. The varnish used 
affects the ultimate tone, just like the varnish 
of the violin-maker, and differs with each firm of 
zzi H'koi'S 

The “Wrest Plank.'* Above the top of 

the soimdboard in cottage pianos, forming, as 
it were, a border to it, and at the lowest end of that 
of grands, separated from it by a small space, is a 
massive log of hard wood, generally made of layers 
of beech or oak, the grain of each successive layer 
running across those of the previous one to prevent 
splitting. This block is also very frequently further 
strengthened by a metal plate. 

When we mention that the function of this plank 
is to hold the pegs by moans of which the strings 
are tightened, the necessity for this care becomes 
evident. It is known as the ivrest 'plankt ^ud the 
pegs are called wrest pins. 

The Bridges. Across the face of the sound- 
board are two bridges made of hard wood. It is 
through these that the vibrations of the strings are 
transmitted to the soundboard. The distance 
between them varies with the length of the string. 
The one furthest from the wrest plank is called the 
belly bridge, and is made in two parts, that taking 
the coverw bass strings being separated from the 
bridge for the smaller strings. If the detached 
portion of the belly bridge is so placed that the bass 
strings have to lie over certain of the other strips, 
then the piano is spoken of as “ overstrung.** The 
second bridge, or wrest plank bridge, is placed close 
to the wrest plank, and in grand pianos the wires are 
pinned down to it, to prevent their being in any way 
shifted by the impact of the hammer, which in this 
class beats the string away from the soundboard, 
but in uprights drives it towards the belly. Those 
bridges are firmly glued and screwed on to the 
soundboard. 

The Iron Fratme. Above all this is placed 
the massive iron frame, which has to withstand the 
enormous strain of the string, a strain which, in 
liurge concert nands, approaches 30 tons. The iron 
frame is oast of the best hard metal, carefully finished 
by mechanics. It is attached to the wrest plank, 
soundboard, and back. At one end it bears the 
pins to which the fixed ends of the strings are 
attached. 

Across the iron frame are bars, the direction of 
which differs in almost every make of piano. These 
are simply mechanical contrivances for enabling the 
frame to withstand the pressure upon it. The iron 
frame is bolted into its place by massive bolts and 
screws. 

Stringing. When the piano has reached this 
stage it is taken to the stringer, who is often a youth 
destined later to become a tuner or relator. He 
begins to put on the strings, pliicing we looi> over 
the end pin and the free end through the hole in the 
wrest pin, which he then hammers into its hole and 
ti^tens up slightly. 

The strings oeing all in place, the body of the 
piano passes to the chipper up,** who is an elemen- 
tary tuner. This workman, or artist in embryo— 


for he is in the first sta^e of skilled work — starts to 
tighten up the strings mtb some sort of tune. To 
^et the sound, he chips the strings with a piece of 
ivory, twanging them like the (strings of a mandoline. 
He does not start at one end of the piano and work 
right through, but, ** setting ** a scale in the centre, 
tunes roughly from that, as if tuning a proper 
piano. This prevents the strain from being put 
on one end suddenly, leaving the other loose, a 
proceeding which would damage the piano. [For 
Piano Tcninq, see page 6442 j. 

Stretching the Strings. The instrument 
having been brought into some resemblance of 
tune, a piece of board, covered with leather, is 
taken and pressed with great force up and down 
the string to stretch thorn and, as far as possible, 
remove all spring in them. 

After this operation it will be found that the tune 
has vanished, and so the piano must be re- tuned, 
being brought almost up to pitch. It is then left for 
a few days, and then again tuned to pitch. Four 
or five such tuning will be necessary before the 
tune will stand, and only then is the piano ready to 
be tried with the action. This chipping up is 
generally done after the back, s:)undboard, and 
so forth, have been firmly screwed into the case 
which is to contain them. 

The Action. Very few piano-makers in this 
country make their own actions; unfortunately, 
most of them depend on the Continent for the 
supply of very second-rate mechanism. A few 
firms, however — not half a dozen, alas ! — prefer to 
manufacture their own, and the result is that their 
pianos contain sounder and better actions than any 
made abroad. 

The bulk of the action for the best English 
makes of pianos is cut out of the finest and hardest 
French hornbeam, a wood with very little grain, 
and one which works as cleanly as metal. It 
is little affected by moisture, and consequently 
actions made of this material rarely stick, provided 
they have been properly made. Foreign actions, 
produced in a violent nurry and badly finished, 
manage to stick, even when made of hornbeam. 
Beech is used for a few parts, and English oak is 
used for the action rails running right across the 
piano, against which various portions rest, or to 
which portions are screwed. 

Of actions there are many, but as examples we will 
take two typical actions for upright pianos — namely, 
the over-damper check action and the under-damper 
check action, with a tape. These are named 
according as the damper is over or under the 
hammer. Of actions for grands we shall not treat, 
because, until the beginner has mastered the fitting 
and relating of upright pianos, he will not be 
entrust with the more costly action of a grand. 
We will, however, indicate the principle upon which 
the grand action works. 

The actual making of the component parts of an 
action is accomplish^ by machinery, the work being 
so subdivided that unskilled labour can be em- 
ployed to an enormous extent. Thus, one operative 
will do nothing but pass wood into the sawmill ; 
another will be solely engaged in boring holes in one 
particular part of the action ; a third will give the 
correct bend to the various wires used, and so forth, 
each operation being performed on machines fixed 
to an exact gauge, so that error cannot possibly 
creep in. Only when cdl the individual parts are 
ready to be assembled does the skilled man step in. 

Where, then, does the superiority of the En glish 
action come in ? In attention to detail, and in the 
quality of the acceMories whidh are indispensable 
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to the proper making of actions. We will indicate 
one smm] particular. The holes through which the 
tiny wires which act as hinges for the moving parts 
of the action should be lined, or ** bushed with 
cloth. In Continental actions this is never done so 
efficiently as in English actions, with the result that, 
after a time, the mechanism rattles, and rebushing 
becomes necessary if the piano is to work properly. 

Ower-damper Actiona. The portions of an 
over-damper check action are best understood by 
reference to the accompanying diagram [2]. It will 
be seen that there are in reality two distinct motions* 
to be accomplished by two sets of levers operated 
initially hy the primary action of the end of the key 
lever. The first motion is the withdrawal of the 
damper A from the string B, by the combined actions 
of the damper lever C, which is hinged on to the 
damper flange D, and checked in its turn by the 
damper rail E, to which also the flange is screwed. 
All flanges and parts screwed to fixed 
rails are fasten^ by one screw, only, 

but, to prevent them from shifting, are r ^ 

provided with a groove across them, 

into which fits a raised bead on the rail. ^ c 

The damper lever is lifted by the dami>er 

lifter F, moved by the damper wire G, ^ 

which, passes through the base of the y 

end of the jack rocker H. The wire is 

free in its hole, and has its button 

screwed upon it, on which the jack 

rocker presses to lift it. When the ^ 

sustaining or loud pedal is pressed, rF\ 

by on arrangement not shown in the 

diagram, C is lifted, and so the dampers I i ^ 

are moved away from the string. The V 

end of G. being loose in H, enables the Cr ' 

jack rocker to move, when the key is 

struck, without affecting the damper at ^ 

all. At the knob shown on the lower IVOv 

part of the jack rocker, a rod is fixed, 

which is pushed up or down by the ^ 

direct action of the key. 

The jack rocker may then be con- 
sidered as the junction of the two 0 WE- 
systems of levers. It is hinged by ^ ^ 

means of the jack rocker flange I to the ^ 


to shape with moulding planes, a whole strip some 
6 ft long being dealt with at a time. This is then 
out up into sections by means of a revolving saw 
driven at very high speed. The sunk grooves, 
where the joints work, are then out to a rej^lar 
depth by another machine cutter, the depth being 
regulated by gauge. After this, the holes for the 
pins are bored, and then the holes are lined or 
bushed. 

Lining the Holee. The bushing is done in 
this way, A strip of superfine cloth, known as 
“ Mechanics’ Cloth,” and costing about 20s. a yard, 
is prepared of such a width that if forced into the 
hole its edges will just meet. These strips are 
cut by machines. The strip is rolled up spill- wise 
and the point drawn through a hole, and then 
through a second, and so on, till the strip of cloth is 
threaded through as many pieces of bored wood 
as will go upon it easily. Just as the cloth is drawn 
through the outside is slightly smeared 
with paste, to hold the bushing in the 
— pD hole. When the strip is full, the various 

— -j r sections of wood are separated from 

^ one another by cutting the cloth with a 

I A sharp chisel, and* when the edges are 

^ trimmed the holes are all neatly bushed. 
The bushing is then just opened for the 
^ pin by* means of a needle. The shanks 
are made"' by drawing strips of wood 
through a revolving scries of cutters, 
Q the strip emerging as a round stick, 
which is subsequently sawn up, into 
lengths. 

The base of the hammer butt, where 
the jack impinges, and the face of the 
^ back check are faced with very fine 

^ doe skin. This skin* is far better than 

sheep skin, which is commonly^ used 
abroad. It must be shaved do^ to 
one regulation ^thickness before' being 
/ cut into strips for the purpose of being 

f glued into place. It is often advisable 

. H to fasten a piece of thick felt or cloth 

behind comers covered with this leather, 
as the shock is thereby softened, the 
action improved, and the life of the 


hammer flange rail J. Almost above 2. OVER-OAMPEB ACTION leather greatly prolong^. The felt for 
the lower protuberance in the diagram [For explanation, see text} the hammer head is woven specially to 
is fixed the jack flange K, carrying a taper" and only requires bending and 

the jack L, the upper end of which presses on the gluing into position,' being pressed down with 
hammer butt M. The hammer butt is fixed to heatra curved irons. 


the hammer flange rail J by the hammer flange N, 
and on being pushed upwards by the jack, tilts the 
hammer O, carried by the shank P, against the 
string B. The little spring under the foot of the 
jack is to keep that part close against the 
hammer butt, and the jack is prevented from 
coming too far forward by the jack check rail Q, 
seen in section. The felt on this rail is adjustable 
by means of a screw. R, S, T, U, and V form the 
(heck system, and are named respectively the back 
check shank, the back check, the back catch — on 
which the back check hitches when the hammer is 
far enough forward, and which regulates the 
rebound after a stroke — the stirrup wire, and the 
tax)e. The tape keex>s the hammer from going too 
far forward, or from sticking close to the string after 
the key has been raised. W is the escapement rail, 
with screws and buttons for regulating, and X is 
the hammer rest, covered with padding against 
which the hammers lie. 

Each of these distinct parts is made separately, 
and only assembled at the last minute. The curvra 
and sha^xK] jiieces of hornbeam are first of all planed 


Fitting the Action into Position. 

When sufficient sections have been collected to 
make up an action a fitter builds them into position, 
by screwing the various flanges on to the rails 
attached to the action frame, which is made to fit 
the particular piano to be completed. Then he 
sees that each individual action works smoothly, 
and by means of the regulating screws gets all the 
levers to have about the right amount of play, 
leaving the final regulating to the expert later on. 

In another part of the shop the keys have been 
sawm out, and the ivory or celluloid attached. 
Ivory, of course, cannot be bent, but celluloid can 
be bent by heat, and thus made to cover the top 
and ends of the keys. The holes for the pins and 
pivots are bored by machinery and the portions 
of the keys which play on the rod of the jack 
rocker burnished with black lead, or covered with 
felt or leather, according to the method employed 
by the particular maker. Then the keys have 
holes bonxl in them and lead weights inserted, of 
sufficient size, to nearly balance tne entire key at 
the pivot when in contact with the action and the 
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hammers lying book. The damper lever of over- 
damper pianos is also generally weighted, to ensure 
the damper falling forward on to the string as 
required. These weights are oast so as exaotly to 
fit holes bored in the wood for their reception. The 
fitting must be done very neatly, lest a rattle should 
be set up. 

All these adjustments having been made, and the 
keys placed on the key bed, and brought to a 
proper level by means of washers, or punches as 
they are sometimes called, placed under the keys 
round the pins, Hie action can be placed in position 
in the piano, and the instrument handed, over to 
the reg^ator. At this stage the rail which is to 
lift the dampers is connected to the pedal levers 
which have been fitted inside the case, and the 
damping felt can bo attached to the action, if the 
soft po£il is to be operated in that manner. 

Under-damper Actiona. The under- 
damper action, wmch wc illustrate [8J, is very similar 
to the over damper, save for the actual damping 
arrangements. The lettering of the hammer and 
check mechanism will, therefore, remain the same 
as in the previous illustration. The damper alone 
will claim our attention, together with the means 
of operating it. 

In this action it will be noticed that the dam}ier 
is inside the hammer mechanism, and the damper 
lover, which is in one piece, and marked A, is 
operated by a portion of the jack rocker on the 
opposite side of its hinge to the hammer mechanism. 
Did the end of the jaeik rocker touch the end of the 
damper lever, then, when the key was depressed, 
the end of the rocker would fall away from the 
lever. This would not work the darner. The 
damper lever is attached to the hammer flange rail 
by the damper flange C, and the lever has a small 
spring bearing against it, just sufiioiently hard to 
press the damper firmly against the spring. The 
end of the lever, near the rocker, is covered with 
fine leather, and sticking upright in the end of the 
rocker, lying close to the end of the lever, is a small 
metal rod, flattened out into the shape of a spoon. 
This is marked Y. 

By means of a screw passing through the bottom 
of the lever the leather facing can be mode 
exactly to graze the smooth surmce of the spoon 
when the hammer is at rest. If, now, the jack 



4. SQUARE AND GRAND ACTION 
[For explanation, see text] 


rocker be lifted by the depressing of a key, the 
end of the rocker beneath the lever will fall, but in 
doing will thrust the spoon a little forward. 
The forward movement is not very great, but it is 
sufficient to enable the. spoon to press against the 
leather-faced end of the lever, and so to lift the 
damper off the string. On the key being released 
the spring returns Hie damper to the string. In 
this class of action the loud pedal mechanism may 
be of any kind which will press the entire set of 


dampers back from the strings a fraction, and may 
operate either above or below the damper flange. 

Actions for Use in the Tropics. There 
is a new pattern action, which has recently 
bepn invent^, for fitting to instruments intended 
for use in hot climates, which is excessively 
simple, while at the same time it is most efficient. 
In it the key acts directly on the jack rocker; 
the jack is very long indeed and carries two pro- 
jections on it at an interval of about 1^ in. distant. 

The lower one ope- 
rates an over-damx)er 
action of the pattern 
shown in our former 
diapam. The inner 
and upper one carries 
the back catch, which 
in this case has the 
felt facing outwards. 
The hammer butt 
carries the back 
check, which is on a 
wire bent over the 
back catch, and with 
the leather facing 
turned inwards. The 
top of the jack acts 
direct on the hammer 
butt. By this means 
it will be seen that 
the friction, and 
consequent sticking 
points, are brought 
to a minimum, and 
there is much less 
padding for insects 
to destroy. The touch of these frictionless pianos 
is very delicate and they are fast becoming popular. 
In place of a tape, a small loop is attached to the 
hammer butt, and this hooks into a curved spring 
fixed in the upper part of the jack, the spring 
serving the double purpose of pulling the hammer 
back, and keeping the jack close up against the 
butt. 



[For explanation, see text] 


Grand Piano Actions. The actions of 
grand pianos, as we have already said, are ex- 
ceedingly complicated, but the principle which 
underlies their construction can be gathered from 
our diagram [4], which represents Hie action of 
an old square piano. It will be noticed that the 
key itself carries the back check, and the back 
catch is a prolongation of the hammer head in a 
downward direction. The jack rocker rests directly 
on the key lever, and the escapement lever, witn 
its button and screw, also acts on the key, and, as 
well, on the set-off button attached to the escape- 
ment rail. The damper, which is above the string, 
may be raised by a wire fixed into the key lever at 
any point between the rocker and the back check. 
The parts are these : 

A is key lever ; B is back check ; C is back catch ; 
D is hammer head, and £ hammer shank; F is 
hammer butt ; G is hammer flange ; H is hammer 
rail ; I is jack, with spring and silk loop passing 
through jack or round it and attoched to nammer 
butt ; K is jack rocker ; L is escapement lever and 
regulating button ; and M is escapement rail with 
reg^ting button, or set-off button. 

Regulating a Plano. The flrst thing the 
regulator does on having a piano handed over to 
him for adjustment, be it old or new, is to see that all 
the keys are perfectly level. If they are not, he 
places paper or cloth punching, or wads on to the 
centre pin till all are exaotly level This will noi^ 
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as a rale, be necessary with a new piano, but it is 
mentioned beoause it freouently has to be done to 
old instruments. If the keys are too loose on the 
front holes the oval guide pins can be turned a 
little till they have free play, but are not able to 
shake. The depth of the touch is then tested. It 
should be about } in. deep in the middle registers 
and about in. deeper or shallower in the bass 
and treble respectively. The correct depth con be 
arrive at by placing cloth or punchings under the 
middle rail to make the touch deeper, and under 
the back or front rail to make it shallower. 

The Position of the Hammers. The 
regulator next sees that all the hammers are level 
and properly spaced, so that they strike the strings 
fairly. In a new piano, made with an English 
action, he will not find alteration necessary ; but 
when a foreign action is fitted, he may have to shift 
one or two hammers a little. The jacks must next 
be adjusted close under the notch in the hammer 
butts, and this is done by turning the regulating 
screws ; but the jack must not be raised t^ much 
or the note will fail to repeat in rapid passages. 
The proper position is immediatelv imder the notch, 
just touching it lightlv, so that the slightest touch 
on the key raises the nammer. 

Next, the “ set-off ” must be seen to. The set-off 
of a note is the distance to which the hammer is 
raised by pressing dow'n a key. In a properly 
regulatea piano the hammer should advance to 
within a quarter of an inch firom the string in the 
centre notes. In the bass it should be rather farther 
away, and in the extreme treble a little closer. Only 
experience can teach the exact ideal positions. 
The set-off is regulated by turning the regulating 
screw with a small hook till the hammer advances 
the proper distance. 

That done, the back check and catch must be 
arranged by bending the wires till the check just 
catches the hammer and holds it for a second when 
the hammer rebounds from the string; this is to 
enable the jack to recover itself and get into the 
notch beneath the butt again. At the same time the 
check and catches must be adjusted so as to prevent 
the hammer from falling back too far from the 
string. About twice* the distance of the set-off is 
correct, though some make the hammers fall back 
to J in. all over the register. This must be properly 
adjusted or else the piano will not repeat witn 
accuracy. 

The damper action must next be seen to, and in 
nn over -damper the wires should be adjusted by 
turning the buttons so that there is a play of 
about in. between the button and the ena of the 
jack rocker. In under-damper actions the dampers 
do not often require touching, being adjusted in the 
shop. If, however, the dampers do not lift readily, 
or if they lift too much, tne screw which passes 
through the lover end and presses the felt or 
leather out towards the spoon can be turned till 
the damper is correctly moved by the depression of 
a note. There should be a little space between the 
spoon and the lever tail when the aetion is at rest. 

Next, the action of the pedals must be seen to, 
and any friction overcome by the use of a little 
blacklead. When all works smoothly, it is time to 
set about tuning the piano, be it old or new, in 
real earnest. 

THE ORGAN 

Organ building is a branch of the trade by itself. 
It is sometimes held to be the highest Inranch, but 
only on the grounds that the organ is the largest of 
instruments, for though the wora in organ building 
must be accurate, the same exactitude in measure- 
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ments is not necessary as that essential in making, 
say, a violin or an oboe. The organ builder, how- 
ever, must add to his other quaufioations that of 
an en^eer and architect, for he has, as a rule, 
to buud his instram^t to fit some selected spot, 
and cannot make his instruments to any regulation 
shape or pattern. The trade is of such magnitude 
that we shall not attempt to do more than indicate 
the general principles followed, and we shall have 
to assume that the reader is a first-class carpenter 
to start with. Such he can become by studying 
the articles on that subject in this work [see 
Carpentry]. 

The organ builder, let us assume, has received a 
specification for an instrument to be constructed. 
The specification is a list of stops required, of 
mechanical accessories, and of methods of blowing, 
and so forth. The first thing to do is to plan out 
his organ, after taking measurements of the space 
which is at his disposal. Let us suppose that the 
space to contain the instrument is ample, so that he 
can build to suit himself to a large extent. 

Now, an organ consists of bellows, a windchest, a 
soundboard, action for letting the wind into any 
particular pipe when the key is depressed, and 
mechanism for bringing various sets of pipes into 
use, and, lastly, the pipes themselves which give 
the notes. 

The Question of Size. The size of the 
organ depends on the number of pipes to be used — 
that is, on the stops with which it is to be provided, 
and, if proper space is permitted, to avoid any make- 
shift arrangements, the general size of the organ will 
be regulated by the size of the soundboard, or sound- 
board, for the pipes stand on the soundboard. The 
organ maybe entirely built on one very large sound- 
board, the great organ pipes being at the back and 
sides, the swell in the middle, covered by the swell 
box, and the choir, if there is one, in the centre and 
front; or each of these manuals, which are in reality 
separate organs, may have its own soundboard, as 
do the pedal pipes in most organs. So the organ 
builder, knowing the dimensions of the pipes of 
each stop, sets to work to make careful drawings of 
his soundboard, and so to arrive at the necessary 
measurements for it. Around this soundboard, or 
number of soundboards, the organ is built up. 

The Pipes. The pipes of an organ are of two 
main classes — ^namely, wood and metal. The latter 
are divided into flue pipes and reeds, according as 
their tone is produced by a whistle-like mouthpiece 
or by a vibrating reed. The metal pipes are made 
by a special class of workmen, and are to bo bought, 
or the organ buflder makes his own from the sheet. 
They all have the familiar form, and differ only in 
length and voicing. The wooden pipes are also of 
two classes — ^namely, stopped and open. A stopped 
pipe gives the same note as an open pipe of double 
the length, and, as a rule, the stopped diapason is the 
most bul^ of the stops placed on the main sound- 
boards. This set of pipes, then, is first of all aranged 
for, and then the rest of the board divided up to 
suit the remainder of the instrument. 

How a Wooden Pipe ie Made. Making 
a wooden pipe is simply a matter of good carpentry. 
The parts are these : A foot, which is a conical, 
wooden tube, turned in a lathe and bored right 
through ; a block, which closes the lower end of the 
pipe, and into which the fpot convevs the wind to 
a channel cut across it; and a tube, formed of three 
pieces of board fastened to the back and two sides 
of the block, and a fourth with a bevelled edge 
attached to the edges of the two sides and coming 
just down to the top front edge of the block; and a 
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cap, which is a block of wood the size of the block, 
onl^ broader by the thickness of the two boards. 
This has a wedge-shaped depression cut in it in such 
a manner that when applied with the hollow side 
inwards to the face of the block the thick end of the 
wedge may receive the wind from the channel and 
distribute it across the bevelled lip of the front pipe, 
producing a note. These are glued together, save in 
very large pipes, when the sides may be screwed to 
the block, and also the cap screwed on. In stopped 
pipes there is also a stopper which, when covered 
with leather, exactly fits the interior of the tube. 
This stopper has a nandle which enables the tuner 
to pull it m or out at his pleasure. 

With minute variations, all wooden pipes are 
constructed like this, though some have sides like 
inverted pyramids, and one or two rare stops have 
actual p 3 rramidal pipes. 

The Soundboard. The soundboard consists 
of a shallow box, divided internally into as many 
transverse grooves as there are notes on the key- 
board, or |>edal board, as the case may be. The 
pipes stand upon holes bored thi*ough the top of the 
box into these channels. The top of the box is 
made of two layers between which lie long strips 
of wood at right angles to the channels beneath, 
and directly under each set of pipes. The holes a:e 
bored right through the two layers and the strips, 
and thus it is clear that any wind in the channels 
can pass into the pi]>e8 above and make all sound. 
But if one or more of the layers be pulled out, or 
pushed in for an inch, a plain portion of the wood will 
intervene between the two bored layers, and the 
entire range of jiij^es standing above the layers thus 
shifted wifi be silenced. The £‘awing out or pushing 
in of these slips is controlled by the stops; when the 
stop is pulled the valves are opened, and closed 
when the stop is pushed back. In making this 
arrangement, the joinery must be perfect and the 
intercepting sliding parts accurately fitted lest the 
wind escajKs, and the tone of the organ suffer. 

The upper table of the sound-box is conveniently 
made from sound boxwood, and the bars forming 
the sides of the grooves of good pine. The slips of 
wood which govern the admission of air to the 
ranges of pipes are cut from gootl pearwood, or other 
similar hard wood. They are term^ sliders. Between 
each pair of sliders are 8tri|)8 of wood to prevent the 
air passing to a neighbouring set of pipes. These 
are termed hearers, and are ^ued between the two 
upper boards. It is needless to say that the upper 
boards need not be of the entire size of the sound- 
board proper, but may consist of a series of shallow 
boxes on the top of the soundboard, with the sliders 
and bearers enclosed within. This is a saving of wood. 
Also wo need not point out that the upjier board 
and sliders for small stops need not be as large as for 
heavy bass stops, such as those of 1(1 ft. pitch. The 
holes are bored through the boards, sliders, and 
soundboard with good centre-bits or augers. 

To support the pipes a certain number of rack 
boards have to bo prepared. These take the strain 
off the soundboard, and serve to maintain the 
pipe in an upright position. The holes in the rack 
boards have to be very much larger than those in 
the upper board, because they are eventually 
fixed on legs 5 in. above the upper boards, and so 
have to sustain the pipe, gracing it by the thick 
end of the conical mouth. Only the extreme tip 
enters the upper board. All holes are best scorched 
with a hot iron after being bored. 

When the holes are bored, the interiors of the 
channels are well smeared with thin glue to close any 
flaw which may have been started in the process of 


boring. The sliders and boxes in which they work 
are b^t burnished with blacklead, and pins should 
be set in the slider cases to ensure the slider only 
moving its proper amount. 

The Wind Chest. The wind chest is a 
shallow box, about 4 in. deep, or more, according to 
the size of the organ, attach^ to the under side of 
the soundboard. It is directly connected with the 
bellows by means of the wind trunk, a large wooden 
tube. This box contains the mechanism by which 
the wind is admitted to any of the channels in the 
soundboard, and thence to any pipe, for it will be 
remembered that there is one channel to each of 
the fifty-four notes of the keyboard, as well as 
one channel in the pedal soundboard for each of 
the pedal notes. 

The width of the wind chest is governed by the 
length of the pallets which are to cover a great 
portion of the soundboard channels enclosed 
therein. The pallets are the wooden doors, with 
leather hinges which close the channels normally, 
and which are pulled downwards when a note is 
l>ressed. The back of the wind chest is usually 
made of a very stout bar of timber, called the wind 
bar, which helps to support the. soundboard and 
. enables it to b^r the weight of the pines. 

The Pallets. To each channel is fitted a 
pallet, freely movable, but capable of firmly closing 
the portion it is destined to cover. It is kept 
closed normally by a wire spring, one end of w'hich 
bears on a bar running the vdiole length of the 
wind chest, and the other on the surface of the 
pallet. The face of each pallet is covered with 
leather to ensure better closing of the aperture, and 
a ring or hook is attached to each which eventually 
is connected with the action of the organ. These 
rings are placed 1^ in. from the end of each pallet. 

The bottom of the wind chest has to be bored at 
a number of spots exactly under the pallet rings 
and through the holes wires, known as puU-doums, 
have to pass to ox)en the pallets, but at the same 
time the wind must not be allowed to escape 
through these borings. This is effected by fastening 
a piece of brass on the inside of the bottom board 
of the wind chest, with holes in it exactly of the size 
to take the pull-down wires; and along the edges 
of this brass slijjs of wood are glued to prevent 
any wind escaping beneath it. The pull-down 
wires are then passed through the board and the 
brass plate, and the ends attached to the pallet 
rings. The pull-downs must work very smoothly 
and never stick. All this being an'ang^, the open 
portions of the channels on the soundboard 
which are not covei-ed by the pallets are covered 
in by gluing sheepskin or ptu’chinent over them, 
making an air-tight joint. The front board of 
the wind chest is made removable, to enable the 
llets to be got at if necessary, but its joints must 
made TCrfectly air-tight. 

The beftow’s are not difficult to make. The form 
consists of three main boards for each bellows — 
the middle, top and feeder, as they are termed. 
There are also a number of thin plates of wood, 
known as ribs, to strengthen the sides. The whole 
are united by gussets of skin, and by leather 
hinges. The feeder must ^ have ample room for 
play, according to the size of the organ, varying 
from 10 in. to nearly 2 ft. The upper part of 
the bellows, or reservoir, must also have the same 
amount of play, or possibly a little more. The 
middle boara must be a little longer than the 
other two, so that its ends may rest upon the 
frame of the organ. It is the immovable base 
upon which the bellows work. 
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The middle board has a shallow box, some 4 in. 
deep, or more, affixed to its upp^ surface, or the 
same size as the top board. This is to enable the 
wind trunk to be attached to the reservoir, and is 
called the trunk bond. In the reservoir there are 
sixteen ribs, and in the feeder only six, and of these 
lost the long ribs are triangular in shape. The 
reservoir is made in two stages, the ribs being 
carried on a light frame the same size as the top 
board, and the folds are therefore double. 

Valves. An opening is out in the feeder 
board for the admission of external air, and in the 
middle board for the transfer of this air to the 
reservoir. Little bars are fixed across these 
openings, converting them into gratings, and valves, 
or “ clacks *’ of white leather are att^hed thereto. 
The valves are best made of two thicknesses of 
leather glued together, and fastened at the edge 
by a slip of w<XKi and a few brads, thus being 
firmly held down to the boards. They should 
fiy open at the slightest pressure, and close quite 
fiat. A valve 4 in. square should be made in the 
top board, opening inwards, and held closed by a 
stout spring to prevent over- blowing. This is 
opened by coming in contact 
with an iron rod when the 
reservoir is over-distended. 

The wind trunks are rect- 
angular wooden tubes, with the 
joints covered with leather to 
st^all leaks. 

The Action. The essentials 
of an organ action can best be 
learnt from the accompanying 
diagram (Sj; but it must be 
remembered that in nearlv every 
organ various odditioas have to ' ' 


organ various odditioas have to 
be made to these plain essentials g ORGi 

on account of distance of sound- rp * 

board from keys, and so forth, irorexpan 

for it must be remembered that in an organ with 
more than one manual, however the pipes may be 
arranged, each manual mvst have its own i^erfect 
action mechanism. 

AB is the keyboard, balanced on a pin rail 
near its centre, and has a pin, C, passii^ through a 
little mortise. Another pin keeps it in its place. 
£ is a sticker, or light rod, which pushes, havii^ 
wires at each end bv which it is connected to AB 
at one end and to £, a backfall, or lever, at the 
other. F works on G, a backfall bridge. The 
other end of F, opposite to the sticker, is attached 
to H, the pull down, which is seen passing into the 
wind chest, and fixed to the pallet This is the 
bare outline of the simplest possible action. 

The necessary transference of motion in organ 
actions often necessitates the employment of rods 
which pull, which are then called hrackerB, and 
also of levers of angular form, turning between 
pins. These in their simplest form consist of 
rollers with arms projecting from them, and ore 
called foUera, the name in which they are fixed 
being known as the roller board. 

The mechanism of the stops varies as much as 
that of the keys, and depends upon the position of 
the slider which has to be drawn. It resolves itself 
into a series of expedients for transferring the 
pull at the organ bench to a pull or push, as the 


case may be, at any given spot, and in this trans- 
ference use is made of roller boards, trackers, and 
stickers. Only a little ingenuity is necessary to 
work out a scheme for any particular stop in any 
given position. 

The pedal action is only k strong copy of the 
manual action and calls for no special comment 

Voicing and Tuning the Pipee. Tho 

voicing of pipes is the highest branch of the organ 
builder’s craft, and cannot be taught save by 
practical instruction and by experience born of 
spoiling many valuable pipes. The slightest touch 
on the lips of a pipe may entirely alter its character. 
The tuning of organ pipes is difficult, but not so 
difficult as voicing. The tops of open pipes arc cut 
down, a strip being taken out of the side till the 
right pitch is arriv^ at. Stopped pipes have their 
stoppers pushed in or pulled out till the desired 
result is attained, while leeds have tho steel or 
brass rod which controls the reed knocked in or 
out to fiatten or raise the pitch. It may be men- 
tioned that two persons at least ore necessary to 
tunc an organ, one to manage the keys and the 
other the actual alteration of the pipes. 

Reed Organs. Rc^ organs have 
bellows of two classes. In American 
u. organs the wind is drawn through the 
I tongued reeds into the bellows and so 
IJ discharged into the air; in harmoniums 
the wind is forced through the reeds from 
a wind chest filled by the bellows from a 
reservoir, as in the case of an organ. 
The making of tho bellows in both only 
difiors in the position of the 

^ valves, the one having the feeder 

with its valve to take air from 
the reservoir and deliver it 
5 ORGAN AC?riON outsidc, while the other has its 

fForexpl«.ation.«ct.xt) “ tho reverse position. 

The sprmg which governs the 
reservoir is also reversed. 

Tho reeds themselves in an American organ 
are in a frame from which they can be drawn 
by means of a hook. They are tuned by scraping 
tnem, at the yioint to raise the pitch and at 
the base to fiatten it. Their voicing is acoom* 
plished by giving them a slight curvature. Har- 
monium reeds are fixed at the bottom of wind 
tubes leading from the wind chest, which rests on 
the top of the reservoir, to the pallets. They are 
screwed down. Their tuning is accomplished in the 
same manner as that of American organs, but they 
do not lend themselves to such varieties of voicing, 
the peculiar qualities of tone being obtained bv 
variations in the wind tubes, which receive the 
vibrating column of air. 

Miscellaneoua Inatruments 

The accessories of the great family of orchestral 
instruments form a very small branch of the calling 
of musical instrument maker. The kettle-drums, 
which are really musical instruments, are built 
up from copper, or sometimes silver, sheets, into 
a form nearly hemispherical The cubic capacity 
is accurately calculated for the note which tbie 
normal kettle-drum is to emit. P 3 rmbal 8 are l^aten 
out of hard brass, and require much skill in tuning. 
The size of the central depression has to be accu- 
rately gauged or a pure tone will not result. 


Musical Instrument-Making concluded; followed by The Business Side ow Amusement 
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THE UPHOLSTERER’S WORK 


Group 4 

UPHOLSTERY 


The Tools and Materials of the Upholsterer. Stuffing: Chairs and Couches. 
Making: Mattresses and Bedding:. Hang:tng8, Carpets, and Linoleum 


Following 

CABUTBt-XAKIVn 

from pago 6591 


•yHE work of upholstery may be divided into two 
* classes — that which comprises the stuffiifg of 
chairs, sofas, and other articles of furniture, and 
that which concerns the arrangement of hangings. 
The former class demands chiefly the exercise of 
manual skill ; the latter affords ^eater scope for the 
artistic faculties. We shall consider first the former 
class — that of furniture stuffing. 

Upholsterer*# Tools. The tools of the 
upholsterer are not numerous. The hammer used 
is light and of peculiar shape [1]. It usually has 
a claw at one end of the long head. A claw 
hammer of 
American oi 
Canterbury 
shape [see page 
3388] is also 
used. Then 
there is a Q 1. UPHOLSTERER’S HAMMER 
8]^ial form of 

pincers used for stretching cloth [2] and sundry 
accessories such as upholsterer’s needles, scissors, 
light or heavy according to the work in progress, a 
mallet, a bradawl, a ripping chisel, a screw driver, 
a pair of compasses, a rule, and perhaps a ta]>e 
measure. The needles used by upholsterers are of 
special forms. The ordinary straight or bent pack- 
ing needle is used for rough sewing. The pro^iwr 
upholsterers’ needle is an instrument from 8 in. 
to 10 in. long, pointed at both ends, and with an 
eye near one end. For stitching up and mattress 
work a s})ecial needle bent to the shape of a semi- 
circle or crescent shape is used. It has one sharp 
end only, the other end containing the he^id. 

The stud gauge is a small hand tool somewhat 
resembling a miniature daisy fork. The prongs, 
which are three in number and equidistant, arc used 
to mark the places for the brass chair nails o.* studs 
lut in round the edges. For ordinary studs — say 

in. in size — the prongs are usually j in. apart. 

eb strainers, which are used to stretch the webbing 
tight before tacking it into place, are made in several 
forms, and one or other must be used if good work 
is to be done. The upholsterer’s regulator is a pointed 
instrument slightly curved at one end and hafted 
at the other ; it is used for working the stuffing 
into the comers during the stitching up. The 
stuffing stick, which is used for mattress making, 
may made from a piece of hardwood about 
30 in. long. One end is made fish-tail shape, and 
the remainder is rounded to make it convenient to 
hold in the hand. 

A hair teaser is a machine which may be installed 
by the upholsterer. Its chief value is in repair and 
cleaning work, but it is used also to open out 
hair- stuffing from the rope in which it is bought. 
Flock and Imir may also be teased by the use of hand 
carding combe, two flat boards thickly set with teeth 
and caused to move backwards and forwards with 
the material between, thereby teasing it out. 

Upholsterer’s Metertal. The materials 
used by the upholsterer ore limited in number. 
Upholsterer’s springs are used for the interior of 
chairs, etc. Their manufacture has been described on 
page 5173, but the upholsterer never makes them 
himself. The usual sizes used are 5 in. for the scrolls 




of couches, G in. for small chair seats, 7 in., 8 in., and 
10 in. for couch and sofa seats and bac^, and for 
easy-chairs. Chair webbing, or girth webbing as it 
is sometimes called, is used extensively. It is from 
1 J in. to 3 in. wide, and is an inextensible band of 
strong, closely- woven canvas. Then there is thick 
canvas for covering the springs, twine and scrim 
for covering the hair for first stuffing. Tacks and 
gimp pins — a small variety of tacks — are also used. 
Apart from these there are only the stuffing material 
and the covering material. 

Stuffing Materials. The several materials 
used by the upholsterer for stuffing we shall describe 
briefly in catalogue order. 

Horsehair is still an imporbint filling material 
used by the upholsterer. It is supreme from the 
}»oint of view of elasticity. The best qualities are used 
for filling mattresses, medium qualities for general 
work, and the cheapest varieties for rolls, or for 
inferior work. It is usual to lay between the hair 
and the covering material a layer of wadding, with 
its soft side towards the hair. This takes away the 
harsh feeling of the hair, and it also prevents the 
hair from working through the covering material. 
Hair is sold in rope form, and it must be teased out 
before being used as stuffing. Sometimes this is 
done by hand, as the machines used for the purpose 
are alleged to break the hairs, but machines are 
generally employed. The machine used by up- 
holsterers in this country is a rotary machine 
consisting of a roller covered with spikes that tear 
th3 hair from the rope form. The machine em- 
])loyed on the Continent consists of a swinging 
quadrant furnished also with teeth, the thrust 
iind pull working of the operator separating the 
hair as it is passed through. 

Feathers are used as a filling material chiefly 
for mattresses. It is a mistake to use too cheap 
feathers, as they are not relatively so cheap as 
I>rice would indicate; the better feathers are more 
elastic and fill more 
space, hence a smaller 
quantity suffices. 
Rabbit down is 

2. STRAINING PINCERS sometimes used as 
stuffing for very 
cheap work, but it is frequently verminous, and it 
is now seldom demanded, flocks are common 
stuffing materials, and may be had in a wide range 
of qualities, and at prices from 1^. to lOd. per 
pound. They are the waste of the weaving factory, 
the best being waste from fine wool, and the lowest 
grades coming from the screening of cotton-cleaning 
machines. The best stuffing wool is white wool, 
which has a good curl, and is very elastic. It does 
not mat easily, and this is the factor of prime 
importance. 

Flocks are sold in bags usually of 50 lb. or 5G lb. 
Their field is chiefly for cheap work, and only the 
washed varieties ought to be used. The upholsterer 
may save money by introducing cheap materials 
as stuffing, for the work is not open to inspection, but 
this is fatal to a good reputation and a permwent 
connection. Among the vegetable fibres ua^ for 
filling — chiefly for cheap work — ore cocoa fibre, 
Mexican fibre, Algerian fibre or Grin V^^tal, and 
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alva, or alfa, a variety of seaweed which moths avoid. 
A superior material has recently come into use in 
kapok, a short-stapled vegetable w‘ool which is of no 
use for wearing, but makes an excellent soft filling 
material. It comes from Java and India ; its market 
price is about 7d. a pound, but under the name of 
** vegetable down’* some dealers have made a little 
mystery about it and sold it at very much higher 
prices, * Ihe twine generally used for upholstery 
work arc specially made. Stitching twine is thin 
and tufting twine is thicker. They are sold in 
j- lb. and ^ lb. balls. 

Covering Materials. Important among the 
covering materials used by the upholsterer comes 
leather in several varieties. Morocco leather, or 
Uvanif as it is sometimes called, is the b^t, and owes 
its acceptance to its durability and its retention of 
its colour. It is the skin of the goat, and the sizes 
of the skins run from 25 in. to 35 in. wide. Boan, 
which is sheep skin, is much cheaper, and usually 
measures 30 in. to 38 in. wide. In appearance it is 
not easily distinguished from morocco leather, 
but it soon becomes shabby, and its chief sphere 
is for backs of chairs when the fronts are covered 
w'ith morocco. Roan is elastic, and much easier to 
work than the more expensive morocco. Hair- 
cloth, the use of which is less common than for- 
merly, is possible only for plain scats, as it cannot 
be plaited. The chair, or other article, is finished in 
holland or black canvas before the hair cloth is put 
on. Hair cloth is procurable in several widths 
from 16 in. to 30 in., but the price per superficial 
unit is much higher as the width increases, hence 
cloth work is commonly welted, thus makina nar- 
rower widths workable. Hair cloth is generally black, 
and is made by weaving a horsehair weft — already 
dyed black — with a black linen warp. As a material 
it is very durable, and is not given to fade, but it is 
liable to retain a good deal of dust in its open 
texture. 

American leather cloth, or Crockett’s leather, can 
be had in a wide variety of shades and surface 
markings. It has extended use in cheap work, and is 
valuable in being waterproof. The body is calico, and 
the surface is a waterproof composition. The usual 
width is 45 in. 

Velvets — both genuine and imitation — are used 
in upholstery. The standard width is 24 in. Varia- 
tion of the surface gives different kinds that are sold 
under specific names. Thus stamped velvet is pas^ 
through a rotary press and given a surface design. 
Utrecht velvet is made from mohair, and is heavy in 
pile and texture. Frieze velvet has a surface with 
small loops left uncut. Velveteen is a short-pile 
cotton velvet. 

Plush is a variety of silk-pile velvet, and used to 
be much more frequently used in upholstery than 
it is to-day ; plushette is a cotton imitation" 

The covering materials used in upholstery are 
very numerous, and are constantly being added to. 
Fashion changes rapidly; one variety of expensive 
material maybe adopted extensivelv by the highest- 
class trade, and will reign until manufacturing 
enterprise puts on the market an inferior and cheap 
imitation, and then fashion elects another queen. 

A Stuffed Chair. A chair is at once the 
most common and the easiest article of furniture to 
stuff, and it is therefore proper to consider it first. 
We shall take a small chair to be stuffed with hair 
and covered with leather. First take a roll of chair 
webbing, and having doubled over one end half 
an inch, drive some tacks through the doubled over 
iwt, ^us tacking the end to the under side of the 
chaur frame. Strain the webbing well and put two 
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tacks into the other side of the chair frame, thus 
making a piece of webbing go right across the 
frame. Cut the webbing about 1 in. beyond the 
second tacks, then double this 1 in. over, and put 
some tacks through the dpuble port. Use f-in. 
tacks. Proceed until you have three lengths of 
webbing from front to back, and three from side to 
side [8]. Interlace the front to back pieces with the 
side to side pieces— 
that is, pass them over 
and under, as is done 
with the laths of a 
metallic bedstead. The 
spaces between ought to 
of about equal size 
Next, take five chair 
springs (6-in. size), and 
fix them with twine to 
the webbing. Let them 
bo about equidistant 
from each other, and 
well towards the middle 
of the seat, not up to 
the edge of the cnair 
frame. Then, to the top 
of each spring attach a piece of lashing twine, 
and tie . the springs down so that they are not 
extended fully, but arc compressed to, say, 
about 4t\ in. high. In doing this, take care that 
the springs are quite upright. Take a piece of 
canvas and stretch it tightly across the top of the 
springs, securing it to the chair frame with -S-in. 
tacks. Then, using the bent needle, sew the top of 
each spring to the canvas, so that in use the springs 
will not m dislodged from their upright positions. 
In sewing, use ab^ut five or six stitches to each 
spring, and knot securely each stitch separately, so 
that if one stitch should come undone, it will not 
affect the others. So far, the work has been pre- 
paratory to stuffing. Wc now come to the stuffing 
proper. This is a double process, consisting of the 
nrst stuffing and the second stuffing. 

The First Stuffing. For the first stuffing, 
run a string round, in long stitches, about 2 in. 
from the ^ge of the seat [ 4 ], and string on 

a fair quantity of 
hair. Avoid put- 
ting too much in 
the middle of the 
seat, especially if 
the seat has to be 
buttoned. Now, 
scrim — a variety 
of coarse muslin — 
is put over the 
4 . CHAIR READY FOR STUFFING hair and tacked 

into place tempo- 
rarily. Stitch the scrim to the canvas, stretched 
over the springs and below the hair, using a 
double-pointed upholstery needle, and making the 
stitches about 3 m. long and about 4 in. from the 
edge of the ohair all round. This leaves an outer 
edge right round, ^arated from the middle portion 
by the stitches. The tempora^ tacking round the 
edge most now be undone — a little bit at a time for 
pr^erence— and the edge must be tightly packed 
with hair, using the regulator as an aid. Then 
having doubled over the edge of the scrim, tack it 
firmly all round. 

We now stitch the edges of the seat. The purpose 
of the first stitches will be to secure the ban In the 
edges firmly, so that in use there will be no likelihood 
of it gettinfl^orked out of place into the centre of 
the chair. Thread the long, straight, double-pointed 
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needle with twine, and push it through from the 
front, lust above the front rail, so that it will emerge 
from the top of the seat about 6 in. baok. Pull the 
needle out a little, but not altogether, and changing 
its direction a little, send it ba& again to come out 
at the front, about 1 in. from ii^ere it entered. 
There is now quite a body of hair contained within 
the twine loop made in the inside. Pull the needle 
out at the fronts and pull the twine very tight. Go 
on making stitohes in this way right round the 
chair. Let the stitches be about 2 In. apart. They 
will be visible only in front [A in 5], as the twine 
has not been carried out through the top of the seat. 
This form of stitching U oalM blind stitching. In 
sewi^ as described, try to get os much hair as 
possime, and to got as nearly uniform a quantity as 
possible into each stitch. 

The second stitching is similar, but it is made to 
go right through the seat. Begin by entering the 
needle at the front, 1 in. higher than the first stitch- 
ing [H in 5], and draw it out at the top about 2 in. 
from the edge of 

drawal, enter it ~ • • - - 

again about 1 in. 

along, and at ^r imKr 

the same dis- 
tance from the 

edge of the seat. 5. seat stitching 
Continue stitch- 
ing in this way, making 1 in. stitches, and pulling 
them as tight as possible, until the front and the 
sides are all stitched. In a small chair, the back 
m^ be left with only the first stitching. 

The final row of stitching may now be put in. 
It is similar to the second row, except that it takes 
in much less of the scrim and of the hair. Begin 
higher up in front than formerly [C], only J in from 
the top, and come out on top only J in. back from 
the edge (C']. Having done this, the first stuffing is 
finished. If it has been properly done, it will be 
about 3 in. higher than the chair frame ,* it will 
overhang the frame a little, and will be packed to a 
uniform stiffness all round the edge. 

The Second Stuffing. Now comes the 
second stuffing. If the seat is to be buttoned, 
draw a centre line on the scrim from front to 
back, and with this as a guide, mark places for ten 
buttons. The buttons will be in four rows, from 
side to side, alternating two and three buttons 
in the row. Thus, the front row will have three, the 
second row two, the third row three, and the book 
row two buttons. No button must be placed nearer 
than 3 in. from the edge of the seat. See that all the 
places for buttons are equidistant in the same row, 
and that the rows are at equal distances apart. 
With scissors, cut a small hole in the scrim where 
each button is to be, so that the place may be felt 
when the hair has b^n picked on. 

We now take the skin with which the chair is to 
be covered. It must be marked for the buttons. 
Place it on the top of the scrim with the neck part 
towards the back of the chair, and mark and crease 
it into diamond- shaped stpiares. The extra size 
allowed for each diamond is usually in. more than 
actual size, to allow for fulness in stuffing, but if 
the buttons be wanted very deep, as much as 2i in. 
may be allowed. If the skin has any flaw, it may 
be possible to make this go into the fold of a plait, 
thereby concealing it. 

The skin having been mark^ and creased, the 
hair of the second stuffing is placed on the top of the 
scrim. A sheet of wadding, doth side downwards. 


is laid on top, and upon the whole the skin is 
placed. The buttons are put into their places by 
means of string, with a slip knot. The halt is sloped 
away from under the buttons, which are pulled 
halfway down. The string is then tied, and the 
ends are out off. Now, with the fingers, make the 
plaits lie regular and smooth, and miuLe the stuffing 
even and uniform in thickness, so as to give symmetry 
of form to the seat. Pin the skin to the edge of the 
first stuffing, and cut off the skin to the exact size, 
leaving about ^ In. all round for doubling in the edge. 

Cowering the Stuffing. The cuttings 
from the skin go to form the bordering all 
round the seat frame. For leather seats, the 
borders are usually attached with studs having 
heads covered with the same leather as the seat. 
If the studding be very close, border may not bs 
necessary. The strips will not be sufficiently long 
to go round the sides and front of the chair frame, 
and there will probably be two joins. Let these be 
at the sides near the front comers, overlapping them 
about J in. The border must be cut neatly with a 
sharp knife. Cut it about 1 in. wide, and double 
it back at both edges, so that the strip is i in. wide, 
with the two edges touching, or almost touching, at 
the back. Thus, the exposed edges w-ill bo folded, 
and will not show the back of the leather. 1 he joint 
should be made with glue that is not too hot, so 
that it will not penetrate and discolour the leather. 
The stud gauge will be used to mark the places 
where the studs or ornamental nails will be put in. 

For the sake of clearness we have considered 
throughout a chair seat of horsehair, leather covered. 
Other stuffing is manipulated in the same way, 
and in any other variety of covering the same 
process is followed. American cloth ought to be 
warmed slightly, especially in cold weather, as 
otherwise the handling may cause it to crack. 
When the seat is to be plain and unbuttoned the 
instructions regarding the buttoning are, of course, 
not followed. When material other than leather 
is used for covering, the bordering used is gimp, 
a narrow, ornamental border of a colour to match 
the covering material. This is secured in position 
with gimp pins, a variety of small tacks. Now the 
underside of the seat may be covered with canvas 
tacked to the frame and hiding the springs. 

Upholstering a Chair BacK. The back 
of a chair, it it is to be upholstered, is done much in 
the same way as the front, and as we have described. 
The interlaced webbing is attached and stretched 
to the frame, the springs are fixed — if springs are to 
be used — ^the stuffing is strung on, the layer of 
wadding is placed on top and the skin is attached 
as already described. 

If the chair seat is buttoned, the baok is both 
buttoned and tufted. The buttons are strung on, 
and the two ends of the string drawn through to the 
back of the chair, and tied over tufts, vmich are 
scalloped washers as used for mattresses, 

Stuffipis an Easy Chair- An easy chair 
usually has a stuff-over frame — that is to say, 
the whole of the woodwork may be covered with 
upholstery except the legs. The frames arc usually 
of beech or birch, the latter being the better,' and the 
legs of mohogany or other superior wood. 

The bottom is first webbed, say with six strands 
of webbing each way, then the baok is webbed, the 
webbing for the back being attached to the front 
of the frame. Then the springs are attached. 
Four 6-in. spring are used for each arm, being 
attached with wire staples, or by any other con- 
venient way, and no webbing being us^ The seat 
will require 9 springs (S-in. size), and the back 
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5 springs (6-in. size). The seat and side springs 
are sewn to the webbing as described for the small 
chair, the side snrings being in two rows, a lower 
row of three and an upper row of two. The seat 
springs are lashed with cord, that is to say, laid 
cords are tacked to the frame and passed round the 
top coil of each spring, there being a lashing cord for 
each row of springs from back tofront, and another 
lashing cord on each 
row from side to side . 
as seen in 6. The 
effect of this lashing 
is to compress the 
springs slightly, and 
to cause them to 
stand up about two- 
thirds of their natural 
height. If the work has 
been done properly, 
the springs will in- 
cline Wth their tojw g SPRINOS LASHED DOWN 
towards the fronts 

so that when the seat is sat upon they will 
be vertical. We then give the back a little atten- 
tion. We have already attached the five springs 
to the webbing [7J. From side to side we sew 
a piece of hessian to the horizontal strand of webbing 
just above the upper row of springs, then we pull 
the hessian tightly over the 
springs, compressing them 
a bit, and tack the hessian 
to the lower edge of the 
back frame, thereby retain- 
ing the springs in compres- 
sion. T^e another piece 
of hessian wide enough to 
cover the row of arm 
^rings already in place. 

Tack this hessian to the in- 
side of the arm rail, pass it 
over the top of the springs 7. EASY CHAIR BACK 
and pull it tight, com- with springs 
pressing the arm springs 

in their turn, and tack the hessian to the outside 
of the arm rail. Treat the other arm similarly, 
and wo are ready for the stuffing. Horsehiilr, 
flock, or al va may be used ; if the first named, it may 
be of second quality. Put long loop stitches round 
the ed^s of the seat, and pull the loops fairly evenly 
with &e stuffing. Cover the stuffing with scrim, 
which must be tacked to the ed^, then put in more 
stuffing, using the stuffing stick, until there is aU 
round the seat a roll similar to that we saw in 
stuffing a small chair. Then do the first and second 
stitching as described in our initial attempt and put 
the third row of stitches only in front, and up the 
sides as far as the arms, but not under the arms, 
and not along the back of the seat. 

Easy Chair Arms and BacKs. The back 
of the chair is sewn with long loops of twine, and 
stuffing is stniim on under the loops. The swell 
at the bottom should have a much larger quan- 
tity of stuffing than higher up if the seat is to be 
comfortable, as this part goes into the hollow of 
the back of the person using the chair. Cover the 
back stuffing with scrim, and the first stuffing of the 
back is complete. We now stuff the arm bolsters — 
that is, the portions under the arm rails. These 
should be well and firmly stuffed. Sew on loop of 
twine as elsewhere and when the stuffing has been 
put on, cover with scrim. An equal quantity of stuff- 
ing must be put into each bolster or the result will 
not be uniform, and this caution applies particularly 
to the arm rail stuffing. The arm rail or bolster 
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head, as it is called, may now be negotiated. Taok 
the end of a piece of scrim to the under side of the 
rail, and having stuffed it well, bring the scrim 
right round ov&c the top of the roll and tack the 
otner end down to the under side of the rail. In 
stuffing the arm rads, let the front parts be more 
firmly stuffed than the back parts, as the front 
requires to have greater resistance in use. 
Tack the scrim down at the back, and sew the 
front of the rail roll with two rows of stitches 
similar to those in the first stuffing of the small chair. 

The second stuffing of the seat is done in the 
BAino way as we have described for the small chair. 
The material is strung on to the scrum within the 
rows of stitching and is made higher in the centre 
of the seat. Then the layer of wadding is placed 
over this, and the covering is put on top. In good 
work, a covering of calico, well stitch^ and made 
free from wrinlues, is placed below the leather or 
other covering, and tacked to the frame. After 
putting on this calico, the seat should be sat upon 
to see if it is all ri^t. It will be found whether 
or not it shows sufficient firmness ; if too yielding 
and slack, more stuffing should be put in, which 
means undoing the calico for the purpose. The 
other parts of the chair — the back, the arm bolsters, 
and the arm rails — are treated in similar fashion. 
Then the covering material — leather, velvet or 
other material — is fitted and attached, and the arm- 
chair ought to be a thing of symmetry and comfort. 

Saddlebags. Saddlebags are |iroperiy of 
Persian carpet, and are very expensive. The name 
is now usually applied to squares of Wilton carpet 
pile which are used extensively by the upholsterer. 
They are square, and are put on the market in two 
sizes, 18 in. and 22 in. By sewing them to velvet 
surrounds, they have the appearance of panels, and 
thus used are widely employed for cosy chairs such 
as we have just considered. Such a chair requires 
four saddlebags — two 22 in. for the seat and back, 
and two 18 in. for the arms. There is room for 
skill and ingenuity in cutting out the surrounding 
cloth so as to avoid waste, and with plain surround.s 
this is not very difficult, but wth figured velvets 
it IS much more difficult, because the pattern of the 
surface must be mode to match, thereby limiting 
the freedom of action. Before cutting and sewing 
the Bi rround to the saddlob^, sizes must be taken 
carefully. The width of the seat and sides between 
the bottoms of the stuffing rails at both sides must he 
measured exactly. Add 1 in. — an allowance for 
seams — and subtract the width of the saddlebags. 
By halving the result we have the width that the 
surround at each side must be. Similarly measure 
the chair from front to back, make the 1 in. all6w- 
ance, deduct the width of the saddlebag, and halve 
the result ; this gives us the width which the 
surround at front and back must be. The 8urro!<nd 
should be cut from the piece straight across the 
cloth ; both strength and appearances require this. 
Now place the surrounds on a table with the saddle- 
bag in the centre, and when they have been adjusted 
to their proper position,, sew them together. I his 
ha ving been done, the seat is covered. Care must lie 
taken to have the saddlebag right in the middle of the 
seat, and the cover is then tacked on. No wrinkles 
must be allowed to appear, and there must bo no 
undue straining at any part or the balance will be 
upset, and the result will be uneven. The back and 
bolster arms are treated in the same way, care beifig 
taken to do the work evenly ; more stuffing may 
be inserted or some stuffing may be taken out if 
It will conduce to this result. The back oi the 
chair behind is usually covered with plain cloth 
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similar to that used for the surrounds of the saddle- 
bags, or a oheajMr material of the same colour may 
be used. The oordering for the seat will be of a 
suitable nature and colour for the covering ; some- 
times a deep fringed bordering is used. The ends 
of the arms and head are often finished with tassels 
and cords, the colour matching the covering. The 
bottom of the chair underneath should be covered 
with cloth — usuaUy black linen — put on over the 
webbing, and attached to the frame with tacks. 

Couches and Sofas. We now come to the 
consideration of sofas, couches, and ottomans. 
A sofa, of course, is a long seat, with a back and two 
ends or arms, ^move one end and slope the back 
at one side, and we have a couch. Now take away 
the back, leaving the seat with only one head or 
arm, and we have an ottoman. A sofa has the back 
upholstered like the back of an upholstered chair, 
but a couch often has the back open with merely 
an upholstered top rail. Couches are commonly 
left-handed, which means that a person reclin- 
ing on one and facing the front would have his 
left arm free and be reclining on his right side. 
The old English style of sofa has very steep 
ends, so that a pillow is necessary to comfort, but 
the present fashion is towards the Gorman style of 
arm, which slopes away at a more obtuse angle, and 
is at once more comfortable and more graceful. 
The practical effect of the construction of the latter 
type is that the pillow of the Elnglish style is intro- 
duced into the upholstery itself, rendering the 
extraneous article unnecessary. 

Upholstering a Couch Seat. Let 
us upholster a spring seat couch with a ser- 
pentine back — that is, a back which in profile is 
like a earners two humps, that further from the 
head much lower than the other. The seat is the 
first part to which we give our attention, and before 
we upholster it we must remove the back from the 
frame, which will not be difficult, as it will be found 
to be attached by screws. We shall not use webbing, 
as we did with the small chair and the easy-chair, 
but rails of wood attached to the front and back 
of the seat frame by their ends. There will be 
six of these cross rails, arranged so that the daylight 
spaces are equal. We do not put springs on the rail 
at the head end, but on every one of the others we 
put two springs [8J — 
one towards the back 
and one towards the 
fi‘ont — and fix them 
with staples. Tack 
a length of hessian 
to the front of the 
frame, strain it over 
the spring, com- 
pressing them to two-thirds of their natural 
height, and tack the hessian at the back of the 
frame so as to keep the springs compressed. 
Hew the top coil of each spring to the nessian, 
seeing that their final positions are vertical. 
With the curved needle put long loops of twine 
along the front edge, along the bottom edge, 
and along the back at its edges. Pack under 
these loops stuffing to the thickness of 3 in. — 
fibre or rag flock, not the mattress varieties of flock. 
We have now a btirder of stuffing all round 
except at the head. Fill up the middle part with 
flock, making it higher in the centre than elsewhere. 
Tack a piece of scrim all along the front, fold it 
right over to the back, and tack it to the back rail 
in the centre of its len^h. Then tack down the whole 
to the badck rail, working from the centre. Do not 
pull up the scrim too tightly when doing this, but 


let it be stretched evenly, and see that the stuffing 
is fairly uniform as the work proceeds, remedying 
any shortcomings in this direction with the stuffing 
stick or regulator, and withdrawing or adding flock 
if necessary. The front, back, and bottom end may 
now be stitched — in a manner similar to that followed 
in the case of the easy-chair — with first, second, and 
third stitches. 

The Couch Head and Bach. The 

frame of the head consists of covered scrolls at 
each side, connected with cross rails, probably 
four in number. Tack webbing to the face of the 
cross rails — say three lengths, straining it as already 
seen. Then interlace cross webbing and tack it to 
the side scrolls. Attach the springs in the usual way, 
using five in all, a lower row of three and an upper 
row of two. Then attach four springs to the toj) 
rail at right angles to the other springs, all as illus- 
trated in 9. Cover now 
with hessian, attaching 
it to the side scrolls, and 
string on twine loops, 
filling the loops with 
stuffmg. Cover the whole 
with another piece of 
hessian, tacked to the 
bottom cross rail and a t 
each side to the side 
scrolls, pack the stuffing 
uniformly, and not too 
firmly into the bag thus 
9 . SPRINGS FOR HEAD formed, and sew the 
OP COtTCH whole up complete. 

The couch oack will 
probably have upright rails. Web it horizon- 
tally, and interlace intermediate webbing vertically. 
Attach twelve 4-in. springs, cover with hessian, loop 
up, pick on the stuffing, and cover with hessian again 
as for the other parts of the couch, finally sewing 
right around the curved edge with first and second 
stitching. The covering remains to be attached. 

Cowering for Couches. If skins are used 
for covering couches, they must be sewn together 
because one is not large enough. Three skins are 
always required, and sometimes part of another as 
well. If the couch seat is not to be buttoned, cut the 
skins quite straight so that the seam will be at right 
angles to the line of the front rail, and sew them 
neatly together with a small welt. The sewn skins 
must be cut to shape upon the couch itself. Tack the 
cover on at the front rail first, then beginning in the 
centre, strain the covering back and attach to the 
back rail. Work along &om the centre until the 
whole couch is done. If the seat is to be buttoned, 
the skin must be marked for the buttons as already 
seen for the small chair. The front row of buttons 
should be 3} in. to 4 in. from the front of the seat, 
and the diamonds of the buttoning should be marked 
7^ in. from side to side and 9 in. from front to back ; 
this, with the allowance necessary for fulness, giving 
diamonds 7 in. from back to front and 6 in. from 
side to side. If the depth of the couch from front 
to back is greater than the width of one skin, another 
skin must be sewn to the first, so as to give the 
necessary width. The edges to be sewn should be 
cut to a diamond, point^ xig*zag shape so that 
each point will fit into a corresponding angle. To 
mark the buttons for the head of a couch is a com- 
plex task, and can be done properly onl^ by the 
experience man whom practice has instructed. 
The allowance for fulness in the diamonds must be 
increased the further up the head the work is 
carried on. This increase is ususdly 1 in. more for 
each diamond than for the diamond inimediately 
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below it, and is caused by the curve of the 
head demanding an allowanoe in addition to the 
of the individu^ diamonds. 

Bedding Manufacture. The manu> 
faoture of bedding falls within the scope of up- 
holstery in the widest sense of the term. The 
stuffing of a mattress is hidden just as is the 
stuffing of a piece of furniture, ana there is oven 
more imperative call that absolutely clean materials 
should DO used. Vegetable fibres such as cotton 
flocks and alva do not attract moths ; hence they 
are generally healthier than feathers and wool. 
Horse-hair is considered the healthiest material, 
however, as it is a better heat conductor than 
other materials and does not retain the body 
heat of the sleeper. Horse-hair for mattresses 
should be short and curly, and if suspicion bo 
entertained that it has b^n adulterated with 
vegetable fibre — rather a common practice — it may 
be tested by burning it, as horse-hair bums to a 
black ash and vegetable fibres to a grey ash. If 
wool be used for mattress stufling, white wool is 
the best, but it is also the dearest. The tempta- 
tion of the upholsterer to use inferior stuffing is 
very great in these days where such a large share 
of the trade depends upon comx)etition in price. 
Sometimes both hair and wool enter into mattress 
filling, the hair being in the centre with a layer of 
wool below and above, also at the sides and ends, 
the object being to secure the springiness of the 
hair combined with the softness of the wool. Such 
mattresses arc known as “cased” or “French.” 
The hard, straw-stuffed mattre.sscs used under the 
hair or wool mattress are called }>aUia98c.<. Their 
purpose is to protect the mattress proper from the 
hard wear which would come by placing them direct 
contact with the bed laths. 

An ordinary mattress of G ft. by 4 ft. size contains 
48 Ib. of best hair, 54 lb. of medium quality hair, 
or 54 lb. of good wool stuffing. Mattresses should 
be opened and have the stuffing material thoroughly 
cleaned and teased at periodical intervals, say, 
every two years at least. This is a detail regarding 
whicn the majority of English people are too in- 
different ; in some other countries householders are 
much more alive to its importance. In Franco, for 
instance, a common feature of the household spring- 
cleaning is that bedding cleaners visit the house and 
open, clean, tease, and refill the bedding. 

Stuffed Mattreeses. The most common 
variety of mattress is the stuffed mattress, and we 
shall consider the manufacture of one of the size 
mentioned above — ^to wit, 0 ft. by 4 ft, which is the 
size sold in largest numbers. The covering is 
ticking, a strong material which may be in 
various colours and patterns. It is usually cotton, 
and is mixed in the cheaper qualities. Linen and 
jute cloths are also used, chiefly for hair mattresses. 
Coloured ticking is known as fancy Skslgian. Drill 
i» a variety of ticking, and sateen is another variety 
with a lustre caused by the methods a^pted in 
finishing. To bind the mattress together, mattress 
ribbons, which are to be had in pattms and colours 
to match the coverings, are uwd. Then mattress 
buttons are to bo had in aity colour to match the 
covering material. Mattress tufta are stamp^ 
circular pieces of leather, leather, or woollen cloth. 

The cutting-out is the first operation. The tying 
down of a mattress uses up some cloth, so in 
cutting the cloth we must allow for tliis. The 
usual allowance for a hair mattress is 1 in. for 
every foot of length and f in. for every foot of 
width, BO that the upper and under surfaces of a 
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6 ft. by 4 ft. mattress will be 6 ft. 0 in. by 4 ft. 
3 in. If wool is the stuffing material, the 
allowanoe is not quite so great. Having cut the 
main pieces, out out the borders, or sides. They 
must be cut from across the piece so that the 
stri|)e8 will run up and down in the direction 
opposite to the stripes on the face of the 
mattress. Make them 6 in. wide and 6 ft. 4 in. 
long, the odd 4 in. being allowance for sewing. 
The border for the ends will be similar — 4 ft. 4 in. 
long by 6 in. wide. 

Sewing the Mattreee. Now, with the 
sewing machine sew the large top piece to the four 
borders all round it — the seam being ^ in. from the 
edge of the material — so that the edges come to the 
outside of the corners of the mattress. Take a roll 
of mattress ribbon — an entire roll contains 144 yds. 
— and sew it over this seam with the sewing 
machine, and through the double thickness of the 
ticking. The corners are not sewn up to a sharp 
angle, but are slightly rounded. 

The bottom piece is now sewn to the side pieces—^ 
at the free sides of the latter — leaving, however, 
about 20 in. unsewn at one end to be used for 
filling the case. The ribbon is sewn over the 
seams round the bottom piece in the manner 
already described, and the comers of the borders — 
where the side pieces join the end pieces — are 
sewn from the inside with a needle and tWead. 

The stuffing material is now put into the case, 
through the opening left for tne purpose. Put 
in a small quantity to begin with — say 10 lb. — 
and with the help of the stuffing stick push it well 
into the corners, but do not press it too firmly. 
Add more stuffing, distributing it evenly over the 
whole space, and see that the mattress* comes up 
square, with the sides in their correct relation with 
the top and bottom surfaces. In this way fill about 
threo-quarters of the mattress case. 


We now tuft the mattress, that is, sew it through 
and through with stitches held by a tuft at each 
side. The tufts may be in rows parallel with the 
sides and ends of the mattress, which gives the 
appearance of squares, or they may be arranged 
as in the buttoning of an easy chair, in which event 

diamond • shaped 
^pearance [lOJ. 

latter looks 
better, but the 
former makes the 
mattress more 
easily rolled up for 
storing and tran- 
10. Turnwa foe mattresses tufts are 

usually 6 in. 
apart. Whichever method is adopted the places 
for the tufts should be measured out properly. 


The tufts are sewn on with a mattress needle— 
about 10 in. long and pointed at each end — and 
twine. Pass the needle right throngh the mattress 
at the place for the tuft farthest from the filling 
opening. Return it again about 1 in. from where 
it jmssl^ through before ; this will show a stitch 
about 1 in. long. Place a tuft under this stitch, 
make a slip knot at the other side and insert a 
tuft here. Now pull up the string tight until the 
tufts are drawn together and siim quite an inch 
into the stuffing, then tie it firmly w?id out it off, 
Pirooeed with the, other tufts in the same manner, 
until almost as much of the mattress as is filled has 
been tufted. Pill the remainder of the mattress, 
sew up the opening that is left, and finish the 
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tufting. The mattress is now finished ; it should 
be firm and its appearance regular. 

For hair mattresses a stronger ticking is necessary 
than that used for Wool ; it is usual to employ linen 
ticking, as this presents the hairs, which are com- 
paratively sharp and ^netrating, from making their 
way through the cloth. 

Feather Bede* Feather beds are mattresses 
filled with feathers instead of hair or flock, and are 
not tufted. The feather bed, if of good quality, 
will be bordered and welted, as we have described 
in the manufacture of mattresses ; but many are 
made without border, the case, in that event, being 
merely a large sack of ticking. Feathers have the 
power of penetrating the cloth, and this tendency 
cannot be entirely eliminated, but it may be mini- 
mised by waxing the inside of the ticking, the waxed 
surface offering a smoothness which the, feather stem 
finds difficulty in piercing. A feather bed 6 ft. long by 
4 ft. wide requires about 48 lb. of feathers, and one 
6 ft. 6 in. long, demands about 52 lb. of feathers. 

UphoUtored Spring MattreMes* The 

box spring mattress, or upholstered spring mattress, 
is a mattes consisting of a wooden frame with a 
bottom of wooden laths or webbing, upon which are 
mounted spiral springs, surmounted by a stuffed 
superstructure. For a box spring mattress of ordinary 
size the wooden laths usually number six. and are 
placed across the frame. To each lath six 10-in. 
springs are attached by wire staples, or, if the laths 
be replaced by webbing, by sewing. These springs 
are lashed down by having twine sttuim across their 
tops. Over the top is placed a piece of hessian, and 
all round the side, but not at the top ; the hessian is 
formed into a roll about 8 in. wide, which is stuffed 
with cocoa fibre or other coarse stuffing material. 
This roll is securely stitched, and when finished 
forms a semicircular pad close to the ed^ of the 
mattress frame all round the sides and bottom. 
Now cut the top cover, which will be 2 in. larger 
than the wooden frame and IJ in. wider, l^it 
stuffing all over the hessian which covers the springs, 
and over this put the top cover ; tack it into position 
all round, and tie it down, tufting it in the way 
already described. Short pieces of webbing may be 
nailed to the seams of the frame near each end so as 
to form handles by which the mattress may be 
lifted. Now cover the entire bottom with a piece 
of hessian. 

Certain precautions should be observed in making 
a box-spring mattress. There is a temptation to 
make the centre too high, as is oustomarv in stuffing 
chairs, but a top that is perfectly ^flat is far 
preferable. 

Webbed Box • spring Mattreeeee. 

Another style of box spring mattress is made 
without bottom laths, but with webbing above 
and below the springs. A box frame, consisting of 
sides only, would l^ rather weak, and two cross 
stretchers must be used to impart strength. The 
webbing is put on in the usual way, 3 in. spaces 
being allowed between the lengths. It should be 
strained well. The springs — of which there will be 
30 to 36 in a mattress of 6 ft. by 4 ft.-— are 8 in. high, 
and of No. 10 wire gau^. Care must be taken to 
have them upright bemre being attached to the 
upper webbingr^which is put on tightly so as to 
compress the springs. We nave now got a wooden 
frame with interlaced webbing on botm upper and 
under sides, the space between the webbing being 
occupied by springs. Place over the top webbing 
one piece of hessian to cover the entire simace, and 
tack it to the wooden frame. We now cut two 


side pieces and two end pieces the exact length of 
the sides and ends of the frames, all being 6 in. wide. 
Sew these pieces to the hessian 4 in. from its edge ; 
then we shall have a loose flap all round the hessian. 
Tack the unattached edm of this hessian to the 
wooden frame all round, thus forming long channels 
all round the four sides of the mattress. These 
channels must now be filled with stuffing — fibre or 
flock — and will form a thick roU all round. String 
on stuffing about 3 in. thick to the top surface 
within the rolls just formed. Cover this with hessian, 
which tack to the side frames all around just beneath 
the edge of the rolls. Now malm a top cover of 
sateen ticking, giving it a 6-in. deep border for sides 
and ends, and sewing it up and binding it with 
mattress ribbon, as already described in making 
the ordinary stuffed mattr^. Having made the 
cover to fit the frame, pull it on and tack it beneath 
the wooden frame. The whole is now tufted in the 
usual way; and after having had the under surface 
covered with hessian, the tox spring mattress is 
complete. 

Spring-framed Mattresses* A spring- 
framed mattress is another variety which resembles 
somewhat the box spring mattress, but its manu- 
facture is work for the caipenter rather than the 
upholsterer. Also it is being discarded in favour 
of less cumbrous arrangements. Two rectangular 
wooden frames are made and are lathed with wooden 
straps. Turned conical guide blocks are nailed at 
each crossing of the laths. The guide blocks in the 
lower half look upwards and those on the upper 
half look downward. Mattress springs are put over 
the guide blocks, the cones keeping the springs in 
the proper positions, and wire staples are used to 
retain them, four staples being driven in around each 
bottom coil. The whole may be covered with 
mattress ticking, or the sides may be left open. In 
use, this type of mattress has always an overlay 
mattress on top, but the wire- woven spring mattress 
has displaced it, and will no doubt eventually oust 
it altogether. 

Palliasses* The palliasse, or straw-filled mat- 
tress, is used underneath the ordinary or overlay 
mattress. Its object is to protect the mattress proper 
from contact with the metal laths of a bedstead, but* 
the introduction of the wire mattress affected the 
extent to which palliasses were used, and they 
are now becoming less common. Palliasses are 
usually made in two parts, divided right across the 
length, so that a palliasse for a 6 ft. by 4 ft, bed 
consists of two halves, each 3 ft. bv 4 ft. The case 
is usually of canvas, with a border of ticking on 
three sides, that side which butts against the other 
half being of canvas. The case is bound right round. 
The border is not so wide as for an overlay mattress, 
being only 4 in. Straw is the best material for filling. 
It is frequently used as it comes from the bale, but 
ought to be twisted up and broken before being used. 
Straw that has been used for packing goods makes, 
if clean, excellent filling, as it is usuaUv well broken. 
The case is made by sewing the tick border to the 
hessian cover with strong linen thread, well waxed. 
After being filled and sewn up, it should be beaten 
well with a iieavy stick to make it quite flat. It 
is now sewn right through, as in tufting, but tufts are 
not TOnerally used. The top and bottom edges may 
be blind stitched — that is, sewn with the first stitch- 
ing we saw in upholstering a chair, but this is not 
always done. When many palliasses are made, a 
palliasse frame — that is, a tox the exact size oi the 
half palliasse-intemally, and serving the purpose of a 
temj^et, may be used. It conduces to rapid work, 
making individual measurements unnecessary. 
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MaKins Pillows' and platers. The 

usual size of pillow is 27 in. I^y 18 in., and in cutting 
the ticking for it the size of the two pieces is 28 in. 
by 19 in., the extra inch being the allowance for 
curvature. Feathers and down are the best 
materials ; with the latter the covering is usiially 
swansdown, the woolly side being left inwards. The 
amount of filling used depends upon the filling 
moperties of the feathers selected for the work, 
bown requires only H lb. for a pillow, and feathers 
run from 2^ lb. for white goose feathers to 3 lb. 
for poultry feathers. 

The length of a bolster is decided by the width 
of the mattress, and ^e cloth required to go round 
the girth of the bolster is from 36 in. to 40 in. 
The bolster ends are either oval or oblong, with 
rounded comers. These ends, if oval, are cut about 
11 in. by 7 in., tjie finished size of the oval being 
10 in. by 6 in,, the odd inch each way being taken 
up by the seam. The oblong ends are cut about 
14 in. by 6 in., which are, of course, smaller wben 
finished. The ends may be sewn to the body with 
a welt, the ends of the cylinder body being drawn 
into the welt for this purpose. The welting is not 
universal, however. Tne bolster takes rather more 
than twice as much stuffing as the pillow. Some 
bolsters are wedge shaped, ta|)ering to the front. 
But this kind is found uncomfortable by most 
})eople ; it is used more frequently in Continental 
countries than it is here. 

Draperies and Hansinga. In addition to 
the stufiing of furniture, the upholsterer is called 
upon to undertake the arrangement of curtains 
and hangings, and these may therefore be considered 
within the scoi)o of upholstery. But success in this 
department cannot be obtained by precise instruc- 
tion regarding procedure. It is a matter for the 
artistic eye rather than the skilled workman, and 
the best work can be done only by the possessor of 
an eye for grace of form, line, proportion, and colour. 
The ability to judge effect can be cultivated by careful 
study of the dcsi^s of the masters of the craft. But 
with the knowledge that instruction must be limited 
to the minor and mechanical part of the business, we 
can proceed to say w'hat can be said with advantage. 

The specific uses of hanging draperies are for 
window curtains, bed curtains, portieres or door 
curtains, fireplace hangings, and curtains for 
pictures and mirrors. For window and door curtains 
the material should be heavy and pliable, so that 
the weight will give natural folds, and that the hang 
may not be made unnatural by any inherent 
stiffness in the material Thus jute tariestries, 
Utrecht velvets, serges, and heavy printea crepes 
are suitable for such work. Window curtains should 
be cut to a length so that when hanging loose they 
will be about 3 in. longer than just sufficient to 
touch the floor. The hook from which the curtain 
chain is suspended should be from 4 ft. to 4 ft. 6 in. 
from the floor, and when the chain has been drawn 
up with the curtain within it, the bottom of the 
curtain W'ill just about touch the floor. If there 
is to be a valance above the curtain, it may be cut 
straight or stepped, or with just enough of edge 
cutting to relieve the stiffness of absolute plainness. 
For a room of reasonable height, the valance is 
usually about 24 in. deep. If the material of a 
valance lie tapestry, it should bo panelled with 

E lush or Utrecht velvet, the edges of the velvet 
eing finished with gimp. The curtain should have 
a width of the same velvet right across its width, 
about a foot from the bottom. 

DrMing a Mantelahalf* The simplest 
form of household upholstering is the surround for 
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a mantelpiece shelf. This may be made with side 
hangings ; but the most elementary form is merelv 
a v^anoe along the front, and returned down each 
side. The shelf itself should be -covered with cloth 
or baize, returned over the front edge and ^ked 
to under side. This cloth must be put on tightly, 
and with the weave of the cloth parallel to the line 
of the shelf. Wrinkles should be avoided ; but if 
they appW, they may be dispelled by being 
damped and' ironed. Now a strip of buckram may 
be taoked to the front edge, or to the front of the 
under side, and made to hang down in front apd 
at the sides, but must not bo so long that it will 
show under^the valance. The valance looks best 
when of velvet or pliish. The fringe of the valanco, 
usually a ball fringe, must be sewn, on before the 
valance is attached to the shelf, and the valance m^ 
be lined if desired. In fixing, tack it first ir 
centre, and then work along to the ends, maiuii^ 
it tight, but not straining it, or the corners will not 
hang doum square. The festoons are now put on. 
They must be of a material that is very soft, as 
any stiffness in these would ruin the appearance 
of the drapery. They must be uniform in size, 
and to make them so a pattern or templot, easily 
made out of card, may be used with advantage. 
A pinking iron, or mushing iron, as it is sometimes 
called, is a sort of steel chisel of crescent shape 
with a scalloped edge, and is used to shaj^e the 
edges. It is used by placing its edge on top of 
the cloth on a block of lead and hammering it on 
to the cloth. It is possible to hang the festoons 
in one piece, drawing it up into festoons ; but it 
is better to make inaividual festoons, tacking the 
npj)er edges to the shelf edge on top of the valance, 
and afterwards drawing the sides together and 
fixing them up with a tack. After this has been 
done, the points where the ends of the festoons 
join are fitted with rosetts, cords and tassels, or 
hy fancy brass nails. 

Wall Upholstery* A new class of work is 
falling to the lot of the upholsterer w ith a high-class 
trade. Silk, or other fabric, is stretched across 
w'alls Irom end to end. taking the place of wall- 
paper. The walls contain, or have nxed to them, 
battens all round, and first “ bump ” — a species of 
heavy cotton cloth — is .stretched and nailed to the 
battens. Then the fabric, which has been sewn into 
one piece, is stretched over the bump and tacked. 
The work must be evenly done. Then gimp or 
braid is glued round the edge. The same treatment 
is applied to decorated skins, such as those for which 
the seventeenth century Spaniards were noted. 

Carpet Lrayin^- The planning and laying of 
carpets are operations which fall within the sphere 
of tne upholsterer. A plan of the room is first made 
on pa|)er, and great care is necessary to see that 
the sizes arc correctly recorded, because to find 
that a carpet is a misfit after it has been sewn up 
is an expensive matter. When a room is of rectan- 
gular or square shape — and most rooms ore—it is 
necessary to measure the distance between the 
op])osite comers, and if the two diagonals are not 
of exactly the same length, it is obvious that the 
room is not trulv rectangular or square, and the 
trouble must be found and noted, the oarjtet being 
made accordingly. When a wall recess or a window 
space is of circular form, a base line must be drawn 
from the two extremities, and parallel lines drawn 
every twelve or six inches from the base line to the 
arc, the size of eacji one of these parallel lines being 
recorded on the plan. 

Plan of the Carpet. When cutting a carpet, 
the plan of the car)iet--full size — should ne drawn 
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upon the floor with ohalk. The long, straight lines 
can best be made by a ohalk line, t^t is, a length 
of cord which, in use, is rubbed with chalk, then 
held tightly at each end, lifted up in the middle 
and let go, when it makes a straight line upon the 
floor. Having made the plan of the carpet on the 
cutting flocnr, the border must first be cut. The 
comers of the border must be mitred. This is not 
difficult when the comer is square, because then 
each mitred end is half of a square, and the extreme 
points are cut to an^^es of 45° ; but if the corner 
is not square, care and skill are necessary to secure 
a good and re^lar mitre. The carpet proper is 
now cut to fit the space within the bomer. Kidder- 
minster carpets are 1 yd. wide, and other varieties 
are | yd. wide. Difficulty may 1^ found in matching 
the pattern at the seams where the lengths of carpet 
join, but it is imperative that this he done if the 
completed carpet is to be a symmetrical whole. 
The carpet is sewn either by hand or by machine. 
The selvedges of the carpet are sewn quite close 
to each other, and are, of course, sewn from the 
back. If the carpet has a plain woven selvedge, 
this is doubled back after sewing at the inner edge 
of the selvedge. If there is no such selvedge, each 
edge is turned in half an inch, so that, in planning 
and in cutting out, an inch ^s to be allowed in 
the width of each length for seaming. The ends 
of the various lengths must be doubled over and 
overstitched, so tlmt they will not fray. Another 
method of treating the ends is to sew a piece of 
webbing across the end imdemeath, right tip to 
the edge, and to overstitch the webbing and carpet 
together. The extra thickness is not appreciaole 
from the upper side. 

Stretching the Carpet* After the carpet 
lias been sewn together, it should be stretched and 
liave any wrinkles and crevsos taken out. The 
carpet-stretcher is used for this operation. This 
is an instrument with a handle resembling a broom 
handle, but the end is something like a flat shovel, 
with the point of the blade cut into pron^ or 
teeth. By standing on the carpet and pushing it 
away witn some force by means of the cariiet- 
stretcher, the stretching is effected. Working from 
the centre, stretch it section by section until it 
fits the chalk plan made on the cutting floor. As 
one part is stretched, put drugget pins — that is, 
brass-headed studs — into it, so as to retain it in its 
stretched condition. Any loose or creased part may 
be made right by being damped by the application 
of a wet cloth and ironing. 

The carpet may now be considered ready to be laid 
in its proper place. The floor upon which it is to 
be put should be smooth, all pojecting nails and 
spikes should be withdrawn, and all projecting knots 
planed down. Felt may be put on before the carpet, 
thus thickening the floor covering. Care must be 
taken not to have the carmt and underlay so thick 
that doors opening inwaras into the room will rub 
against the caipet. It may be necessary to unhinge 
and cut the door in such an event. The actual 
putting down of the carpet is a simple matter, 
the omy precaution necessary being to make it 
quite straight. 

Much trouble and time may be saved by using 
carpet squares instead of planning and sewing 
carj^ts. Carpet squai'es are rectangular carpets 
ma^ in one piece, including the border. The 
room in such an event has a polished or stained 
floor around the carpet square. 


Laying 3talr Cmrpeim, The laving of a 
carpet on a straight stair, is a matter of extreme 
simplicity. It is simply tacked at the top or 
bottom, and put at each step under the stair rod 
and tacked at the other end The stair-rod eyes 
should be screwed or driven in in a perfect straight 
line riffht from top to bottom of the stair, and 
their mstanee apart should be half an inch more 
than the width of the carpet, thus giving a quarter 
inch of clearance at each side. The distancefrat each 
side of the carpet between the wall and the balusters 
should be unuorm. Stout pads or underfelt are 
usually put on each tread under the carpet ; they give 
a softer tread, and prolong the life of the carpet. 
Stair pads should be about 1^ in. shorter than the 
carpet is wide, and, while stopping short of going 
right to the back of the tread, where they would 
interfere with the stair rod, they come down over the 
nosing or rounded front of the tread, where the 
greatest wear is. In America stair rods are prac- 
tically unknown. Instead, stair carpets are tacked, 
or are held by stamped brass comers with short 
prongs, which are pressed into the angle made 
by the tread and the riser. 

Carpets for Spiral Stairs. The laying of 
a carpet on a circular or spiral stair presents greater 
difficulties. If laid properly, it should look, when 
laid, as if it were ui^roken from end to end The 
liest way, but the most expensive on account of the 
waste that it causes, is to cut the carpet across at 
the bottom of each riser, and to sew it together 
there. The more usual method is by folding trian- 
gular sections under the face at each riser, so as to 
absorb the unnecessary cloth caused by ^ the circle. 
Whichever method be adopted, it is a good rule 
that the narrow carpet edge on every step should be 
some distance from the balusters. It will not be 
possible in some cases, where all the treads are not 
at the same angle. 

Laying Linoleum. The practice of having 
linoleum made in bordered squares is lessening the 
need for fitting linoleum, although fitting is still 
the more common method. The standard width 
of body cloth, as the body of the linoleum is termed, 
is 2 yd. In cutting up there is room for skill in 
devising methods of saving waste. Patterns of 
geometrical desim are more likely to be economi- 
cally laid than floral carpet patterns, because the 
former can be reversed, and sometimes even turned 
sidewise, and still preserve the pattern, while 
the latter must be kept running one way. 

The customary knife used for cutting linoleum 
and floorcloth is of the billhook variety, and must 
be kept sharp. Many workmen rub the knife edge 
tlirough their hair every few minutes as they pro- 
ceed, this perhaps imparting to the ed^ a lubricant 
that makes cutting easier. The chalk line is used for 
making straight Imes. Some linoleums are uncer- 
tain, and ihay expand considerably after laying. 
The variety Imown as cork carpet is imrticularly 
liable to this defect. For this reason linoleum 
is sometimes not tacked into place for a week or 
more after it has been laid, so that if stretching 
takes place, sufficient may be cut off the edge to 
make a perfect fit. The edges of linoleum are 
tacked to the floor with thin brads, these being 
placed as close to the join as possible, and being 

E at at the same spot on opposite sides of the join. 

inoleum bordering is mitred in the same way as 
carpet bordering. 


Upholstery concluded; followed by Fire Extinctiok 
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PAPERS, FABRICS & STENCILS 

Group 8 

DESIGN 

Designing for Wallpapers and Printed Fabrics. Block and Machine Printing. 

7 

** Sanitary’’ Papers. Stencillings Designing, Cutting and Printing Stencils 

Continued from 
page 6596 


By H. NAPPER 


* I *HE covering of wii^ presents to the designer 
^ the largest field for the use of repeating 
pattern. There is very little technical difficulty 
to contend with compared with designing for 
carpets or woven fabrics. 

BlocK-pHnting Wallpapers. This is the 
simplest a^ most artistic way of getting a re- 
peated pattern. It is also the most expensive, 
not in the actual preparation, but in the time 
taken (by the printer) in producing the finished 
paper, it is necessary bemre starting the design 
to decide whether it is intended to use it for 
printing in transparent or solid colour — that is, 
whether the pattern is to be printed light 
on dark, or the reverse. Whichever is chosen, 
paint the design the way in which it will be 
printed — that is, do not paint in the ground if 
the pattern is to be printed, but paint solid the 
part that should represent the part of block 
which carries the colour on to the paper. The 
designer will then not be so likely to make dots 
or enclosed spaces, which would M up when the 
block is placed on the colour pad and spread into 
a sohd mass when applied to the paper (80]. 

The design, when bought, will be handed over 
to the block-cutter, who will trace and transfer 
the drawing on to a wooden block the size of the 
repeat — ^that is, if it is not larger than 21 in. by 
24 in. (21 in. by 21 in. is the most convenient size). 
If the design oe smaller than this, endeavour to 
repeat it twice in^ height, so that, two repeats 
can be produced by the same, impression. To 
draw designs for, say, 14 in. or 15 in. in height 
too large when double for the printer to handle 
conveniently, would mean a third more time and 
labour than in printing a piece of 12 yd. He will 
then, after colouring with a strong colour the 
shapes transferred to the block, cut away the 
ground, leaving the design raised. The same 
process will follow for every colour used, be it 
outline or mass. Small points will be left at the 
comers of the block, raised a little above the 
ornament, to enable the block to register and 
keep it firm on the printing table. 

A Primitive Method. The blocks will 
be handed to the printer, who sits with a 
table in front of him, colour pad at the side. 
The block is then attached at the centre 
of the back to a lever, which is balanced so 
that he can easily place the block on the pad 
(which is coloured for every impression by his 
boy), and when charged with colour, place in the 
right position on the paper. With his foot pressed 
on a lever he brings sufficient weight down on 
the block to get a clear impression. 

Only one colour is printed at a time. The paper, 
passing' up to the ceiling on rods, is allowed to (ky 
before other colours are added. 


Two colours can be printed from one block if 
necessary by arranging, say, groups of flowers, 
so that they are well away from each other to 
allow different colours to he easily applied to the 
surface of block or on the colour-pad. 

The effect of colour printed from the wooden 
surface is richer, fuller, and softer than when 
printed by machine. Especially is this the case 
when transparent colour is used ; the texture or 
^ain is very beautiful, and would not repeat 
itself in the next impression. Only the best 
quality of paper is suitable for block, owing to the 
lightness of handling compared with machine ; 
it has not the tendency to destroy the surface or 
original texture. 

Machine Printing. The method of print* 
ing by machine is entirely different from block. 
The design is traced and transferred to rollers, 
the circumference of which corresponds to the 
height of the repeat. An outline is then punched 
into the roller with strips of brass in varying 
thicknesses to give the variety of outline. The 
process is repeated with the rollers representing 
masses of colour, an outline first being made with 
brass, then filled in and felt added to the printing 
surface. It will be seen that this is a costly and 
difficult process — in some cases ten or twelve 
rollers are necessary. The rollers, when 
finished, are made to register — that is, to fit 
exactly into the proper place for printing. The 
method is much cheaper than block printing, 
for the machine produces miles of paper print^ 
with the finished design. 

The plain paper passes round a large dmm, at- 
tached to which are the smaller rollers with the 
pattern ; revolving against it, printing and at the 
same time re-charging with colour for the next 
repeat. 

Tlie whole pattern is, of course, wet, the rollers 
following so quickly that, although the rooms are 
heated, great care must be taken that too much 
of one colour does not fall upon another. Two 
colours that in block could be printed one over 
the other, must, in machine, be made to fit even 
so that a slight running together will result. 
Should a light outline be required, the filling-in 
colours must be about kom it. There is 

not so much difficulty with a dark one, owing to 
the medium being thicker. 

Engraved Rollers. This is the process 
commonly called “ sanitary.” This name was a 
|;reat mistake from the artistic point of view, for 
it is capable of most beautiful results — in fact, 
almost anything can be represented in the matter 
of gradation and colour. The rollers are of copper, 
upon the surface of which the pattern is engraved 
by a series of punctured dots, giving, by their 
scarcity or density, the depth of colour required. 
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If two or more ^Tollem^jf^ used, more than two or 
three <5jffeientJ cblouni. VoBtem^ The 

colour J^ing traiwparent, one can print over the 
other, aiid^give various t^es oLthe niixture. 

Thus, 'blue roller printed o^ver yellow would 
give a series of greens ; blue over red, purples, 
etc. Care should 4)^ taken not to^de^ndtoo 
much on the mixtures, for, owing to the great 
pressure of the rollers, the colour is liable to 
become muddy. . The whole surface of the roller 
receives the colouf, but before meeting the 
paper a scraper cleans the smooth parts and 
leaves the colour only in the pimctured surface. 
Large surfaces of dark: colour acroM the design 
should be avoided, as these pai*ts would tend to 
wear away owing to the action of the scraper. 
The sizes of rollers vary both in surfac^e and 
engraved printing. Those in ordinary use vary 
from 15 in. to 2f in. in circumference. In engraved 
work small patterns which repeat often in the 
width of 21 in. are engraved mechanically, 
saving tedious labour. 

Hints for Wallpaper Design. In 

preparing designs for wallpapers use strong 
paper so that it will bear the rough handling 
of the cutter and printer. Use solid colour for 
block and machine, and keep the work on the 
hard side, leaving nothing to chance. This will 
enable the cutter to interpret the work better. 
For engraving use w^ater - colour, but let the 
gradations have distinct tones so that the 
engraver can easily trace them. 

In 27 and 28 there is given a small piece of a 
design showing the difference between a block and 
machine print. The outline of a block is inclined 
to spread and give a fat look, but w'ith machine 
it is inclined to shrink and give a thin look, 
the speed of printing, of course, tending to give 
this effect. Part of the same design [29] for en- 
graving shows the graduated effect with one roller. 

Printed Fabrics. The printing of pat- 
terns on fabrics — velvets, cretonnes, silks, mus- 
lins, etc. — is in some way similar to the printing 
of papers. There are two distinct methods, 
block and machine. The same qualities of rich- 
ness are produced by the hand block and the 
beauty of the original material is preserved 
to a far greater extent than in papers. It is 
impossible to produce by machine the velvety 
depth or flooding of colour which is the charac- 
teristic of block printing, owing to the material 
having to be of a smoother and harder nature so as 
to pass through the machine in an even manner. 
The breadth of rollers for machine is generally 
.30 in. for piece-goods (printed curtains run 
to much larger widths), but with block-printing 
a greater variety of widths can be used, thus mak- 
ing it of greater value for commercial purposes. 

Block Fabric Printing. Block work 
is, of course, more expensive than machine 
owing to the time taken in printing and to the 
better material used, but its lasting powers are 
far greater, and for hangings nothing can be 
better. The material is generally pasted or 
strained on large tables, and the repeat set out 
as shown in illustration [85]. It will be seen that 
there is a different method of handling the 
blocks compared with paper printing. There is 

6726 


no way of reducing the weight of block, the 
entire weight being lifted by. the prater and 
placed in position. This Umits the size of the 
pattern, 10 in. by 16 or 18 in. to 15 in. 16 in. 
being quite large enough for the printer to handle 
comfortably. If larger repeats are required, say 
16 in. by 30 in., two sets of bloclm must be used, 
thus doubling the cost of cutting and adding to 
the time of printing. 

Varieties of Deeign for Block Print- 
ing. Care should be taken not to make the 
work too fine, and also as to the number of colours 
used ; over-printing is sometimes an advantage, 
but should be ui^ sparingly, as it tends to limit 
the range of schemes — ^the extra colours made 
are called “ supers.” If possible try to arrange 
the pattern so that it will look complete without 
the ^oiind — that is, arranging for the principal 
part to be printed, say, in four colours, reserving 
two for extra effects. Use these to get darker 
effects by the addition of a pattern on ground 
which enables the manufacturer to produce two 
changes in appearance by the same design. 
Should the same blocks be used for velvet, 
requiring a dark ground, a still richer effect can 
be obtained by adding another block. 

Another use made of block is in the printing 
of patterns for bed-spreads, table-covers, hang- 
ings, and other fabrics, in which a large surface 
of colour is required with borders, etc., in light 
colour [see illustration 84 to discharge or resist 
printing]. By the use of, say, two blocks, 
one for comer and the other for repeating 
patterns, an endless pattern can be made to 
work on any size material. The light part is left 
up on the blocks and is printed on to the raw' 
material with chemicals which resist the action 
of colour. When printed the whole piece is dyed, 
leaving the pattern in the untouched ground 
colour of the material. 

Machine Printing on Cretonne. The 

method used for this fabric is somewhat similar 
to the engraved process for wallpapers. The 
pattern is made on copper rollers, several tones of 
the same colour being obtained from each roller 
by means of lines or dots called “ stippling.” 
Tne illustration [88] suggests how the tones are 
worked by the engraver. It is not necessary to 
work the design in this manner. The exact 
shapes required can be painted in in water-colour, 
for although it will be made with dots and lines, 
the result will be a flat tone when prinUni, owing 
to the necessity of having always underneath 
a first roller to soften the material. 

The design can be made to repeat in full width 
of rollers or any equal division, but the height or 
circumference of rollers in general use should be 

15 in., unless otherwise stated. In making a 
desra for ordinary or all-over patterns, the b^st 
method is to plan it on the diamond or lozenge, 
30 in. by 16 in., to give greater freedom [36J. In 

16 in. this becomes a drop, but for conventional 
work it is better to plan the drop in squares [87]. 
Reversible cretonnes are made by machine — ^that 
is, with a clear print on both sides of the material. 

Stencilling. For the young designer, 
decorator, painter, or any other craftoman there 
are few crafts as interesting and instructive as 
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stencilling. In all the other branches of decorating 
by means of pattern, the designer, as a rule, has 
no control over its production ; but with sten- 
cilling he can be d^gner, cutter, and printer. 
The production of the plates is so simple and 
inexpensive that the decoration can be planned 
and completed in the room or house in which it 
is requir^. Take the stencilling of a frieze [40] 
as an example. The interesting or the largest 
part of the design can be arranged in the centre of 
the wall, and the motive altered in colour or 
simplified in design, so that when the comers 
are reached, the effect of overcrowding can be 
saved, and the decoration given the appearance of 
having been produced specially for the room [38]. 
The same plates can sometimes be used for door 
panels or screens, giving quite a different effect. 
It is quite easy to stencil on almost every kind 
of plain fabric, such as muslin, arras cloth, 
linen, or velvet. 

Designing for Stencilling. As an 

example of preparing a design for use in pure 
stencilling a frieze may be taken which is to be 
worked with three plates. By a little arrangement 
one or both of these plates can be made to give 
two distinct colours. The best method is to 
decide on some simple arrangement and plan 
out roughly the masses of colour w ithout much 
thought regarding the drawing. Keep them as 
large as possible so that there is plenty of scope 
for graduating the colour, the great charm of 
stencilling being the accidental effects. 

For the first plate, flow^er and leaf can be 
arranged together, reserving the second and third 
plates for the background [39J, Now take a solid 
white, and begin to give the shape you require 
to the flower, etc., by painting an outline on the 
masses of colour. This serves tw'o purposes, 
giving shai)e to the pattern and strength to the 
plate. Break up the mass as little as possible, 
and see that the full amount of expression is 
obtained for every line. These lines are called 
ties. Do not be afraid of them or paint them 
out afterwards, for this is a sign of the inoom- 
ptent craftsman. Treat the background plates 
in the same way, but give them an entirely 
different effect, either giving a lot of even detail 
or making them almost plain. 

Cutting the Plates for Stencilling. 
Take a i)iece of tracing-paper (fairly strong, 
for it must stand a good deal of rubbing), 
and make a careful tracing, outlining each 
side of the ties. This is very essential in 
order to save the trouble of thinking of the 
part to be cut. Then take four pieces of cart- 
ridge paper (thick), being certain that they are 
much larger than the design. In one of them put 
two drawing-pins, point up, at top and bottom 
of paper — mis is for the registration of plates 
to ensure their fitting exactly — then place the 
other piece on the top and press the pins through. 
Do the same with tne tracing, and it will i»ve 
much unnecessary trouble. Now rub the tracing 
oil to the three plates, taking care, that the 
trac-ing is exactly in the same noje^^ "Start by 
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cutting the flower-and-leaf stencil-plate first. In 
doing so, place the paper on a piece of t^bk glass, 
and with an ordinary Imife cut out the parts 
enclosed by a line. Care Bhou.l(l be taken to cut 
away from the comers m every case, so that 
slippmg across the ties is avoided [ 42 ]. 

When the cutting of the first stencil is com- 
plete, lay it on to the backgmund plate, and 
stencil through the cut ports to verify its fitting 
exactly; proceed with the second plate in the 
same way. Afterwards give the plates a coat of 
knotting or varnish on both sides, and allow them 
to dry thoroughly. 

Practical Stencilling. Almost any medium 
can be used in stencilling — water-colour, oil, 
tempera, etc. For small work water-colour is 
the best. When once the difficulty of prevent- 
ing the colour from running too freely from 
the brush has lioen mastered, always use large 
brushes [«]. even for the finest work ; they 
cover the ground more quickly, and give the 
colour a better texture. Never by any chance 
allow the brush to go directly into the colotir. 
Mix the colour rather thick, place it in a saucer, 
on the top of which put a piece of clean flannel, 
and charge the brush by rubbing it on the top 
of the flannel. By this means the colour will be 
taken up evenly, and too much moisture, which 
would have the tendency of running underneath 
the ties, will be prevented. Cut on the plates 
a small piece more than is required [see petal 
of flower in 89a], bo that if the design runs 
along it can be seen at once whether it fits into 
the right place. 
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THE WORLD’S MINERALS 

A Lift of the Importtot Minermlt and Mineralogical SynonTint, Giying Their 
Chemical Composition, Physical Properties, Products, Uses, and Other Particulars 


By a G. STUBBS 


'T'HE purpose of this article is to give in oon- 
* venient form a comprehensive account of the 
characters and uses (if any) of all the important 
minerals. The 1,300 names and synonyms given 
in the pages followup are not equal to more than 
one-third of the minerals dealt with in Dana’s 
wonderful “ System of Mineralogy,” but the two- 
thirds here omitted are not important economically 
or mineralogioally. Rocks are not dealt with here. 
They are mixtures of simple minerals, and particulars 
of them will be found in other pa^ or in any 
good work on petrology or petrograjmy. 

Important synonyms of the minerals dealt with 
are included in the tables and are indicated by the 
italic 3 (synonym) ; for particulars of these, reference 
is to be made to the name given. Where a mineral 
is a more or less closely related variety of a 
more important mineral, this fact is not^, the 
italic r (variety) being used. 

In the second column the chemical formula or 
chemical composition is indicated by means of the 
ordinary symools and formulas of chemistry, which 
are fully explained in the course on Chemistry. 
Where possible the structural formulse are given. 
Where it is not possible to assign a definite formula 
the constituent compounds or elements are given. 
Elements enclosed in brackets and separate by 
commas can, and do, replace one another without 
altering the crystalline form of the mineral. 

Physical Properties. All minerals vary 
greatly in colour, generally on account of 
accidental impurities derived from the rock or 
other environment in which they occur, and the 
colours given here are those which ore most usual. 
In the murth column are stated the approximate 
specific gravities of the minerals. Where the limits 
are somewhat wide they are noted. For methods 
- of determining gravities of minerals see Precious 
Stones, page dfes ; much of the information 
appCiTring there as to the physical properties of 
stones applies equally to other minerals. 

The figures denoting the hardness of the minerals 
are those of Mohs’ scale, which comprises ten 
degrees of hardne.s8, the following being the tyjiical 
minerals : 

1. Talc 6. Felspar 

2. Rock salt, or gypsum 7. Rock crystal (quartz) 

3. Calcite 8. Topaz 

4. Fluorsjmr 9. Corundum 

r>. Apatite, or glass 10. Diamond 

This scale is entirely arbitrary, and the value 
of the degrees varies greafly, the difference be- 
tween 10 and 9, for instance, is much greater than 
that between 9 and 8 [see also page 5^2 J. 

Crystalline Systems. The system of 
crystallisation to which the mineral belongs is indi- 
cated by the Roman numeral in the sixth column. 
The six systems are ; 

I. Isometric (Cubic, or Regular) ; 

II. Tetragonal (Pyramidal) ; 

III. Hexagonal (Rhombohe^al) ; 

IV. Orthorhombic (Rhombic, Ti^etric) ; 

V. Monoclinic (Monosymmetric, Oblique) ; 

VI. Triclinic (Asymmetric, Anorthic). 
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Althoujprh crystals occur in very many geo- 
metrical forms, it was early seen that many of these 
wore merely modifications of simpler forms, and 
ultimately, as the result of the birth and decease 
of many ingenious theories, it was shown that 
all these modifications might be referred to 
the six simple systems given above, and, more- 
over, that, as the result of the mathematical 
laws of symmetry, no more than six simple 
systems are possible. 

The Principles of Cry*lal Systems. 

These systems ore based on the relations of the axes 
of the crystals — imaginary lines connecting opposite 
points, such as opposite comers or the centres 
of opposite faces. In the first system, the 
Isometric, or Cubic, the axes ore all equal, 
and cut one another at right angles. This is 
the simplest and most re^ar eastern, and ex- 
amples of it are common salt and fluorspar, which 
crystallise in the form of a cube. In the Tetragonal 
system only two of the axes are equal, but all 
intersect at right angles. The precious stone 
zircon is an illustration of this system. Other 
systems are considered to have only three axes, 
but the Hexagonal, or Rhombohedral, has tlwee 
axes intersecting at 60°, and a fourth cutting 
these at right angles. In the Orthorhombic or 
Rhombic system none of the axes are equal though 
they cut one another at right angles. The majority 
of minerals fall into this class, of which baryta 
and topaz are representatives. Monoclinic or 
Monosymmetric minerals have all their axes 
unequal and only two of the axes intersecting at 
right angles. Quartz takes this form. The sixth 
system, the Triclinic, or Anorthic, is, as its 
second name indicates, entirely irregular. None 
of the axes are equal and none intersect at right 
angles. 

Abbrewiations Used in the Tables. 

Some minerals are not found crystalline. These 
are indicated by the abbreviations Am., Amorphous ; 
Me., Micro-crystalline ; Mass., Massive. In the 
seventh column are a set of abbreviations indi- 
cating the appearances of the minerals. These 


are : 
A 
B 
D 
E 
F 
G 


Adamant 
Brilliant 
DuU 
Earthy 
Fibrous 
Qieasy 
G1 Glinting 
O Opaque 
M Metallic 
P Pearly 
R Resinous 

In the eighth column are given very briefly the 
products, uses, or other particulars of the minerals. 
The products are given first, and are followed 
either by the uses or other particulars. 

For a ohemioal classification of the minerals and 
for a short account of the principles of mineralogy 
and crystallography reference should be made to 
the course on Oeoloov, page 765. 


Sa 

Sm 

Sv 

Tc 

V 

w 


Silky 

Bub-adamnnt 

Sub-metallic 

Splendent 

Sub-vitreous 

Translucent 

Transparent 

Unctuous 

Vitreous 

Waxy 





MineraJi. 

bhemicAl foriutiloB 
' or ooinpoaitlon. 

Colour. 

BAi. 

u. 

c.s. 

Appeur- 

aiiL-e. 

Product*, uMi, or other 
remark*. 

ABIOHVTB, «. Clinoclase 
Abrazlte, $. Oiemohdite 








Acantliite 

AgS 

Iron- black 

7'33 

2 5 

IV. 

M. 

•Similar to Argentite 

Acerd6ge, «. Idanganlt^ 
Achirito, «. Dioptase . . 
Achmatite, «. Kpidote. . 
Achrematito 

Yellow to red 

6*9 

3-4 

11. 

— 



PbsAsgOs and 

Found in Mexico 

Pb2MoOfl 
Very complex 


Achroito 

Colourless 

30 

7 - 74 . 

III. 

V. 

A tourmaline 


silicate 





See p. 6856 

Achtaragdit/O 

8iq2,Mgq, 

Fe203,Ai203 

Ash-grey 

2-32 

2-2-5 

I. 

”- 

A pseudomorph 

Adoulit€> 8. Aikiiiito 







[present 

Acmite . . 

NaFetSiOaW 
(Ca,MgO, FeO)Si 

Brown or black 

3-5 

6 

V. 

0. 

Mn or Ti may be 

Actinolite (Hornblende group) 

Green to black 

— 

— 

IV. 

Tc. 

Found in Scotland , 

Adamantine 8par,«. Corundum 

— 

Hair-brown 





r Sweden, North 







L America 

Adamite, Adamine 

(ZnOH) 

Honey-yellow 

4*34 

3*5 

IV. 

Tp. 

Vitreous lustre; ZnO 

ZnAsOa 

to violet 





(66 per cent.) 

Adularia, v. Orthoclase 

Al,K,Na,8i;,08 

Almost colourless 

2-33 

6 

V. 

Tp. 

If blue opalescent. 





Tc. 

called Moonstone 

iKdelforsite 

— 

~ 

— 

_ 


— 

Impure Wollasto- 
nite 

Mn and Mg may be 
present 

Essentially a titaiio- 
silicate ; very rare 

A?girite, ^igyrite 

NaFe(Si 03)2 

Greenish black 

3*5 

5-5 

V- 

0. 

.flnigmatiio 

aa 

Black 

3-8 

r»‘5 

VI. 

0. 

.firosite, «. rj rargyritn 
.Eschynite 

Ni,Ta,Ti, 

Ce, Th, and La 

Iron-black 

4-9 

5-0 

JV. 

0. 


Agalmatoiite (Figure 8tone) . . 

AIKH, SiaOn 

Various 

2-8 

2-3 

IV. 

Tc. 

Carved by Chinese 

Agaric mineral, Kock milk 

CaCOa 

White 

2-7 

— 

III. 

— 

Very soft; deposited 








in caverns 

Agate, V. Quartz 

Si02 

Variegated 

2-65 

7 

111. 

— 

Banded chalce- 







donies. See pp. 
767, 5852 


Agate Jasper, v. Quartz 

Si02 

Variegated 

2-6.3 

7 

III. 

— 

Is jasper with dial- 





V. 


cedony veinings 

Aglaite . . 

SiOaAloOa 

— . 

313 

6*5-7 

V. 

A variety of Spodu- 








mene 

Agnesite, Bismuthite . . 

Hi2G3.C02 

White, green 

6-9 

4-4*5 

Am. 

E. 


Agricollte 

Bl4(Si04)3 

Colourless to 
yellow 
Iron-black 
Blackish-grey 


5 

I. 

A. 


Aguilarite 

Aikinite (Needle-ore) . . 

(PbBl!§ul3)2 

7-59 

6*7 

2*5 

2-5 

I. 

IV. 

M. 

M. 

Bismuth 

Alnallte, v. Cassiterlte . . i 

Aitlmlite, 8. Asbolite 

SnOg 

— . 1 

1 

60 

6-7 

II. 

M. 

Tin 

Akontite, 8. Claucodote 1 







[8. America 

Alabandite, Alabandlne . . ' 

MnS 

Iron-black to grey 

4 

3*5 

1. 

0. 

1 Manganese ; found 

Alabaster, v. (jypsum . . 

Ca804,2H20 

Colourless, white j 

2*2 

1*5-2 

V. 

Tp. 

1 Ornamental carv- 



and various ' 





} ing.pp. 1169,1721 

Alalite, v. Diopside . . 

CaO.MgO.SIOj 

Greyish white I 

3-3-5 

5-6 I 

V. 

Tp. 

Augite derivative 

Alaskaite 

(Pb,Ag)8.Bi2Hy 

Grey 

6-8 

3-4 


M. ! 


Albertitc, v. Coal 

! C,H,N,and () 

Velvet- black 

— 

— 

— 

A. i 

Found Nova Scotia; 

Albiiie, V. Apopbylllte . . 

1 CaC 03 (HK)Si ()2 

White 

2-3 

4*5 

II. 

0 . 1 

[gas-making 

Alblte (Felspar group) . , 

1 Al(Na,K)Si 30 t, 

Colourless 

2-6 

6 

VI. 

V. 1 

Fine-pottery manu- 

1 8i;,02 






facture, p. 768 

Alexandrite, r. Chrysoberyl . . 

BeAl204 

1 

Emerald green 

3-68 

! 8-5 

IV. 

Tc. i 

Precious stone, pi). 





5853. 5855 

Algerite 

AUaetite 

1 KAl( 8 i 03 )CaC 03 

Yellowish 

2-7 

3 

n. 

Tp. 

Altered Scapolite 

Mn7(OH)«(A804)2 
! RaSijOa.RaBiOfi 

Brownish red 

3-84 

4*5 1 

1 V. 

V. 

Manganese 

Allanite 

Black 

3-4 j 


V. 

V. 

R may be Al, Fc, 




1 



Ce, La, Yt 

Allemontite 

SbAsa 

, Various 

6 1 

3*5 ; 

III. 

M. 

Antimony and 







arHenle 

Allophane 

Al2Si05.6H20 

Various 

1-8 i 

51 i 

Am. 

V. 


Alluaudlte 

Mn0,P20a 

Brown 

3*4 1 

4-5 

IV. 


Is altered TripUte 


FcoOa 

Al2Fe;, (8104)3 


1 




, carbuncle 

Almandine (Precious Garnet) 

Red 

3-9-4*2 

7 ' 

1 I. 

Tp. 

, Precious stone as 

Almandite (Common Garnet) 

Al2Fe3(Sl04)3 

Reddish-brown 

3'9-4-2i 

7 

1 

Tc. 

1 Sand or garnet- 

Alstonite, Bromllte . . 

(Ca,Ba)C08 

White 

3-7 i 

4 

I 

! IV. 

V. 

paper 

Found with W ither- 
ite 

A telluride 

Altaite. . 

! PbTe 

Tin-white 

81 i 

3-25 

1 I. 

B. 

Alum, 8. KaMnite 

KAl(S04)2l2H20 

White 

1-75 ; 

2 

I- 

V. 

See index ; al8o 



1 


1 


Mendozite, infra 

Aluminite 

Al 2 O 3 . 8 O 3 . 9 H 2 O 

White 

2-6 

1 

V. 

I). 

Found in clay beds 

Alunite, Aliiinstone .. 

K(A10)3(804)2‘ 

3 H 2 O 

Various 

2-6 j 

4 

IV. 

V. 

Fine-alum prepara- 
tion 

Alunogen, «. Keramoliallte . . 

Al2(804)8.18H20 

Wlilte 

1-7 

2 

V. 

8. 


Alurgite (Mica group) 

CTontains Mn 

Purple 

2.9 1 

2-3 

— 

P. 


Amalgam, Native 

Ag,Hg 

White 

10-6-14: 

3 

I. 

M. 

Silver 

Amazon stone, r. Microcline. . 

(K,Na)Al28i308 

Green 

2-65 ! 

0*25 

VI. 

V. 

1 See index 

Amber 


Yellow, brown 

1 

2*5 

Am. 

W. 

Is a fossil resin 

Amblygonlte 

Ambrite, s. Retinite . . 

Whito to green 

3-1 

6*5 

VI. 

V. 

[gum 

C.H,0 

Yellowish-grey 

1-03 

2 

Am. 

G. 

Resembles Kauri 

Ameslte, Clinochlore 

H4(Mg,Fe)2 

Apple-green 

2-7 

2*5-3 

— 

P. 

Occurs with Dia- 

Ametbyst, v. Quartz . . 

(Ca,Mg,Fe)Si 03 

Purp^j ^^ellow 

2*6 

7 

m. 

8. 

spora 

Precious stone 

Amianthus, 8. Asbestos 

8*2 

5*5 

V. 

F. 

Variety of Serpen- 







tine 


6731 




Cheialc«3 fonnolM 
or eompoalfelon. 


Amphlbole f . Hornblende 

Amphigene» f . IieucUo 
Analcit«, Analoime 

Anatase 

Andalusite 

Andesine (Feltpar groap) 
Andeeite, a. Andesine 
Andradlte (Garnet group) 
Anglesite " 

Anliydrite 

Animikite, V. Dyscrasite 


Annabergite 

Anomite, v. Biotite 
Anortblte (Felspar group) 
Anthophyllite, Antholite 
Anthracite 
AntilUte 

Antimonite, a. Stibnite 
Antimony glance, t. Stibnite 
Antimony 

Apatite 

Aphanesite, s. Clinoclase 
Aphrodite 
Aphroelderite , . 

Aphthitalite .. •• 

Apjohnite . . . • 

Apophyllite 

Aquamarine v. Beiyi . . 
Aragonite 

Arcanite, a. Aphthitalite 
Ardennite 

Arfvedaouite (Horn-bieude 
group) 

Argentite (Silver-blende) 
Argyrodite 

Arkansite r. Brookite 
Arksutite, #. ChioUte 
Arnimite r. Herrengrimdite 
Arquerite v. Amalgam 

Arsenic 

Arseniosiderite a. L^llingite 
Arsenolite 

Arsenopyrite, a. Mispickel 

Asbestos (Hornblende group) 
Asbolite, Asbolan. r, Wad 
Asmanite 

Asparagus-stone, a. Apatite 
Aspasiolite 


Asphaltum 

Astrakanite, a. Blbdite 
AstrophylUte . . 


(lCg.Fe:iCa 

(8K)8)4 

AlNa(SI0a)a.H20 


reaCaa(Sl04)3 

PbS04 


I AgaSbo 

I (Ca,Mg,Fe,Mn) 
0O« 

I Ni;j(A804)2.8H20 

AlCaSiaAIOs 

Mg.Fe,SiO« 

C ; H, O, etc. 
Sia2,MgO,reO 


Blackish 8*1 5*8 V. 


White, red 2*2 6*5 

Various 8*9 6 

Whitish, reddish 3*1 7 

Various 2*68 6*5 


White, reddish 
White 

Grey, white 
Apple-green 


White, grey, red 2*76 

Greyish 8*15 

Black 1*7 I 

Greenish-brown 2*52 I 


9*46 8*5-4 ! 


Sb 

3Cayp208,CaF2 


MgSiOa.Hjjp 

Fe,Al,Si05,H20 

(K.Na2)S04 

MnS04.(Ai2SU4)3 

Ca 4 ,K.Si 03 .H 20 

Al2Be:i(SlG3)6 

CaCOj 

Mn4vAl4,VSI05 

Fe^gr^a-Ca, 


(Agy8)j.CieS2 

TiGa 

CuO^SOaHjO 

AgwHg 


(CaMgFelSiCHt 

Co(Fe,Cu)0 

SiO-j 


Tin-white 
All colours 


White 

Olive-green 

White 

White 

White, yellowish 
Green, bluish 
WThite, grey, etc. 


Lead-grey 

Greyish-black 
Bed, brown, etc. 


W'hite 

Greyish-black 

W’hite to brown 
Bluish-black 
C’olotu’less 


2*52 3*5-4 — I — 


2 - 

2- 2*5 j — 

3- 8 5 I III. 
1-5 I V. 
5 I II. 
7*5 III. 
4 IV. 


6*5 V. 
2*25 Am. 


Si.A],Fe,Mg Greyish | 2*7 7 I — 

oxides I I ’ 

t'uHisO Black to brown I i*6 1*25-2 Amor. 


B,R-jTi(S04)4 Yellow to gold i 3*3 

I 

Cu.j< IHaOj Emerald green | 4*1 


Atelestite 

Atopite 

Augite (Aiigito group) 


Auriehaleite 

Autunlte, Calcouratiite 

Avanturiiie felspar, v. Oglio- 
clase ; 

Axinite . . . . .. . .1 

I 

Azurite, Chessyiite .. ..I 


BABINQTONITK . . 

Baltimorite, a. Berpentine 
Barceiiite 

Barsowlte, v. Aiiorthite’ 
Bar>'litc 

Barytes (Heavjr-spar). . 
Barj’tocalcite . , 


H2Bi;iAsO»i 

t'a^SbjOr 

A10;;.MgAISi0j 

(Zn,CuKOH).. 

CO« 

(r02)2(a 

(P04)2.»H2G 

Al;t,Na,Ca, 

SisOiH 

H2C*a,Fe,Hn, 

^.(Hi04)» 

(CuOHhAiu 

(COa).., 


(Ca,Fl,Mn)Hi03 Greenlsh-blaok 


Yellow 

Yellow 

fireylsli 


Greenish-blue 3*7 2 

Citron yellow 31 2 

Orcyisli- white 2*56 6 

Brown, grey 3*3 7 


Sb,S,Hg,Ca320 

CaAi2.SI.2OH 

(Ca,Ba)C’Ou 


Dark grey 
White 
Colourlesi 
Varies 


WThite, yellow 8*6 


6*8 6*5 — 

2*58 5*5-6 IVorl 
4*03 7 — 

4*8 8 IV, 

8*6 4 V. 


Many compounds; 
chief asbestos 


Titanium [ohrolc 
Very strongly di- 
Belated to Albine 
[and Anorthite 
Common garnets 
Lead (68 per cent.), 
p. 5985 

An anhydrous gyp- 
sum 

In arsenical silver 
ores 

Dolomitic 


See p. 768 

[coal 

Hard, smokeless 
Similar to serpen- 
[tlne 

Rarely crystalline 
Phosphoric acid, 


L manure 

Resembles Sepiolite 
Chlorite group 

From S. Africa 

[/Sec p. 6855 
Precious stone 
Resembles Calcit? 


Important silver 
ore 

Germanium 
Titanium ; from 
[Arkansas 
From PlauniU 
From Clhili and 
Brit, Columbia 
For uses see index 
[arsenic ” 
Commercial " white 
Arsenic (46 per 
cent.) 

See Chrysolite 
Cobalt 


A pseudomorph of ' 
lolite 

Paving, covering, 
etc. 

Els H,Na,K;%. 
Fe, Mn, Ca, Zr 

Copper (59 per 1 
cent.) 


Resembles horn- 
blende, pp. 768, 
1009 


In jewellery as 
Suiistone 


Coppeit p. 4127 


Cornish iron ore 


Corundum gangue 

White-lead subeti- 
ftute; pigmenta; 
Lpapw-making 


6732 





Minexmls. 

Cbeiiiloal fortnulai 

C!olour. 

S.O. 

H. 

c.s. 

Appear- 

Product*, luen, or other 
remark*. 

or oompoaltloii. 

auce. 

Basaltlo hornblende 

(Mg,Ve)2v4l203, 

'Rlfu>k 

81 

6*5 

V. 




sioir 







Basanite. Lydian etone 







BastnAslte 

f(Ce,La,Di)F] 

Yellowish-grey 

4*9 

4*5 


V. 

Ce, La, Di ; from 


co« 




emerald mines 

Bauxite 

AI 2 O 8 - 2 H 2 O 

Whitish, etc. 

2*5 

3(?) 

Oolitic 

E. 

Aluminium ; alum 

Beauxite. Bauxite 





r mfr. ; fire- 

Beegerite 

Bell-metal ore, s. Stanuite 

PbflBiaSe 

Grey 

7-2 

“7 

I. 

M. 

L bricks, crucibles 

Bernstein, s. Amber . . 
Berthierite 

FeSb2S4 

Greyish-black 

41 

3 

Pr. 

M. 


Bertrandite 

4Be0.2Si02. 

Colourless 

2*6 

6*5 

IV. 

V. 



H,0 






[stone. See p.5855 

Beryl (Emerald) 


Green, blue, etc. 

2-7 

7*5 

III. 

V. 

Flawless, as precious 

Beryllonite 

Colourless 

2*84 

6*76 

IV. 

V. 

1* rom U .8.; precious 








stone 

Berseliite, Kiihnite, Pyrr 

(CaJifg,Mn, 

White to yellow 

40 

5 

I. 

R. 


harsenite 







Bcrzelite, a. Mendipile 

White to yellow 

71 

3 

IV. 

A. 


Bieberite 

Biharite «. Agalmatolite 

OoSO^.THaO 

Rose-red 

1-9 

2*6 

V. 

8. 

An efflorescence 

Blndheimite . . 

Pb38b20rt.4H/> 

White, grey, etc. 

4-7 

4 

Am. 

R. 

Cu often replaced by 

Binnite, a. Tcnuantite . . 

Cu«A8^9 

(Mgi2,Fek(K3,H>2 

(A77,Fe)2(8l04)3 

Dark grey 

4*47 

2*75 

I. 

M. 

[Ag to 14 per cent. 

Biotite . . 

Black, brown 

2*9 

2*5 

V. 

P. 

Stained with FeO; 







commercial mica ; 








electrical appara- 
tus 

Bismito (Bismiitl) uehre) . . . . 

BiaOa 

Greenish-yellow 

4-3 

— 

IV. 

A. 

Naturally non- 


Bi 





crystalline 

Bismuth 

Bismuth blende, a. Kulytlte 
Bismuth glance, a. Hismutliite 

Silver-white 

9*7 

2*25 

III. 

M. 

Alloying metal 



Bismuthinite . . 

Biatia 

Steel -grey 

6*4 

2 5 


M. 

Bismuth ore 

Bismuthite 

BlaOnCOa-HaO 

Grey, yellow. 

6*9 

4 

Am. 

D.Gl. 

Bismuth ore 

Bismutosphserite 

Bitterspar, a. Dolomite 
Bitumen, a- Asphalt^iin 

BiaCOs 

Yellow to grey 

7*3 

3-3*5 

Sph. 

— 

Fibrous structure 

Black co])per, ». Mclacuuite 
Black-Jack, a. Blende 








Blende 

ZnS 

y ellow', red, green 

4 

4 

I. 

A. 

Most important zinc 

Blddite 

Mg804.Na«S04 

(Colourless 

2*2 

2*5 

V. 

V. 

lore, 60 per cent. 

Bloodstone, v. Quartz 
Blue-stone, Blue vitriol, a. 

SiOa gnd FeO 

Green 

2*7 

7 

Me. 


Has blood-like spots 
[of red 

Chalcanthite 







Boart., imperfectly crystalliHed 


Black 

— 

10 

I. 

— 

Diamond-cutting 

V. Diamond 







powder 

Bog iron ore, impure v. Limon- 

Fea<J;i,HaO 

Brown to yellow 



Am. 


Contains organic 

ite 






substances; foun- 

Bog-manganese, a. Wad 







fdrj* pig iron 

Bole 

1 Al2H4Sio()„.Aq. 

White, yellow, red 

2*5 1 

2 

Am. 

11. 

Gold-leaf adhesive 

Boltonlte, v. Forstcritc 
Bone-turquoise, a. Odontolite 

Mg2«i04 

Bed 

3*2 

6*7 

IV. 

V. 


Boracite 

MgyCIaBiflO.-iri 

White-grey , 

3 

7 

I.,IV 

V. 


Borax 

NaflB4O7.10HoO 

White, part grey 

1*7 

2*25 

V. 


General flux ; in 





1 


medicine 

Borninc, Bornite, a. Erubescite 
and Tetradymite 

Borocalclte, a. Ulexite 
Bostonite, a. Chryscdile 
Botryogeii 

MgO.FeO. 

Fe2().|.4SO;, 

Hyacinth red 

2*04 

2-2*5 


V. 


Botryolite, a. Datolite 




i 



Boulangerite 

PbjjSbjfSe 

Le4id-grey 

5*6 

2*75 

IV. 

M. 


Boiuriioiiite 

1 I’baTuoSboSrt 

Grey to black 

5*8 

2*75 

I IV. 

M. 

Old Cornish copper 

Boussingaultite 

[(NH4)2S04.!lfg«O4 

1 (MgFelaHiSM),, 

White 

1*68 

— 

V. 

— 

[ore 

Buwenite, r. Serpentine , . : 

Bragite, a. Fergnsonitc I 

White 

I 

2*6 

6*5-6 

IV. 

V. 


Brandtite 

('a-jMnAsaOH 

1 Colourless to 

8*6 

5-5*5 

VI. 

V. 



2 H 2 O 

white 






Braunite 

M 112 O 3 

Black 

*4*7 

6*25 i 

II. i 

M. 

Manganese (63 per 








cent.) 

Bredbergite, v. Andradite 

Fe2Mg,Ca2 

— 

3*74 

I 7 

1. 

V. 

A common garnet 


(»104)3 






Breithauptite, v. Niccolite . . 

MBb 

Copper-red 

7*6 

6*5 

III. 

M. 

Nickel ore 

Breuunente 

(Mg:Fe)CO.s 

H 4 (Sr.Ba,Ca) 

Yellowish-white 

4 

4 

III. 

V. 


Brewsterite 

Brittle silver, a. Stephanite 

White 

2*45 

5 

V. 

V. 


Al2(8lO«)8 

Brochantlte 

(Cu()H)4804 

Emerald green 

8*8 

3*5 

IV. 

V. 


Bromargyrlte 

1 AgBr 

Bright yellow 

6*9 

2*3 

I. 

A. 

Chilian silver ore 

Bromlite 

(Ca,Ba)00:i 

White 

8*7 

4 

IV. 

V. 

[57 pot cent. 

Bromyrite, a. Bromargyrlte 
Bronat, a. Bustatite 

Bronate, a. Bcybertite 

Brookite 

Brown Homatlte, a. Limonite 

Brown to black 

8*8 

5*5-6 

IV. 

A. 



TiOu 

Titanium 

Brudte , , . . . . 

Bmshlte 

Bunsenlne, Bunsenite • . . 

MgfOHW 

Hea^^2HaO 

White 

Colourless 

2*3 

2*2 

2 

2-2*25 

III. 

V. 

P. 

V. 

[guano 
Occurs on rook- 

Green 

6*39 

5-5 

I. 

Tc. 

Occurs with niokd 








ores 



01»eml««l lormol* 
or QompcMltlon, 


OABMIllTB 

Cacoxenite, Cacoxene 

Cadmium ochre, «. Greenocklte 
Cairngorm Qiiarti . . 
Calaite, s. Turquoise 

Calamine 

Calamite, t. Tremolite 

Calaverite 

Caleite 

Calcouraiiite, t. Autunlte 
Calospar, s. Caloite 

Caledonite 

Callainite, Callait, «. Variscite 
Callais, Callaite, t. Turquoise 

Calomel 

Cancrinite 


Cannel Coal 

Capillar}’ p^’ritee, «. Millerite 
Carbonado, t. Boart 
Carbuncle, t. Almandine 
Camallite 

Camelian, r. Chalcedony 
Carpholite 


Cassiterite 
Castor, a. Petalite 
I Cat’s eye, r. Quarts 
Celadonite 
Celestite, Celestiiie 

Cerlte, Cererltc 


(Nl,M|rt:^8308. 

(Fes<OH^4)a: 

OHgO 

8iOs 

(Zn.OH)2SiOs 


8iO« 

(SnC)2)2 


Fe,Al,K,Mg.$iO 

SrS 04 

(Ce.Al,LaJ)i)2 

CeO(Ca.Fc) 


Apple-green 


Smoky-yellow 


(Pb,Cu) 2 S 04 *C 03 


^^^aCO^ 

AlsSis0.i6 


MgCJ«.KCL 


White, yellow 31-3-9 6 

Yellowish-grey 9*04 2*6 

All colours 2*5 3 


White, grey 5*6 1*6 

Colcffless 2*46 6*6 


Brown or black 


Red, white 1*5 

Bright red 2*7 

Straw-yellow 2*9 

Black-brown 6*8 


Olive-green 2*86 1*6 

Colourless, etc. 3*9 3-8*5 


Spanish nickel ore 


III. V. Scotch precious 

[stone 

IV. V., P. Important alno ore 

— M. An *. Ag :: 5 : 1 
in. V.,D. Furnace Rux; in- 
cludes limestones 
(and marbles 

V. R. Allied to Leadhillite 

[artificially prepared 
n. A. Valuable medicine, 

V. Altered NepheUte 


— £. Gas manufacture 


M^imium. See p. 
Bingstoiie 


Important tin ore 
[p. 5151 

See p. 6856 

Strontium nitrate ; 

fireworks 
Ce, La, or Bi 


Cerargyrite, a. Chlorargyrite 

Cerussite 

Cervantite 

Chabasite, Chabasie . . 

Ohalcanthite 

Chalcedony, v. Quartz 
Chaloocite, s. Copper glance 

Chalcodite, «. Stilpnomelane 
Chalcophyilite 

Chaleopyiites, #. Copper-pyrites 
Chalcosine, a. Copper glance 

Chalybite 

Chamosite 

Chelmsfordite, «. Scapolite 
Chessylite, #. Azurite 
Chiastolite, v. Andalusite 
Childrenite 

Chile saltpetre 

Chiollte 

Chloanthite. r. Sraaltite 

Chlorargyrite 

Chlorite group 


PbCOs 

Sb204 

AljCa, and SiOg 
CuSO^.SHsO 


CuOH^b 04, 


FeCOn 

Fe2(Fe,Mg); 

HeSi^Ois 


Ciilorite-spar, Chloritoid 
Chloropal 


Chondrodite 


Christianite, a. Pbillipsite 
Chrome-yellow, a. Crocoite 
Chromite 
Chrysoberyl 


ChrysocoUa 

Chrysolite, v. Olivine . . 


Chrysotile, v. Asbestos 
Cinnabar 


Cinnamon stone, c. Garnet .. 3Si09.A]^o.C 
Citrine, V. Quartz .. SiO« 

Clarite, «. Knargiie i 

Ciausthalite .. .. ! PbSe 

Clay. 9. Kaollnite, Halloysite, — 

etc. i 


White, grey 5*4 8*6 

Yellow, white 4*08 4*6 

White 2*1 4*6 

Blue 2*2 2*6 

AU colours 2*7 7 

Blackish 6*5 2*6-3 


Emerald green 


Ah|O.Si04 

AKOHMFc, 

Mn,Ca)P04.H20 

NaNOa 

(AlF«)a.(jraF)6 

(Co#eNi)A82 

AgCl 

Al,Fe,Cr,Mg. 
Fe, and SlOg 
Al2(Fe,Mg)H2 
SiOr 

(Fe,Al)2(m03)3. 

&H2O 

(Mg.0ll)2 

(MgF) 4 (Mg,Fe)i 3 

(8104)s 


FeCr2P4 

BetAlOalz 

CuSl03.2Hg0 

(Mg,T'e>2Si04 


Yellowish 

Black 


Bed, grey, brown 8*1 7 

Colourless 3*2 4*5 

White, etc. 2*1 1*75 

Snow-white 2*85 3*75 

Tin-white 5*8 6 

Pearl-grey 5*6 1-1*6 

Various 1-5 1*85 

Green to grey 3*6 5 

Brown and - 1*7 1-1*76 

green 1*8 

Yellow-brown 3*1 5*5 


Iron-black 4*3 5 

Green, yellow 3*7 8 

Bine to green 2*2 2*4 

Green, yellow 8*4 7 


Amor. V. 
IV. V. 


m. A. 


Honey-yellow 3*5 7-7*6 

Yellow 2*5 7 

Lead-grey 7* 5-8* 8 f^6 


Lead (83* 6per cent.) 
Antimony (80 per 
Icent.) 

Fertiliser • 

) Precious stone 
Copper (79*8 per 
cent.) 

Called Copper Mica 


D. Iron ore (48 per 
V. [cent.) 


r gunpowder, 
L nitric acid 
Nitre ; fertilisers. 

Cobalt 

Silver (75 percent.) 


Similar to Nontro- 
iiite 


[chrome steel 
Chief chromium ore; 
Precious stone, p. 
5856 

Copper (35 p'r cent.) 
Precious stone, p. 
6866 

Commercial asbea- 
tos 

Mercury (86 per 
cent.); vermlUon 
Seep. 5865 
Is false topaz 

Selenium 

Fice-brloks, jpaper- 
idazihg, alum 
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Cla^r ironetone, Chalybite . . 
Cleavelandite, «. Albite 
Clingmanlte, «. Margarit« 
Glinoohlore 

Clinoclase, Gllnoclasit^ 
Clintonit«, «. Seybertite 

Coal 

Cobalt bloom, «. Bry thrite . . 
Cobalt glance, «. Cobaltite 
Cobalt>ochre, «. AsboUte 
Cobalt pyrites, s. Linneelte . . 
Cobaltite, Cobal tine .. 

Cockscomb pyrites, «. Marcasitc 

Colomanite 

Coloradoite 

Columbite (Nioblte) .. 
Comptonite, t. Thomsonite 

Connarite 

Copalite, Copaline 
Copiaplte 

Copper 

Copper froth, «. TsrroUte 
Copper glance 

Copper green, «. Chrysocolla 
Copper ^ca, g. Chalcuphyllite 
Copper pyrites 

Copper vitriol, g. Chalcanthite 
Copperas, g. Melanteriie 
Coquinibite 

Cordierite(Iolite) 

I 

Corundellite, g. Margarite 
Corundum 


Cotunnite 
Covcllitc, Covelline 
Crispite, «. llutile 


Crocoite, Crocolslte 
Cronstedtite . . 


Cryptolite, t. Monazite 
Cube Ore, «. Pharroaoosiderite 
Cupreine, s. Copperglaiice 

Cuprite 

Oupro<uranite, i . Torberlte 

Cyanite 

Cyprite, g. Copperglance 


MNAITIf «. Misplckel 
Danbuilte 

BatoUte, Datholite . . 
Belawarite, a. Ortlioclasc 
Delvauxite, g. Dufrenite 
Bemantoid, r. Andraditu 
Bescloizito 


Besmine, t. Stllbite 

Beweylite 

Biaclasite, Biaolase, altered 
Bnstatite 

Biadochite 

Biidogito, t. Khodochrosite . . 
Biamond 

Diapliorlte 

Biaspore 

Biatomite, «. Tripolite 
Bichrolte, Cordierite 
Bickinsonite 

Bioksbergite^. Eutile 
Bihydrite, «. Phosphoroohalcite 
BUlenburfdto, t. Chrysocolla 
Biopside lAuglte group) 
Bloptase 


ClHitnloal formula 

Colour. 

B.G. 

H. 

C.B. 

Appear- 

Froducta, uaes, or other 

or oonipoittton. 

auce. 

remarks. 

FeCOs 

Yellowish 

3‘4 

8~7 

Am. 

B. 

Variety of Slderlte 

H 8 (Al,Fe,Cr )2 

(Mg,Fe)5Sl30i8 

Greenish-white 

2*7 

2*25 

V. 

P. 

Chlorite group 

(Cu0H;,)As04 

Bluish-green 

4-2 

2*76 

V. 

P. 


C,H,0 and ash 

Black 


2*5 

Am. 

R.-V. 

Most common fuel 

Co20gAs2>8H20 

Crimson 

2‘9 

2 

V. 

P. 

Cobalt (29*5 per 







[oeht.) 

(CoNDaSj 

CoAsS 






[cent.), nickel 

Bteel-grey 

4-0 

5*6 

I. 

M. 

Cobalt (67*9 per 

Silver-white 

6 

5'5 

I. 

M. 

Cobalt (35*6 ^ 







cent.) 

FeSa 

Pale yellow 

4*8 

6-6*5 

IV. 

M. 

Iron ( 46* 6 per cent.) 

Ca.jBflOn. 6 H 2 O 

HgTe 

Colourless 

2*4 

4*25 

V. 

V. 

[in jewellery 
Mercury (61*6 per 

Greyish-black 

8*6 

3 

Am. 

M. 







cent.), tetturium 

Fe[(Nb,Ta)0;d‘j 

Black 

6 

6 

IV. 

M.,A. 

I^iobium, tantalum 


Yellowish, etc. 

2-5 

2 


P. 


Yellow, brown 

1*01 

2 

Am. 

R. 

A fossil resin 

(FeOH).jFe2 

(S 04 )fi.l 8 H.j 0 

Sulphiur-yellow 

21 

2 

V. 

E. 


(in 

lied 

8*9 

2*76 

I. 

M. 

Crystalline near 







[igucous rocks 

Cu.j8 

Blackish 

6*6 

2*5-3 

IV. 


Copper (79*8 per 







cent.) 

CuFeS.2 

Brass-yellow 

4*2 * 

3*6-4 

II. 

M. 

Copper, 34*6 per 






cent. 

(Fe.Al)2(.S04);». 

Whitish, etc. 

2*09 

2*25 

III. 


Is White copperas 

UUjO 





(Al,Ft*),iMg., 

Blue, green, grey 

2*6 

7 

IV. 

V.(?) 

Highly dichroic 

»i«0.2H 




1 


AIjO;, 

Blue, red, etc. 

4 

9 

111. 

V. 

Emery ; sub-varie- 






ties are ruby. 

l*bCl.. 

Colourless 

5*25 

2 

IV. 

A. 

sapphire, etc. 
Found inVesuvian 

CuS 

Bark-blue 

4 

1*5-2 

III. 

Sm. 

[lava 

(Fc,Xa).j.(SlOa)4 

Bine to green 

3*25 

4 

F. 

8. 


FeiiiO;, 






Pb()4Cr 

Yellow 

6 i 

2*5-3 

V. 

Tc. 

Chrome-yellow 

Fe2(Fe,Mg);{. 

Black 

3*3 

2*5 

III. 

V. 

llflSijOi., 







AlaFfl.bNaF 

White, etc. 

3 

2*5 

V. 

V. 

Aluminium (12 per 





1 


cent.) ; alums, 
glass, soda, page 
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Cu.jO 

Bed 

6 

3*5-4 

I. 

8m. 

Copper (88 per 

[cent.) 

(AlOVjSlOa 

Blue, etc. 

3*2 

6*6 

VI. ' 

V. 

(Fe('o)AHS 

WTiite, grey 

2*35 

3 

V. 

P. 

Cobalt ore 

l^aEj(Si04)2 

Yellow 

3 

7*25 

IV. 

V. 


Ca(B. 0 H)KI 04 

White 

2*9 

5 

V. 

V. 



Green 

3*83 

6 

I. i 

V. 

See p. 5855 

{Vb,iu)\04 

Black to 

5*8 

3*5 

IV. 1 

V. 

Discovered by Des- 

(Pb,OH) 

brown 





oloizeau 

Mg4H4Si.nOi2 

Yellow 


2*5 

Am. 

R. 


FeuOsfSOM, 
P 2 O 5 and HjiO 

Yellowish 

2 

3 

V. 

K. 

[cent.) 

MnCOfl 

C 

Bed. etc. 

3*6 

4 

in. 

V. 

Manganese (47 per 

Colourless to 

3*6 

10 

I. 

A. 

Precious stone; glass 


black 





and gem cutting 

(PbAg2)a8b4Sii 

8te€l-grey 

5*9 

2*5-3 

IV. 

M. 

Similar to Freisle- 




a 

benite 

AlO.OH 

WThite 

3*4 

6 

IV. 

V. 

Aluminium; simi- 







[lar to Bauxite 


Grey 

3*3 

3*6 

V. 

V, 



Green, white 

8*3 

6 

V. 

V. 

Feebly trausluceut 

Emerald-green 

3*2 

4*75 

III. 

V. 




Xlnenls. 

Chetaloftl fomulv 
or oomposltion. 

Ck^our. 

ao. 

H. 

C.B. • 

Appesr. 

•noe. 

ProdooU, usM. or other 
remarke. 

Biphanite, s. Margarlte 
Disthene, «. Cyamte 





ra. 

V. 

1 
1 

Bolomite ' . * . . • • 

(CaMg)C08 

White, grey, etc. 

2*8 

8*6-4 

Lime ; marble, 

Bomeykite 

OusAs 

Fe2(OHs)P04 

Tin-white 

7-6 

8*25 

Mass. 

Sf * 

Chilian copper ore 

Bnfrehite 

Leek-green 

S -8 

3*25 

IV. 

V, 


Bufrenoysite 

BumOTtlerite . . 

PboAi^s 

Al«(Ai 0 ) 6 ( 8 l 04 )a 

Na(AlF)AB 04 

Lead-grey 
Bright blue 

6*6 

3-2 

3 

7 

IV. 

IV. 

M. 

V. 

Strongly pleoohroic 

Burangite . . • . 

Orange-red 

4 

5 

V. 

V. 

In limestone 

Byeanalyte 

^ JJ^*^CaFe) 8 . 

Iron-black 

4*1 

5*6 

I. 

Sm. 

Byacraslte 

Ce(N^^Tii(, 0 » 

Silver-white 

9*5 

3*5 

IV. 

M. 

Silver 

BAIITH V COBALT, t.Aabolan 

Mn 02 C^, 






Alteration product 

CuOHoO 






varies greatly 

Edelite. f. Pr^nite 
Bdwaroftlte, t. Monazite 
Effsonite, «. Barytes 

Efiute, if. Phosphorochalclte . . 

Ca(CuOH )4 

(SigAlOsla 

Emerald-green 

4 

2 


P. 

Similar to Pseudo- 

Ekebergite, v. Scapolite 

White 

2*7 

5*5 

n. 

V. 

malachite 

Elspolite, V. Nephelite 

Electro-silicon, «. Tripolite 

AWNaA,K 2 or 
^laSlaOjM 

Beddish, 

greenish 

2*6 

6 

HI. 

0 . 

M. 

A natural alloy 

Eleetrum, v. Gold 

«Au + t/Ag 

Yellowish- 

12*5- 

2*5 

I. 

ntdiiie 

15-5 




used by ancients 

Embolite 

Ag 2 (ClBr) 

Grey-green 

5*9 

1-1*5 

I. 

A. 

Silver (about 64 







per cent.) 

Emerald, v. Beryl 

Be3A]2(Si03)6 

Green 

2 * 6 - 2*8 

7*5 

III. 

V, 

Precious stone ; p. 
6855 

Emerald, Oriental, v. Sapphire 

AI 2 O 3 

Green 

4 

9 

III. 

V. 

An emerald-col- 






oured sapphire 

Emerald nickel, «. Zaratite . . 

3 NiO.COo. 6 H 2 O 

AI 2 O 3 

Emerald-green 

2*6 

3 

Am. 

V. 

Nickel (46 per cent.) 

£mer}% v. Corundum . . 

Black 

4 

9 

III. 

V. 

Coloured by Mag- 







uetite; abrasive 

Empholite, s. Biaspore 
Emplectite 

CU 2 (B 1 , 82 V 2 

Tin-white to gre>' 

5*16 

2*5 

IV. 

M. 


Enaraite 

Encaadite, a. Warwickite 

Cn^i^4 

Iron-black 

4*4 

3 

IV. 

M. 


EndUcbite 

PbrfAs.VmjCl 

(MgFe)Si 03 

Bed, brownish 

7 

3 

in. 

R. 

Perhaps v. of Va- 

Enstatite 

Brown, green 

3*2 

6—5*5 

IV. 

P. 

[nadinite 

Eo6ph(»ite, V. ChUdrenite , . 

(Mn.FelHoO. 

AIPO 4 

Al2(A1.0H)Ca2 

Pink, yellowish, 
etc. 

Green, etc. 

3*13 

5 

IV. 

V. 


Epidote 

3*5 

6*5 

V. 

V, 

Common rock con- 

< 8104)3 


1 

1 




stituent 

Artificial salt used 

Epsom salt, a. Epsomite 

Epsomite 

MgS04.7H20 

White, yellow, 

1*7 

225 

IV. 

V. 

red 





in medicine 

Eremite, a. Monazite 

Erinite • . 

CuaA^s.2Cu 

Emerald-green 

4*04 

4*5-5 

Me. 

B. 

From Cornwall 

[cent.) 

Erubescite 

CuaFe^f 

Cos08A82.8Hp 

(CuOH)CuA804. 

3 H 2 O 

(A 10 H)BeSi 04 

(Na,K,H)i 3 (Ca, 

Beddish-yellow 


3*5 

I. 

M. 

Copper (55 per 
Cobalt (29 per cent.) 

Eiy'thrite, Erythrlne . . 

Crlmsoii 

2*9 I 

2 

V, 

P. 

EuchrcMte .. •• .. 

Emerald-green 

3*4 

3 

IV. 

y. 

Copper 

Euclase . . • . 

Colourles-s 

3*1 

7*5 

V. 

V. 

Very brittle 

Eudialyte 

Bose, etc. 

2*92 

5*25 

III. 

V. 


Fe)(Zr,Si)90O92 







Eudnophite, a. Analcite 
Eiilytite, Eulytinc 

Bl(Si04);i 

Brown, yellow 

6 

5 

I. 

A. 

Similar toAgricoUte 

Euxenite 

B(Nb 03 ^Ro 

(Ti03)3,H20 

Brownish-black 

4*6 

6*5 

IV. 

M., V. 

B is Y, Er, Ce. U ; 
possibly Ge 

PAHLKItZ, a. Tennantite and 
FarOelite, r. Thomsonite 

Tetrahedrite 

2Al2(Ca,Nao) 

(Si04).3.H^ 

White 

2*3 

55 

IV. 

V. 

From Hebrides, 







Faroe Is. 

Fassaite, r. Augite 

M^a(8l03)2 

Fe28i04 

Al 2 Si 03 (K,>'a, 

Green 

.V3 

5 

V. 

V. 

Also call ed Pyrgom 

Fayalite (Olivine group) . .1 

Light yellow 

4 

6*6 

IV. 


Metalloidal lustre 

Felspar group 

Various 

2*5 

6 

V. 

V.,P. 

Pottery glaze. Vari- 


Mg or Ca)sT 03 






eties : Orthoclase, 
Oligoclase, Albite 

Fergusonite 

Feltbol, a. Chloropal 

Y(Nb,Ta )04 

Brownish-black 

5*8 

5*76 

II. 

B. 


Fibroferrite 

Fe6(OH)8 

Honey-yellow 

1*84 

3*25 

v.(?) 

P. 


Fibrolite 

(Sl04)a»Hi^) 

Al(Ar 0 )Si 04 

Gre>', brown 

3*2 

6*5 

IV. 

B. 

Blmorphic with 

Figure Stone, a. Agalmatolite 

• 





[Cyanite 

Fiorite, v. Opal 

Fireblende, a. Pyroetilpnite 

H20,8i02 


2 

5 

Am. 

W^ 

A volcanic sinter, 
Flora, Toscany 

Flint, f. Quartz 

Flos ferri, r. Aragonite 

Si02 

White, grey, etc. 

2*7 

7 

Me. 

Gl. 

Gun-flints; build- 
ing-stone, road 
metal, pottery 





Fluor, Fluorite (^uorspar) . . 

CaFa 

All eoloon 

3*2 

4 

I. 

V. 

Metallurgical flux, 

1 





glass-making, HF, 

Foresite, a. Stilbite 




>* 



paints 

Forsterite (Olivine group) , . 

Mg2Bi04 

White 

8*2 

6-7 

IV. 

V. 

In volcanic ejec- 

i 



1 




tions, etc. 


6736 




caMwIoil foraMUM 
or MmiMcIttunu 


FovlttHe, «. Bhodonite 
FtnaMiSkt 

ITrdbMritt*. «. Tetnhediite 


FTemdUte • . 
FuU«ni* Mth, t. 

QAOOUHITt 

Qihnlte CBpinal group) 
Oaten*, oiaouite 

Oalmei. t. Calamine 
Oamet gioup . . 


(Fet^n) 

<Fe8M0a)O4 

Sn^u 

Bi2<fte3)» 


Iron-black 6*16 6 


&% 2-5 V. 


Bittlih«grey 6*4 rS IV. 


Fegi^YO) Black, brown 4-4*6 6*76 V. 

(Zn,Fe)(^ifloe)a * Oresrish. green 4*S 7*75 I. 

FbB Lead-grey 7*6 2*6 I. 


QayiuflRlte 


Qeredorl&te 

OtbbBite 

Gileonite. t. Uintahite 
Giraaol, e. Opal 

Qinnondite, GIsmondine 

Glaserlte, t. Aphthitalite 
Glauber salt, t. HirabUlte 

Glaubeiite 

Giaucodote 

Glauconite 

Glaocophane (Hornblende 


BeB8(Si04)8 


<Ni,Hg)H2Bi04 

(N...C.MC03). 

(A10wl!a,Mg. 

nX)b1‘. - 

A1P04(H80)4 

BlOe^fO 

CaAlg^B103)4. 


All except 3* 1-4*3 7 
blue 


Pale green 


Green, brown 
Green 

White, gre^ 

White, etc. 

Hyacinth-red 

Colourless. 

white 


KfieCa(B 04)8 White, grey 


Goethitite 
Gold .. 


Goslarlte 

GOthite, $. Goethite 

Grahamlte 

Gramenite. f . Chloropal 
Grammatite. t . TremoUte 
Granatlte. a. Btaurollte 

Graphite 

Graitite. «. Olinochlmre 

Greenockite 

Greenovite, e. Bphene 
Greenstone. Green vitriol, t. 
Melanterlte 

Groesularite (Garnet group) . . 
Grothtte. «. Bphene 
Guanite. t. Struvite 

Guarinite 

Ouayaoanite, t. Bnargite 

Guiteraianite 

Gummite 

Gymnite, t. Deweylite 
Gypeum 


(Fe,Co)A^ 
Fe,Kt8i08 
and HoO 
NaAKSiKk! 
]Ee.UB.SiO^ 
(Na^alAL 

An 

ZiiB04.7Hs0 

Hydro-carbon 


Greyish, white 
' Olive, etc. 


Colourless, etc. 

Brown 

Goid-yeUow 

White, grey 


Halrialt, t. Heramohallte 
Halite, «. Balt 
RalHte. «. Alumintte 
HaUoyiite 

HalociiaUdte, t. Atacamlte 
Haiotrlchite 


C (FeaOs, etc.) Iron-black 2*15 i HI. M. 

CaB Yellow to orange 4*8 3 111. A. 

CaSTIOfi Brown, green, etc 8*6 0 V. G. 

AlaCa 9 (Bi 04 )s Pale green 3* 4-3*7 7 I. V. 

CaTiSiOs Ydlow 3*48 3 IV. A. 

<PlM)}o(Aj^s Bluish-grey 6*0 3 Mass. M. 

(Pb.Ca,Ba) Eeddish 4*1 2*76 — Q. 

MUsOjg.HaO 

CaBOs-SHgO White, grey, etc. 2*3 2 V. V.B, 

• ! 

FegOg Bteel-grey, dark 4*8-6 6*6-8 6 111 M.,E. 

red i I 


U. Zinc (10 per cent); 

Cspiegeleisen 

M. Lead (SOner cent.), 
silver (to 27 per 
cent.) 

M. Beleninm 
— Grease absorbent 
for woollen fabrics 


I Atincsidnel 
I Lead (86 per cent.); 
stoneware 

Very many varie- 
ties : Be may be 
Al, FeVCr *. Ha. 
C8.Fe.Hn 
Nickel (7 to 10 per 
cent.), p. 6082 


Qamierite is impure 
variety of this 
Nickel-dance ; 
nickel(36 per cent) 


Called Fire opal; 
from Mexico 


M. Cobalt 

D. A variable mixture 

V. to In crystalline 


Iron (62 per cent.) 
Usually alloyed I 
with silver 
CaUed White vitriol 

Illuminating gas 

[st-ove-poii^, paints 
Lubricant.crucibie8 

Nearly transparent 


HaanarUU. t. BaatnWte 
BankHte . . . 

Harmotome 

t. HeMdlte 


AlgHiSigOs, White, yellow, 2*6 2 Am. R. 

HgO red 

'•B04.^^604)s White 1*06 — V^or S. 

ffag)dK>8 (B 04)4 White 2*66 3*25 m. V. 

Nig, White 2*4 5 V. V, 


F6B04.^^604)s White 

YeUowldi-lMr 


Indludes all Ca-Al 
garnets 


fPlaster <rf Parii, 
{ arUf. marble, fer- 
V tillsef, cements 

Iron (70 per cent). 

r >lishing pow- 
e r . crayons, 
red paint 

Variety of KaoU- 
nite 

An iron alum 


YeUowidl-lMrowh 4*8 6 


Translaoent 
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Hauerite 
Hauamaimite . . 

HaUynite, Hattyne 

Hayeaine, «. Ulexite 
Heavy sptf, t. Barytes 
Hebronite, t . Aublygontte 
Hedenbergite . . 
Heliotrope, «. Bloodstone 
Helvit^ Helvine 

Hematite, «. Hmmatite 
Hendmorphlte, t. Calamine 
Herderlte 
Herrengrundlte 


Hesslte . . 

Hessonite, s. Grossularite 
Heulandlte 

Hiddenite, t. SixxlumeDe 
Hisingerite 

Honey-etoue, t. Hellite 
Hornblende group 
Homquicksllv^ t. Calomel 
Ewnailver, t. Chlcurargyrit^ 

Hortonolite 

Hdbnerite 

Humboldtine, t. Oxalite 
Humboldtlte, i. DatoUte 
Hamite 


Hyacinth 

Hyalite, v. Opal 

Hyalophane (Fdspar group). 
Hydrargyrite, s. WavelUte 

Hsrdrocyanite 

Hydrohematite, t. Turgite 
Hydromagnesite 

Hydrotalcite 

Hydrosinclte 

Hypersthene (EnstaUte group) 


lOBUlilD SPAIIi r. Calcite. 
lehthyopthalmit, f. Apophyl- 
life 

Idocrase 


Ilmenorotile, v. Rutile 
llvalte 

IndicnUte. v, Toormaline 
lodargyrite J. 
lodyme t. lodargyrite 
loUte, #. Cordierito 
Irldosmine 


Iron 

Iron froth and glance, $, 
Hsomatite 

Iron pyr^, «. Uvaite 


Jaeyntti, a. Hyacinth 
•Ja<fc !. 

Jadeite 

Jamesonlte 


Jargoon, v, lOrcon 
Jaroslte 

Jasper, e. Quarts 
Jefferisite 


Jet 

Jordanite 


1 ClMNBlial foottaia 

I or oaoifoaltton. 

Ookmr. 

ao. 

H. 

o.a 

AppiW- 

VtgdMii, UMS, or oth«r 
tWOMtkM, 

Mn& 

Hi^4 

Ca,Na,<AlNa 

Beddish-browh 

8-4 

4 

I. 

“iT 

V.to 

toentj: me 

Brown 

Blue 

4*7 

8*4 

5*5 

5 

f 

Manganese <71 per 
In Tlapls lasulL 

804j,A]«(Si04)4 




B. 

8€t p. 5856 

FeCa(SiOs)8 

Green 

8*5 

5 

V. 

V. 

Augite group 


TeUow, brown 

8*8 

6 

1. 

B. 

A tetrahedral gar- 
net 

Ca[Be( 0 H.F)]P 04 

White 

8 

5 

IV. 

V. 


Ca(OHs).2CuOH. 

Emerald-green 

81 

2*75 

V. 

P. 


2804.SHa0 

Grey 

Cinuamon-brown 

8-6 

3*5 

2*5 

7 

I. 

I. 

H. 

V. 

Au also present 
Wrongly Hyacinth. 
See page 5855 

Ala(Ca.8r)H4 

White, red 

2*2 

4 

V. 

V. 


(SiO,), 






Fe0,Si02»H80, 

Black 

2*76 

8 

Am. 

G. 

Probably a mix- 

etc. 






ture 

(Mg.Fe)3Ca(8l08)4 

Blaokiah-green 

8*1 

6-6 

V. 

V. 

Fibrous variety is 
[Asbestos 


Yellow 

Black 

8*2 

72 

6*5 

5 

IV. 

V. 

V. 

8m. 

In chrysolite group 
Tungsten 


White 

8*1 

6-6*5 

IV. 

V. 

C!hondrodite group 

2isrd4 

Pink 

4*65 

7*5 

n. 

A.,R. 

precious stone 

8iOa,HsO 

Colourless 

2 

6 

Am. 

V. 

Transparent, the 






purest form 

KBaAlsSisOie 

Odourless 

2.8 

6*25 

V. 

V. 

Transparent 

Ca804 

Pale green 


2*25 

IV. 



Is anhydrous Chat* 





[ennthite 

SlteCOji. 

Mg(^)8.%0 

AUpHlidMg 

White 

2*14 

3 5 

V. 

V. 


White 

2*07 

2 

III. 

P- 


(Unk^SUsU 

(Zn.OH)^n 

(OKiyoSa 

(MgFe)SiOs 

White, etc. 

8*7 

2*25 

Masi. 

I 

D. 

Earthy variety of 

Brown 

8*4 

6 

1 

IV. 

V.R. 

Bmithsonite 
Variety of Py- 






roxene 

CaCOg 

Colourless 

20 

3 

III. 

B. 

Doubly refracting: 






foptical instru- 
Lments 

(AlOslis 

Brown, grey, etc. 

3*4 

7 

1 II. 

B. 

Frequently con- 


Iron-black 

4*7 

6 

HI. 

M. 

lalna Fe 

Titanium (81 per 
cent.); worthless 







[for iron 

FesCa(FeOH) 

Black 

4 

5*75 

IV. 

B. 


Blue 

3*1 

7*5 

HI. 

V. 

See p. 5856 

Agl 

YeUow 

5*7 

2 

HI. 

A. 

Silver (46 per cent.) 
/'Gold nib pdnts, 

1 draw-plates, 

•; weight stand- 


Ir and Os with 

Tin-white 

19>21 

6-7 

HI. 

M. 

Pt metals 






1 ards, ceramic 

V enamel 

Fe 

Steel-grey 

7*5 

6 

I. 

M. 

In meteorites, with 






[Ni, Co, etc. 

2FeMiiOe.Mo 

Black 

4*75 

6 

I. 

H. 








Chinese Jade, used 


Green 

Grey 

8*8 

5*7 

6*5-7 

8*5 

V.,VI. 

iv. 

8v. 

M. 

liat carving 
Devonshire anti- 






mony ore 

ZrSiOs 

CoiourleM, yd- 

4*5 

7*5 

n. 

A. 

Diamond substi- 

lowlsh 





tute. Seep. 5855 


Brown 

8*25 

8*5 

in. 

V. 

/'Coloured by Im- 

Red, yellow, 

Blade 

2*7 

7 

He. 

v., 0 . 

{ purities: carved 

1 omaiuents ^ 

2*8 

1*5 

Am. 

p. 

v. 

Chlorite group 

Besenbles Cannel 

BeiK^hprcy 

6^2 

i 7 

IV. 

M. 

[coal; jeweliefy 


* Jade Includes various mliienls, of which the ohiof species are Jadeite and Nephrite (q.v.) 
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Mlttml*. 

or,« 4npotilU«it. 

Ceijor. 

S.O. 


KaUnlte ^ .. 

Kaolin, Kaolinite 

Kantinidna/ Keatingtte #. 

I^wlarite 
KaramohaUto .. 

Karmealta 


Kf!|,lCg» 04 , 8 HaU 

iKAl(S04)».ltHA0 


Kidney ore 
Kleaerite 


Ala^MiOa. White 

Ale(804^.18Hf0 White 

BbgOSg Cherry-red 


8.1 8*5 V. 

1*76 8 L 

8*5 1-8 V. 


4*6 1*6 V. 


Klapothrite, «. Laiulite 
Knebelite 


Kongsbergite. a. Amalgam 
Kranrlte, t. Dufrentte 
Krennerite 

Rreusateln, a. Harmotome 
Kiihnlte, a. Beraelilte 
Kup'ertchaum, a. TyroUte 
Ryaolte, a. Cyanite 

LUMDORITC .. 

Langbanlte 

Langite 


M88O4.H8O 

(FeJKn,Mg(B 

8104 


Lanthanocerlte, a. Ccrite 
Lapis lasuli, e. Hattynite 

Loaiirite, a. I^inls laauli 
Laufflontite, Laiimonite 

Laurkmite 

LaauUte 


Laanrite, a. Lapis lasnll 

Lead 

LeadhiUlte 


Lecontite 


Ledererltc, a. O melinite 
Lederite* a. Titaiitite 
Lepidoorocite, a. GOthlte 
LepldoUte 


fCua(^^04. 

(Na2,Ca)A18i04 

(r) 

AHKOHliCa 

<Al.OHMMg. 

F6,Ca)(P04)« 

Pb 

4Pb0.80,. 

8C0«.H*^ 

(Na.N%K)2 

804.2H20 


Alare(Ll.K,Na)s 

(QH^FMiaOw 


White, grey 
Iron-black 
Blue * 


White, yellow, 

Colourless 

Blue 


Orcy 

White, yellow,v 
etc. 

Colourless 


Lieuciie . . . . . . 

Leucocycllte, a. Apophylllte 
Leucopyrite, a. Ldllinglte 
Levymte, Levyne 


Llbethenite 
Lievilte. . 


CaAl^i$Oio. 

(Cu0H)^P04 

C,H,0,N,8, 


LIgurite, a. Tltanlte 
* Limestone 
Limonlte 


Linarite. . 
LlnMsite 

Liparite, a. Floor 
Uroooniie 


LlthiophUite . . 
Lltbiophodte, e. Wad. . 

Lithographic stone 

Ldlltogite 

Lodwlglte 

Lydian stone, 9. Quarts 


PbCti.OH)oS04 

(Nl.Co.FeS84 

ha 

H«0 

S PO4 

FeAsa 

MggO.FeOs. BOa 
SIOi 


Astire blue 
Greyish black 

Bluish-green 

dove-brown 

Bluish-blaok 


Tin-white «-8 

Blaokish-green 4 

Velvet-blaek — 

White, yellow, S 

eto. 



White, grey 2*5 I 8 


[Caloite veins 


3*9 0*6 IV. To* Olivine group 


Ag,Aa,Te White to yellow 8*3 — 


Violet, red I 2 0 
Grey, white | 2*5 

Colourless, etc. I 2*12 


Brown to black , 1*4 


2Fes03.3Hji0 Brown 8*7-4 


IV. H. Composition nn- 
[certain 


Felspar group ; out 
for cameos 


8*25 IV. 
5*3 V. 


11*37 1*5 I. 

6*3 2*5 V. 

2*4 8-2*5 IV. 


Translucent 


In jeweUery. See 
p. 5856 

In Canadian cop- 
iper ores, etc. 


See Index 
111 Lanarkshire 


P. Mica group 


IV. G.toV. 
IV. U. 


Am. G.,V., 

8 . 

V. A.toV. 

1. H. 

V. V. to 

O. 

IV. V.toR. 
— D. 


ni. V.,D. 


Strongly doubly re- 
fracting 

Resembles Ilvalte 

Brown coal, very 
abundant, almost 
[worthlesB 

Brown haematite. 
Iron (50 per cent.); 
poUshing, paint 

Cobalt (67 percent) 

With Ollvenite 


A buff, compact 
iliroestone 

81 
T 


Magnetite FesOs B*on-blaek 5 5*5 

Magnetopyrlte, t. Pyrrhotite 

Malachite (Ctt0H)8C03 Emerald-green 8*8 8*5 

Malaoollte, DIopsIde 
Malthastte; t. Smectite 


ment8,j6weneffy, 

[pigment 


* Uipastones are otUy Impure tnaiilve Oaleite or Ddomite ; varieties very numerous, depending on ImpurltieB 

largely used In building 












Mlut'ttls. 

CbMolssl fwurate 
' ar«Mipeaitl«Ru 

Oetovr. 

AO. 

m. 

c.a. 


fivdMte W otter 

' nMiirte. 

If angftiiite 

MnO^ 

Bhwk, Bted-grey 

4*$ 

4*tt 

IV. 

if. " 

Mangaiieie (60 per 

iCaikgaiiocallte, t. Bhodocroeita 
ift&guioftUbttte 


Blach 



IV. 

0 . 

Found in ewlMdS^ 





grains 

IfbrUe 

HaroMite 

Ifafodine, f. Braunite 

r«B, 

BiCaAUSliOi, 

White, yellow 

4-7 

8 

4*5 

IV. 

M. 

P. 

Iron (48 per eent); 
UeweUery 

Margarite’ 

White, grey. 

8 


' 


green 






tfaigarodite, «. HuaeoTHa 
Madoiilte. «. Hydroatncite 
MarUte.. ^ 

Matlockite 

Maenpcbaam 


Black 

Tellowlah 

White 

5 

7-2 

0*08- 

1*27 

8-7 

2*75" 

2*25 

n 

Bm. 

A. 

D. 

[Iron (70 per eenL) 

A psendomorph i 
Translucent 

Porous ; tobacco 
plp«a 

Ifaioaite 

Cii4A1e(A10) 

Cdoi]^eaa to 

2*7 

6*76 

n. 

V. 


Ifelaconite 


white 

Bron-blaok 

6 

6 

Y. 

H. 

Black copper ore 
(79 per cent.) 

Ifdanophlosite 

FCiSOs, and O 

Brown, colourless 

208 

6*76 

— 

V. 

Psendo-isometrio or 
II. 

Melanterite 

FeSOs.THjjO 

Qreen 

1-8 

2 

V. 

V. 

Copperas; eoromer- 
clally from pyrites 
In Cmd, Lignite, 
etc. 

tfelUte 

(Ti.Fe>jO, 

Teltow, brown 

1-6 

3 

n. 

G. 

tfenaccanlte, 9 . Ilmenlte 

Iron-black 

4*7 

8 

ni. 

M. 

T1 makes it worth- 
less as iron ore 



Yellow 

71 

3 

IV. 

A. 


Men&xite 

Na^04Jaa 

White 

1*8 

8 

FI. 

V. 

Soda alnm; ealiec^ 

(S 04 ) 3 . 2 iHs 0 






iwinting, soap 
making 

Occurs liquid; In 

Mercury 

Hg, with Ag 

Tin-white 

IS* 5 


I. 

M. 

arts, science, and 

medicine 

Between NatroUte 

Mesolite 

Na,Al,Ca,fllOs 

White, colourless 

2*3 

5 

IV. A 


Wh,o 



V. 


and Scoleelto 

Meeotype, r. MesolUe* Natro> 







Ut«, and Seoleclte 
Metactnoabarite 


Oreyfah-black 

7‘8 

3 

I. 


Similar to Cinnabar 

Miarsyrlte 

Grey to black 

6*3 

8 

V. 

K|9 

[Silver Seep. 812 

fMica 


0 





See aUo Amaion 
Stone 

If ierooline (Felspar group) . . 

(K,Na)A18i30s 

White, yellow, 
etc. 

2*5 

8*25 

VL 


MlcroUtc 

CaeTaaO? 

Yellow to brown 

6*5 

6*6 

I. 

*• 


MiUerite 

NiS 

Yellow 

5 

4 

III. 

ITS 

Mimetesite, Mimetito . . 

PbCls^PbsAseOs 

Yellow, brown, 

7*1 

3*5 

111. 


Lead. See p. 5985 

Mineral coal, «. Anthracite 
Mineral wax, $. Oxokerit 


etc. 




wBm 

See n. 5988 

GlaubeFs salt 

Miniam . . 

Mirabilite 

Pbs04 

NasSOs-lOHsO 

Bed 

White 

4*8 

1*5 

2*5 

1*76 

Am. 

V, 


Miepickel 

Misy, s. Copiapite 

FeAsS 

Tin-white 

8 I 

5*5 

IV. 

M. 

Arsenopyrite, ar- 
senic ( 48 per cent.) 

Mixite 


Green 

8*79 1 

8*5 

V. or 

VI. 


Translticent to 

transparent 

Mixsonlte, «. or v, Wemerite 






[per cent.) 

MolybdenUe 

MoSs 

(Ce,La.raP04 

Beddiah-grcy 

4*8 

1*6 

ni. 

M. 

Molybdenum (80 

Monazite 

Bed, brown 

5 

5*25 

V. 

E. 

Found as sand ; 

Montebrasite, i. Amblygonlte 





(gas mantles 

Monticellite 

0 a(Mg,Fe>Si 04 

Colomices, etc. 

8*15 

5*25 

IV. 

V- 

Olivine group 

Montmorillonlte 

Moonstone, r. Orthoclase and 

HsAiflSUOitt (?) 
Al,^a,»^ 

Bose-red 

2 

1 

Am. 

Soapy feel 

Precious stone 

1 White 

25 

8 

V. A 

V.- 

Olignclase 





VL 



Horvenite, f . Harmotome 

Moss agate, e. Qiiartx. . 

SiOs 

Dark green 

2*8 

7 . 

111. 

V. 

Contains dendritic 

Mountain cork, «. Asbestos 





[MhOs ; jewellery 

Mhndic, a. Pyrites 

Muscovite (liioa) 


Grey, white, etc. 

8 

2*5 

V. 

P.Tp 

In most granites : 
glass substitute, 







stove-donrs,wall- 
papermfr., elec- 
trical apparatus 


NAOMITM, V. Sadinlte 

A)^s.SiOB>2HsO 

White 

2*3.2*8 

0 *6-1 


P. 

Nagyagite 

AnaPbi^bi 

Grey to black 

6*9 

1*6 

IV. 

M. 

Gold, a snlpho- 






tdlurlde 

Dimorphic 

Natroealelte, #. Oaylusslte 

Whlte^ellow, 

White 

Katrolite 

* 

Als(8i04)3KaA 

2*2 

5 

V. A 

IV. 

V. 

V. 

Xatron 

NaaOQs.lOHflO 

1*4 

1-1*5 

V..B. 

In solution in soda- 

Necronite, «. Orthoclase 

Needle ore, t. Aikinite 






[lakes, £gn>l^ etc. 


Neotocite 


Btedc to brown 

2*76 

8*5 

Am. 

Bm. 

Opaque 

Nephelite, Nephetlne . . 


WUte, grey, etc. 

2*8 

8 

IIL 

V.,B. 

Nephrite, v, Amphibole 

» WS4 

y* jMgslSlOiys ^ 

White to green 

2'9-81 

8-8*6 

V. 

V. 

Carved into oma- 
mente by early 
man; may be Act!- 
ndlteorTremollte 

* ICarbles are impore nasaiTe Caleite gr Dolomtla: amy varietiei, largabr osed'lii bnSdUig 
t Mica group includes many different mlitetala haring aimUar dearage. Ooremerdal mlea la Kiiae(nm or Blotita 
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KMonoiioaiite * . 
NewiftMIdtc, f . Iridoimine 
iilooolito 


NiolMl Uoom. «. Aimaberglte 
NiokeUiie, $• NIoooUto 
NioMt^ «« Colambitd 
Nitre (8«ltp«tfe) 


CaMmloet fDrmetii 

or«omfo«ltlgii. 


mAfuwltlife, 

Oo,Sb 


Kontronito 
Noiite, Noeean. 


5H«0 

AIsKteOl 

8O4MWC 


OMIDIAN <A rook) . . 
Ochroite, t. Certte 
Ootahedrite, e. Anataee 
*Odoiit^ite 

Oligoelaae (Fels]Mtr group) 
Olivenite 

Olivine (Olivine group) 
Omphacite, e. Augite .. 
Onofrite 

Onjrx, e. Agate . . 


KNaeAlaSiieOflB 


A]e.NiLCa.8ie08 

<Cu0H)CiiAs04 


Opal 

0]»hlte, e. Ficrolite 
Orangite» e. Thorite 
tOrientai amethyst « etc. 
Orpiment 


SL02.aH20 


Orthtte, §. Atlanlte . . 
Qrthoelaee (Potassium Felspar) 
Osmiridlum, s. Irldoemiiie 

Ox^te 

Osokerit, Osocerite .. 


PAOHMOLITS 

Paisbergit^ «. Rhodonite 
Parasft, t. Boradte 
Paristte 

PatriDite,f.Aikin1te 
Paulite, f . Hypersthene 
Peacock ore, f. Bortiite 
PectoHte . . . , 


Peganite 

Perlolaae, Periclaslte . . 

Peridot, t. Olivine 

Perlite 

PerofSklte, Perovskite 
Pet^ite 

Petroleum 


Petzite, e. Heeslte 
PhacoUte. e. Chabasite 
Pharmacoohalcite, t Olivenite 
Pharmaoolite 

Pharmaoosiderite 

Phenakite, Pheuacite . . 
PhiUipsile 


Phlogopite 

j^osgenite .. ,, 

Phosphoro<dia]cite 
Phowoitte, i. Apatite 
Phyealitei e. Pymhi^te 
Plcotlte* t. C^lo^< . 

Plcrolitei, e. Serpentine 
Pictita,#. ^)heiie 


(Ca,OH)sP 04 



V*, G. Traiuparent to 
_ (translnoent 
Klckel(48pereentJ 


Green, yellow 


AssSz 

Al(E,Na)Sls08 

(Fe(M4)2.SHaO 
Hydrocarbon, 
methane series 

Na,(JaJ*.AlFa. 


NaaCae(SiOa) 

(0Hs.Alj^04)a. 

3H«0 

MgO 

(li^^Na^Al 

Mixture i 
paraffins 


(Ag,Au)aTe 


Yellowish-white 

4'36 

Whitish, greyish 

2-73 

Green, etc. 

2-6 

Colourless to 

8-67 

green 

Pistachio-green 

Grey 

Black, teown, etc. 

S‘4 

2'4 

4 


Green, brown 
Colourless, etc. 


Brown, red 
White, yellow, 


(M^e)0(Al. YeUowidi-brown 
(MgtFejjfHjsiaOs Green, yellow 


Me. 

Am. V.,W. 


Iv. B. Arsenic (61 p.c.); 

king's yellow 

V. V. Porcelain glaze ; 

[Jewellery 

Me. 01. 

Am. R.,D. Candle mfr., bees- 

wax snbstitute 


HI. V. In emerald mines 


A Hornblende va- 
riety 


IV. V. Precious stone 

Am. V.,P. A felspar 

I. R.,A. 

V. .V.,P. 

— — A liquid saturating 

sandstones. Hlii- 
mination, heat. 


tV.(?) M. 


power, gas mfr., 
lubricants, etc. 
Gold, silver 


V. V.,P. 

I. V. Pyroelectric 

ni. V. Precious stone 

V. V. 

V. P. Mica group 

II. A. to Lead 

R. 

— G. to Pseudo-malachite 

V. 

I. To, Chrome spinel 

rv. wrto A grea^. variety is 

B. lainori^oos 


* OtotoUte is bins loisU-tooth, very ahnUar to true Turquoise. Bss pages 6863, 6866. 
t Oriental amelliy^ emerald, an^ topas are vio^t, green, and yeUow sapphires, respectively. 
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mnsnliw 

CSHnUoMl tonnaiii 
or ootapMitloQ, 

Colour. 

8.0. 

D 



Piedmootite 


Reddish 

8*4 

6*5 

V. 

V.,P. 


<M^)a.(8i04h 






Pingutte, e« Ohloropal 
^tadte. c. Epidote 

PistooMte 

Plielistone 

OftMOOt 

Oim 

YeUowish 
Green, red, etc* 

1 

4 

2*2 

2*8 

4 

5 

Mass. 

m. 

Am. 

V. 

V. 

B. 

Plttlolte,PittlMte 

Fe»^)s4 

(B04)^miTO4. 

Brown 

2*8 

8 

Am. 

V. to 
G 

Plaster of Paris (see Oypsum) 




1. 



Pt, with Fe,Ir, 

Sted-grey 

16-19 

6*75 

M. 


Os, etc. 





Plattnerite 

PbOs 

Iron-black 

9*4 


m. 

M.,A. 

Plumbago, e. Graphite 
Plumboierrite 


Black 


5 

Mass. 


Polianite 

Polyarsenite, t. Sarldnite 

Steel-grey 

4*8 

6 

U. 

M. 


Polybasite 

Polycrase 

Polybalite 

Pblymignyte 

Porcdain earth, s. Kaolinite 

(Ag,Cn)i8 

(8b,As)^i2 

(CtLjtUYj^Ch 

Tlia^ttCNfi 

Cs^Ik, 

(ao4),.iH20 

Ca4(CeJe)i.C» 

(KM),)a.(nZr, 

ThhoOv 

Iron-black 

Black 

Bed, grey 

BUek 

6*2 

5 

2*7 

4*8 

2*5 

6*5 

8 

6*5 

IV. 

IV. 

FI. 

IV. 

M. 

V. to 
B. 

V..B. 

Bm. 

Potash alum, #. Kalinite 
Potetone, an impure Steatite 

SAKF.OH^ 






Prehnite 

Proeopite 

Green 

Golooiiess, white 

2*8 

2*88 

6*5 

4*5 

IV. 

V. 

V. 

V. 

Prousilte 

Pseudomalaehite, s. Phos- 
phOToohalcite 

Piilomelane 

AfeiXsSa 

Bed 

5*42 

2*75 

III. 

A. 

Mn manganate 

Bluish-black 

4 

6*25 

Am. 

Sm. 

Pucherite 

Pumice. See Obsidian 

BiV04 

Brown, red 

5*0 

4 

IV. 

A. 

Purple copper, s. Erubescite 
Pyrargyritc 

AgsSbSs 

Black to red 

5*8 

S 

III. 

M.A. 

P^gom, e. Fasaaite 






Pyrites » 


Brass-yellow 

5 

6*5 

1. 

M. 

Pyrolusite | 

- 

Black 

4*8 

2 

IV. 

M. 

Pyromorphite 

Pb#Cl(5P()4)s 

Green, Isrown, 

i 6*6- 

8.5 

HI. 

R.toV. 

etc. 

7*1 




Pyrope 

MgiiCadSiO^ls 

Blood-red 

3*7- 
[ 8*8 
! 2*8 

7-7*5 

I. 

V. 

Pyrophyllite 

AlH.(Si03)ii 

White, green 

1*5 

IV. 

P. 

Pyrophysalite 
l^ostilpnite . . 

PSToxene, e. Aogite 
Pyrrharsenite, e. BerzeUite 


Yellowish-white 

Bed 

8*49 

4*25 

8 

1 2*5 

IV. 

V. 

V. 

A. 


Pyrrbotite, Pjrrhotiae ' 

FeiiSig 

Bronze-ydlow 

4*6 

4*5 

III. 

M. 

QUARTZ (sUlca) 

SiOs 

Ckilouiiess and all 

2*7 

7 

III. 

V.toO. 


colours 





Quenstedtite 

Quicksilver, s. Mercury 

Fe2(804)3.(H20) 

Beddi^-violet 

2*1 

2*5 

V. 

V. 

S 

1 

1 

(Na8Mg)Fs.3Al 

(F,0i):i.2H20 

Colourless, milky 

2*6 

4*5 

I. 

V. 

Eealgar 

Bed lead or^ e. Crocoite 

Bed ochre, v. Turgite . . 
Eednithlte, # . Copperglanoe 

Aa^Sj 

Aurora red 

3*5 

2 

V. 

R. to 
A. 

FeaO, 

Red 

— 

— 

Am. 

£. 

Besinit, e. Pitchstone 

Betinite 

Bhsstizite, e. Cyanite 
Rhodochroslte 

(Mn,Ca.Fe,Mg) 

COs 

MnfMOs 

Rose-red 

8-5 

4*5 

m. 

V.,P. 

Rhodonite 

Bose-red 

8*5 

6*5 

VI. 

Bhodophylliie, e, KAmmererlte 
Riebeclcite 

2NaFe(SiOs)2. 

Btadi 



V. 

V. 

Biemannite, s. Allophane 
Ripidolite 

FeSiOs 

Green 

2*7 

2*5 

V. 

p. 

Bock crystal , v. Quarts 

Ootourless 

2*7 

7 

HL 

Tp. 

Bock salt, «. salt 








* R«tlnit«. A genwic t«nii for victpos amlMr-lUie fo«U CoptlHe 


frodoou. tWMi or otiMr 
romofkt. 


Epidote groap 

Vcrr atmihur to 
CCbloropgl 

A natural glaif 


Bdentlflc and rargl- 
oat tnitrumenta, 
jewdlery, photo- 
graphy, etc. 


SUvtf <75percent.) 

Vttrtum, tltaninm, 
uranium, niobium 


Ce, Nb, Th 


Silver (66 per cent.) 


Very variable ; 

[manganeae 


Silver (59 per cent.) 

(sulphuric acid 
Iron (46 per cent.), 
Common ore for Mn 
[and Mn 02 

Bohemian garnet 
( wrongly Cape ruby) 
Similar to Agalma- 
tolite 

Opaque topai 

flron (60 per cent.), 
: ferrous sulphate, 
V sulphuric acid 

Most common rock- 
constituent; glass 
mfr., pottery, 
metallurgy, etc. 


Arsenic ore (70 per 
cent), pyrotechnics 

Mixed with clay : 
[pigments 


French Hn ore (47 
per cent.) 

Manganese spar : 
[Mn (41 per cent.) 

Hornblende group ; 
similar to Aonute 

Transparent, dleh- 
role 

Oarved and cut into 
ornaments 
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or <MMpoittioii4 


Colour. 


Prodiioto. turn, or otbtr 
rainariu. 


Eftmerlte 

Boscoellte 

Rom ftMUT) «. Bliodocroiite 
Roseltte 

Buby» 0 . Corundam . . 
Rutile 


MHkITtti V. Pyroxene 

Sftl ammoniac 

Balmiak, «. Sal ammoniac 
Salt, common . . 

Saltpetre, ». Nitre 
Saniarskite 

Sandbergerite, i. Tennaiitite 
Saponite 

Sapphire, v. Corundum 

Sarklnite 

Sartorite 

SasBolite, Sassoline . . 
Scapi^te 

Scheelite 

Schirmwite 

Schorl, Sohdrl, v. Tourmalins 
Schorlomite . . 

ScleroclaM, t. Sartorite 
Scotecite 

Scorodite 

Seladonite, t. Celadonite 
Semeline, n. Sptnth^re 
Senarmontite 
Seplolite, §, Meerschaum 
Serpentine 
Seyb^tite 

Siderite 

Sideronatrite . . 

SUex, f. Quarti 
Sillimanite, v. Fibrolite 
Silvei* . . 

Silver fahleri, $. Freibergite 
Silverglanoe, a. Argentite 
Skuttenidite . . 

Smaltite, Smaltine 

Smectite 

SmithBonite . . 

Soapstone, a. Steatite 
Sodalite 

Soda alum, a. Mendoxite 
Spathic iron, a. Siderite 
Specularite, a. Httmatite 
Sperrylite 

Speaaartite, Spesaartine 
Sphalerite, a. Blende 
Sphene, v. Tltanite . . 

Spinel 

Splnth^re, e. Sphene 

Spodumene 

Stannite, Stannlne 
Staaidartlte, a. Boraoita 
Staurollte 

Steatite, v.Talo 

Stepbanite •• «• 

Sternbeffite . . 



TI 8 O 4 


1^ 


NaCl 


(Fe,Y,Ce.Er)4. 

(Nb207)8,U02 

(FeO,CaO,MgO)e 

Si<)AlB0a,Fe20a. 

^ie08«18H]i;0 

Mn(Mn.6j)A804 

PbA«.S4 

AlfcAIO^ 

(SioAlOs) 

CaW04 

(AggPblaBUSs 

(Ca,Fe.Mg), 

(Fe,Ti)2.3SlTt04 

OaAl.Al(OH)2. 

3Si0a.2H20 

FeA804.2H20 


SbjjOa 

H4Mg38i«p« 

H6(Mg,Ca,Fe)io. 

Nai(Pe.OH)a 

(804)a 

Al(A10)Si04 

Ag 


CoAsa 

(Co,Fe,Nr)A88 

AlaHg8W3)4. 

Zn(fOa 

Al3(Al.Cl)Nao 

( 8104)4 


(Pt,RhKA8,Sb>2 

Mn8Fee(Si04)3 

CaSlTiOs 

MgtAlOaki 

CaSITiOs 

Al(Ll,Ka) 


•iUttaSbiS. 


CoUmr. 

fl.O. 

V. 

<10. 

Appmr- 

Pr«iliiot». turn, or otbtr 




MIM. 

rottorito* 

Brown, ydlow 

2*17 

8*25 

VI. 

V. 

Pleochroio, trane- 





parent 

Brown, greenish 

2‘98 



p. 

Found in email 





scales 

RoM-red 

8*65 

8*5 

VI. 

V. 

Tp. ; turns bine 





heated to 100»C. 

Red 

4 

9 

III. 

V. 

Precious stone, p. 






5855 

Red, brown 

4 

6*5 

II. 

A. 

Resembles Cassite- 






rite ; porcelain 






painting, artifi- 
cial tee& 

Green 

3'26-* 

6 

V. 

V. 



8*4 





White, yellow 

1*6 

1*75 

I. 

G. to 

Volcanic product; 



« 

V. 

commercially ar- 






[tificial 

White 

2*15 

2*5 

I. 

V. 

In stratified forma- 






tions, arid regions, 






flakes and seas 

Velvet-black 

6*7 

6*5 

IV. 

V..R. 

Cerium and yttrium 
metals 

White, yellow 

2-2 

1*6 

Moss. 

0 . 

Scotch igneous 
rocks 

Blue 

4 

9 

III. 

V. 

Precious stone, p. 

■ [6855 

Rose-red, yellow 

4*18 

4*5 

V. 

0 . 

Lead grey 

5*4 

8 

IV. 

M. 


White, yellow 

1*6 

1*5 

VI. 

P. 

Native boric acid 

Grey, white 

2*7 

5*5 

II. 

G.,V. 

[per cent.) 

Brown, yellow 

6 

4*5 

II. 

R.,A. 

Tungsten ore (63 

Grey, black 

6-74 

— 

IV. CO 

M. 

Silver 

Black 

8*85 

7*25 

I. 

V. 


White, yellow, 

2*3 

6*25 

V. 


Pyroelectric, trans- 





parent 

Green, brown 

3*2 

4 

IV. 

V. 

Arsenic 

WTiite, grey 

5*2 

2*26 

I. 

A.,R. 

Antimony 
f Building-stone ; 

\ finer varieties 

White 

2*5 

2-4 

V. 

tt.toG. 

Brown, yellowiah 

3 

4*6 

V. 

P.,8m,' 

V as marbles 

Yellow, brown 

3*8 

4 

III. 

V.,P. 

Iron ore (48 per 

Yellow 

2*25 

2*26 

V. (?) 


[cent.) 






[Cyanite 

Grey, brown 

3*2 

6*5 

IV. 

.R.,V. 

Dimorphic with 

Silver-white 

10*6 

3 

I. 

li. 

Occurs fibrous, mas- 





sive or in films 

Tin-white 

6-7 

6*76 

I- 

M. 

Cobalt 

Tin-white, grey 

6*7- 

5 

1. 

M. 

Cobalt ore 

6*8 





Grey 

2 

1 

Am. 

W. 

Soapy feel 

White, greyish 

4*2 

4*6 

III. 

V.,R. 

Zinc ore (52 per 





[cent.) 

Blue, grey, etc. 

2*1 

6*6 

I. 

G.,V. 

[nickel ores 

Tin- white 

10*6 

6*6 

I. 

M. 

Found with Ontario 

Hyacinth-red 

♦Cb 

7 

I. 

V. 

A garnet 


4*8 ^ 





Yellow 

3*5 

6 

V. 

G. 

Often translucent 

Black, red, 

3*5- 

8 

I. 

V.,R. 

Precious stone, p. 

green, etc. 

4*9 




6855 

Green 

8*5 

6 

V. 

V. 

Often seed-ilke 





form 

Grey, white, 

8*1 

6 

V, 

V. 

Used in jewellery 

|been 

Grey 

4*4 

8*5 

I. 

M. 

Tin P^tes ; tin 
[(27 per cent.) 

. Brown 
• 

8*6 

7*6 

IV. 

V. 

Grey, green, 

2*7 

1-2*5 

IV., V. 

. V. 

Flrebildi, mantels, 

etc. 





Fienoii chalk, poh 
iahes, carving, etc. 
Silver ore (M per 

Grey 

6*2 

2*76 

IV. 

M. 



IV. 


cent.) 

Brown, yellow 

4*2 

V5 

M. 

SUver 
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oiMitti«a ioturaiii 
«r ooiapotltlan. 


Stibnite. . 
BUlbite .. 


StUpnonwUuie . 


Stoliite 

Btnhisteiii, t. ActiiioUte 
Stream tin or^t. Caasiierite 
Strieiisan, t. wavellite 
Stromeyerlte, Stromeyerlne . . 

StroDtianite 

Struvite 


Suoclxkite, I. Amber 
Sulphur^ . 




C40HMO4 

8 


SuDStone, v. Oligoclaae 
Suasexite 

Sylvauite 

Sylvite, Sylvine 


TABULi 

ionite 

Talc 


Ri t. Wollaa- 


Tantalite 

TeUurite 

TeUnrium 

Tennantite 


Tenorlte, v. Melaconite 
Tephrolte 

Tesselite, t. ApophylHte 
Tetradymite 


Tetrahedrite . 
Thenardite 
Thermonatrite 
Thomsonite 
Th(»ite . . 


Thorium sands *• Monaaite 
Thumite, t. Axinite 

Tiemannite 

Tin 

Tin pyrites, «. Stannlte 
Tin stonejS. Cassiterite 
Tincal, f. Borax 
Titanite, «. Sphene 
Titanomorphite, t. Sphene 
Topax 


Topax, oriental, $. Citrine 
Torberite, Torbemite, Cnpro- 
uranite 

Touchstone, t. Lydianstone 
Tourmaline 


Travertine, t. Caicite 
Tremolite (Homblende group) 

Tridymite 

Tripe stone, #. Anhydrite 
Triphane, s. Spodiimene 

TriSuS*?!’ : 


AlCaSiaAlOg 

(M|jM^n) 

(Ag,Au)Tes 


HgMibBUOis 


Te 

CugAsgS? 


CuO 

MU2Si04 

Bi2(Te,S)a 

w 

NasC08.HaO 

2Al8<Ca.Na2) 


CaSiTtOs 

2A^Q^SiO& 

2U08.Cii(P04)b. 

SHaO 


Hg3Ca(SiOs)4 

BiOs 


Trlpolite 

Trona .. 
Tschermigite 


LUFe^nVPOs 

MmmUuly 

Bl<h 


Lead«gr^ 

White 

Bteek 

Qrey, brown 


Iron-Uadc 

brown 

Yeliow 

Ydlow, grey 


Eeddish-grey 
Pinkish- 
white 

Steel-grey 8*15 

White, grey 2 


White, green 2*7 


White, yellow 
Tin-white 
Steel-grey 


Grey, black 

Grey, red 

Grey, white 

Grey, black 

White to 
brownish 
White to 
yeUowish 
White 

)ran|e^eilow, 


Grey 

Tin-white 


Brown, green, etc. S* 5 

Ydlow, blue, 8*5 8 

white, red 

Emorald-green 8*5 


All colours 


White, greenish- 8*2 
grey 

CcdourlMS to 2*8 
white 


Oreeniab, grey 
Brown, black 

^^te, grejflsfa 


Qr^, white 
White 
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CM«I« 
or ooMfosIHim. 


.. .. 7e4Q»(Ofi)g 

Tivq«otoe» CalUdte • . A]g(OgOK>4< 

TyniUte (Cboia&a 


Tjionite * •• 

umTAMin 

Ukxtte 

UUmaniitte *. 

UltnunarlDe, «» Lapto lamU 

UraalAlte 

Uimnite t. Torberlte ' 
UrMiogttiiiikit<,#.Guiiiiiilte i 
Ur»0( f . Trona 
Urvdlinrta, <• Herrengrotidita 
Uvwovite 


Bad^Hsh blaek 
to red 

' Blue, green 


A]g(0^B04< ' Bine, green 

(Ono S^ (At *3^6 to green 
XC^U^^t T«iUaw to teowB 


Hydrocarbon 

(kHaBsOg^ 




Ca«CrB(Bl04)3 


Afipmr- JProdttcte. imim. or other 
MMO. reknorlM, 


Am. I Sm. I Iron ore (66 per 


VamlBhee, etove^ 
[blacking 

Nickel (27 per 
[cent.) 

Rare 


Calcium>«hroniiam 


Vanadlte, t . Desclolzite 
VarUolto 


VALBNTIMITS SbaOs 

Vanadlnlte PbcCl(V04)« 

Vanadlte, t . Desclolzite 

VarUolto AIP04.2 Hb 0 

Veeuvian, «. of Idocrase 

Vitriol, t. Ooelarite, or Chalcanthlto 

Vlvlanito Fe3(P04)8.8Hs0 

Volborthito (Cu.C^(CnOH) 

Volcanic glas^t. Pumice 

Vdlkneiite, «. Hydrotoldte — 

Vulpinito, V. Anhydrito « . CaS04,6l()8 


WAO| bog manganeee 


Wagnerlte 

Warwiokito 


CaS04,6l()s 

HaUngOs 


Wemerlte. f. Scapollte 
White antimony, t. Valeutliilie 
White copperas. «. Coauimblte 
WiUemite. Wtlhelmito 
WiiUamstto, v. Serpentine 
Witherlto 

Wittichenlte, Wittlchito 
Wittingito,«. Neotoclte 
WoUram, Wolframite. . 


Wollastonlto 

Wulfenite 

Wurtsito 


2(A1.0H)s 

(P04)8.9Ha0 


20.-8104 

BaCOs 

(OualsBigSe 

(FeJtfn)W04 

CaSiOx 

PbMoOi 

(Zn,Fe)S 


Green to , 
coionrless 


Blue, green 


Siskin-green 


Brown to 
blue-black 
Yellow, white 
Bluish-black 

All colours 


White, grey, etc. 4 
White, grey, 4 


Grey, iron-black 


White, grey, red 


A. Antimony (83 per 
cent.) 

E. Similar to Endli- 
chiie 

V. Variety of Callait 


V. V.,P. Transparent to 

translucent 

— P.,M. 

— — See Obsidian 

— — Cut and polished 

for ornaments 

Am. E.,D. Bleaching, umber 

paint 

V R 

IV. 8m., Pleochroic 
P. 

IV. V., 8. 


III. V.,R. Zinc ore (60 per 

[cent.) 

IV. V.,B. 

IV. M. Bismuth (42 per 

[cent.) 

V. 8m.. Tungsten (76 per 

A. [cent.) 

V. V. A veinstone 

II. A., V. Molybdenum (26 

III. A., P. Iper cent.) 


XANTHOCONITB, Xantho- 
cone 

Xanthoslderite 


Ag3A884 * I Grange-yellow 


Fe80,(0H)4 

(Y,Ce)P 04 


Gold-yellow, 


III. A..P. Silver 
Fi 8., G. In needles 
II. R.,V. Yttrium, cerium 


VBNITI, a. Ilvaito 
Yttrooerite 


Yttrotantalito 


tARATlTK . . 

Zeagonito, «. Gismondito 
Zinc blende, t. Sphalerite 
Zinc spar, $, Calamine 

Zincite 

Zinkenite 

Zinnwsldtto, e. Lepldolito 


(Y.Er,Ce)F». 
(CaF)s.Hi0 
Y(NbJa)p4 A 
V,W.Br,Ce.8n 
2Nl(OH)]i 
NiC0a.4H20 


(Zn.1^0 

(Li,Kf^;^ 


Ziroonite, «. Zircon 

Zolilte A1,6U.0 H)Cm 

Zunglte 

(WO.)* 


Violet, yellow, 

Cdoorless, and 
all colours 

Grey, red, etc. 

Cdourlees 



8m., Opaque 
V. 

V. Nickel (46 per 
cent.) 


Sm. Zinc (80 per cent.) ; 
M. [New Jersey ore 
P. In layers of oilier 
ent colours 

A.,R. In Jewellery. Sw 
p. 5855 


V. dear and trans- 



























tho gromid oormd withont attending leetnrea. 
Where a student ie reading for his degree up at 
Oxford or Cambridge ha is quite unable to attend 
Bar lectures in London. If he is not at one of the 
universities it will nay him to attend the lectures 
assiduously. He will find the readers and lecturers 
ap]wmted by the Inns of Court willing to help him, 
and there can be no doubt that he will shorten his 
labours very considerably. The subjects in which 
he will be required to pass a satisfactory test are 
given in the schedule on this page. They may be 
taken at different times, as will be seen from the 
appended form ; and it may be said at once that 
the standard, though higher of late years, is not 
by any means a prohibitive one. Men are not 

ploughed*’ in any great numbers; no doubt the 
theory being that any fairly intelligent man who 
desires to b^ome a barrister should be allowed to 
do so. And then it resolves itself into a case of the 
survival of the fittest 

The Call to the Bar. When the student has 
passed all the examinations, and “ eaten ’* his 
recmired number of dinners, he may proceed* to his 
caw. But certain preliminaries are still necessary. 
He must get a bencher of his Inn to propose^him for 
call. There should be no difficulty about this. Some 
barrister of his acquaintance will be able to intro- 
duce him to a bencher. He must then pay £80 to 
his Inn, allowance being made for the £30 already 
lodged on account of battels, etc. That finishes 
the money part of his liabilities. His name is 
screened in Hall for a stated term before eaU nig\t 
“ Call ** nights come once in every dining term — 
that is, four times a year — vii., January, May, 
June and November. The ceremonies may differ 
a trifle in detail at each of the four Inns. At the 
Inner Temple, after dinner in Hall, the students 
about to Be called are ushered into tlm ** parliament 
chamber ** or “ common-room,” where the benchers 
are drinking port and eating their dessert. The 
students are placed in a standing line along the 
walls of the room. Each one is given a glass of wine, 
and the benchers drink to them. The treasurer of the 
Inn, or the senior bencher present, makes them a 
little speech — generally telling them what a very 
difficult profession they have chosen. The senior 
student is then encouraged to make a suitable rep'y, 
and the ceremony ends. The young man has been 
raffed to the Bar, and is in a position to hold himself 
out for practice. 

Technioallv, he may row oons'der himself a 
^ull-fiedged barrister, but the custom of the pro- 


feaskm has Introdnoed a practice known as '* reading 
hi chambers.” The young barrister, in return for 
a fee of £105, obtains ths nm of the chambers 
of some busy barrist^ for the space of one vear. 
He has his desk in these cham^Sf reads all the 
brmfs, draws pleadings, which his chief may or may 
not use according to their value, goes with his chief 
into court, and, in fact, ” learns the ropes ** of the 
profession which he has joined. There is no hard 
and fast rule about one year in one sot of chambers, 
nor is it necessary for a man to wait to be called 
before he goes into chambers. Ho can enter while 
still a student and at any age the barrister with 
whom he reads may choose to take him. No man 
is eligible for call to the Bar under twenty-one, but 
anyone may become a student as soon as he can 
pass the qualifying examination for admission. 

Again, as to the length of time in these chambers, 
many young barristers stay two years ; others, 
again, stay six months in common law chambers, 
and six months in equity chambers — and try to 
find out in that way in which direction their bent or 
interest lies. 

Specialiaing. Directly he has been ” called,’* 
the young barrister has to mak^ a very definite 
chdice. . Ho must make up his mind whether he 
will hold himself out for practice on the Chancery 
side, and become learned in conveyancing and 
tnists and partnership deeds and the like, or remain 
on the common law side of his profession, including 
anything from running down cases to libel and 
slander. He must make his choice advisedly, for, 
once started, he will find it exceedingly difficult to 
change over. 

If the young practitioner elects to stay on the 
common law side, he will have to think of joining a 
circuit. Let him remember that this is a step to 
be taken early in his career. If he joins within a 
yoiw of his “call” he will find no difficulty in hi^ 
way. He must get a member of the circuit to 
propose him, he must dine three nights ” on 
approval ” at the circuit mess, and pay a matter of 
seven guineas as an entrance fee. Then his election 
will .follow more or less as a matter of course. On 
the other hand, if he presents himself for election 
five or six years after his ” call,” he might find that 
the circuit refuses to elect him, on the theory that 
he has stood outside too long making up his mind 
which circuit to go, and therefore he may stand 
outside altogether. 

The a 11-import int question of chambers in town 
is another matter which concerns the young 


SCHEDULE OF EXAMINATIONS FOR BARRISTERS 

Examining 
Body and 
Grades. 

Time and 
Place of 
Examination. 

Subjects of Examinations. 

Fees and 

Age Limits. 

Obligatory. 

^Alternative or Optional. 

Thi Ikns oy 
COUKT 

Preliminary . . 

London 

January 

May 

June 

November 

Roman law, Constitutional 
law (English and Colonial) 
and Legal History 

Evidence 

Procedure, Civil and Criminal 
and Criminal law 

English law and Equity, in- 
cluding : 

(1) lAw of Persons— Mar- 
riage and Divorce. Infancy, 

' Lunacy, Corporations 

(2) Eeal and Personal Pro- 
perty and Conveyanoiim 

(8) Law of Obligations— Con- 
tracts, Torts, Estoppel, and 
Commercial law 

(For those who have' not 
passed certain specified 
public examinations) 
Elementary Latin 

English 

Dictation 

Not under 21 

Included under 
totiU fee of 
gSOtothelim 
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bamster. If ho keept to the oommon low ho 
will elect to have his chambers in the Inner and 
Middle Temple ; the e^ty man will set himself 
up in liincomB Inn or Gray's Inn. A good, small 
room, with the use of a clerk, can be obtained in 
any Inn for from £25 to £40 per annum, wilji a 
£5 .minimum guarantee to the clerk; but the 
young practitioner cannot over-estimate the value 
of bmng in good and reputable chambers where 
there is plenty of bona fide work, even though he 
himself remains during the first years abscuutely 
briefiess. A good clerk who has his master's interests 
at heart helps immensely towards final success. 

Roads to SuocoM* And now with our young 
barrister fully equipped, a member of a circuity and 
settled in chambers in one of the Inns, the question 
that stares him in the face is ** What chance has he 
of success ? ** There are two tests, and two only, 
by which one may judge whether a man may 
succeed. First, “ if a man can work when he has 
nothing to do ; second, '' if a man can live and 
keep himself decent on nothing a year.’* Show me 
a man who can solve these two problems, and I 
will show yon a future judge. In other words, the 
thing that kills most men, so far as the Bar is con- 
cerned, is the inability to keep alive their powers of 
application at a time when no solicitors want them. 
It is easy enough to get up at five o'clock in the 
morning and read In'iefiB when you have got them 
to read ; but the briefless junior who can get up at 
five o'clock and wm'k hai^ is tbe man who will 
succeed. Naturally, the man with private meons 
is in a better position to withstand the years of 
waiting, and that brings us to our second proposition, 
for names Lice Eldon and Herschell remind ns that 
men have risen to the woolsack without a penny of 
their own. The secret of it has been their ability 
to live on nothing. Their absolute necessities they 
have supplied from teaching or writing for news- 
papers, but they have never let these avocations 
draw them away from the main object of their 
lives — the law. The work which brought them food 
wd clothing was never allowed to invade the hours 
when they ^Id themselves out for clients. What 
are the dangers of straying off the by-paths of law 
into Lterature only those mow who have followed 
the will-o’-the-wisp of daily journalism. It is 
useless to deny that private means do away with the 
necessity of working at anything except the law. 
But there comes the dangw of the young barrister 
throwing up his profession in disgust and spending 
his patrimony in a pleasanter and less arduous 
West End life. 


** Dewilling/” Among the recognised roads 
to success is the practice of devilling,” or working 
at the Iniefs of a busy barrister wm> has far too 
much to do to read them himself. Many a man has 
thus come in contact with solicitors ana succeeded 
to the practice of his ’’chief” when the latter 
takes silk” cr becomes a judge or a law officer of 
the Crown. But the ” devil ” must be a very good 
one, able to obtrude his personality quietly but 
firmly, and the ” chief ” must be a man of generous 
instincts, who does not keep his ”Sydn^ Carton” 
rigorously in the backgronna. Natumdnler. Some 
barristers, with far more work than they can do in 
keening with their duty to their clients, ace wfiling 
to delepte it to the point of letting ^ ** devil ” 
have all the labour aid none of the glory. Tli^ 
would not dream of letting their ” dew'* 
for them in court or oome in contact with dielr 
clients. Happily, such men are few and far between. 
The majority of the profeesion are men wi^ generous 
instincts, and the devil ” whoso lot MUs m fnhrly 
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ploasacit i^aoes will not only find plenty of work to 
do, but be will have the run of good chambers, and, 
into the bargain, be naid an ponorariom for his 
trouble. Ab^e all, will have the pleasing 
feeling that he may step Into his ” chiefs ” praotioo, 
althotu^^ as a rule, when a busy junior leaves the 
outer Bar, his work generally OMomes diatributed 
among a number of othw juniors 1^ behind. But tlv» 
” deva,” if he is a man ci any ability, will get some 
of it, and that will serve as a nucleus rouM which 
to build up a practice of his own. 

Failure and Suocene. Failure at the Bar 
is a hard word, but it is a lot to be faced, and by 
very many. Of course, men drift away from the 
Bar into other employments. They b^me jour- 
nalists and civil servants, and go into businesses 
(except solicitors’ businesses, from which they are 
dobanred). And if at forty they find themselves 
still hopelessly bri^fioBs, there always iqmains th? 
West Cmt of Africa — Lagos or Nigeria,' 6r the Gold 
Coast! Other Colonial and foreign appointments 
are not numerous, and it must be statM that the 
briefless barrister without influence in high quarters 
need not ho|M fmr one. Unattractive as they may 
scorn to ambitious twenty, utilitarian forty clusters 
after them. They range from Indian judmhips to 
West Indian law officers, and when one falls vacant 
there are about fifty applicants. The same may be 
said of the minor legal appointments in this oountiT. 
County court judgeships are now eagerly sought 
after by ” silks ” in respectable practice. True, the 
emolument is only £1,500 a year, and the work 
hard and rather sordid. The same may be said of 
stimndiary magistracies, carrying £1,000 a year. 
A Driefless junior, unless he had very influential 
friends, might just as well wish for the moon. To 
this extent, thm, these minor appointments must 
yet be counted among the plums of the plrofession. 

Thm High Court Bonch. Of course, the 
biggest plums of the profession are puisne juc^- 
ships, lord-jnstioesbips of Appeal, and law lordships. 
The salaries range from £5,000 to £7,000, the duties 
are responsible, and surrounded by a certain show 
of magnificence which makes them doubly attrac- 
tive. No King’s Counsel who has not a laige prao- 
tioo need hope to be elevated to the bench unless ho 
has made himself useful in political life by fighting 
for his party inside the House or out If he is a 
Chancery judge, his work will always be in London ; 
if a common mw judge he may havo to go on circuit 
four times a year, for, which he receives ample 
travelling aHowanoes and lodging money. For the 
man who ends up a High Court Judge, the Bar has, 
indeed, been a lucky speculation, but unfortunately 
few do. 

THE 80UC1T0R 

Tbe young man who deoideB to enter the lower 
branch of the legal profrssion must make up his 
mind to a longer term of pupilage, harder qualnying 
examinatkms, and possimy a position of lifelong 
subordinatioii. On the other h«ad« he will earn a 
living waM much earlier hi his career, while the 
mean levd of pecuniary reward is certainly not less 
than that prevailing at the Bar. 

The first step to become a solicitor is to pass 
a preliminary examinatkm before entering into 
articles of emkship to solicitors. lUvery man who 
wants to be a solicitor must first bean articled clerk 
species of appreptioe to the praoUoe of the law. 

Kjcnmlnmtiottn* First of all It may be meii- 
tiqoed that tl^ examtoationa, and, indeed, all the 
offieial steps towards being enrolled, aie conducted 
tbe Law Society, dtanoiwy Lsne, London, W.C., 





thB diartered oompany, to to apeak, of the wo- 
fetthni. And now to d»oX aeriatnn with the three 
examioationa needed to qualify. 

The Prehminai^ Examinatkm ia excused to certain 
candidates, as the following list showa 

«CEMrTI 05 g^rjlg{.^^UMlNARY 

. Bachelors of Arts or Bachelors of Laws at the 
following Univmitiei : Oxford, Cambridge, 
Dublin, Durham, London, Wal^, Liverpool, 
^ I,<eeds, Royal University of Ireland, and Victoria 
University ht Manchester ; Baobelora of Arts, 
Masters of Arts, Bachelors of Laws, or Doctors 
of Law in any of the University of Scotland, 
none of such degrees being honorafyt 

Utter (juniod barristem in England. 

Persons who have passed the following 
exanynations : 

First Public Examination before moderators 
at Oxford 

Previous Examination at Cambridge. 

Examination in arts for the second year at 
Durham. 

Local Examination, Oxford (junior or senior). 

Local (non-gremial) Examination, Cambridge 
(junior or senior). 

Examination of the Oxford and Cambridge 
Schools Examination Board (higher certificate). 

Matriculation Examination at Dublin or 
London (not necessarily in first division). 

Examination for First-class Certificate of the 
College of Preceptors. 

Provided the conditions set out below of the 
order of February 8th, 1905, be complied with, 
persons who have passed the following examinations 
are also exempt 

) (a) Latin snail bv? one of the Subjects taken, and 
if Latin is not a compulsory subject the examination 
certificate shall state that the candidate has x>assed 
in Latin. 

(6) All the subjects required to be taken by a 
candidate shall bo taken at one oxaminat.on, and 
the examination certificate shall state that they 
have been so taken. 


<e) If any aiterathm be made In the regulations, 
eh»aoter, or standard pf an examlnatloii, this 
order shall immediately thereupon cease to apply 
to such examination] : 

School - leaving Examination (Matriculation 
standard) of the University of Loi^on. 

The examination of the Joint Matriculaiicm 
Board of the Victoria University of Manchester, 
the University of Liverpool, and the University 
of Leeds. 

The Matriculation or Entrance Examination of 
the University of Birmingham, and the School- 
leaving Examination (Senior Certificate) of that 
university. 

The Matriculation Examination of the Univer- 
sity of Wales. 

The Examination for the Senior Certificate of 
the Central Welsh Board under the Welsh 
Intermediate Education Act, 1880. 

The Besponsions Examination at St. David's 
College, Lampeter. 

The Local Examination of the University of 
Durham, Senior Pass Certificate, and the Junior 
Certificate, with at least second-class honours. 
All persons who have obtained certificates of 
having passed the Preliminary Examination, or are 
exempt therefiom, may enter into articles of 
clerksnip. 

All (arsons exempted from the Preliminary 
Examination pay an additional £2 on giving notice 
for the Intermediate Examination (Judges Order, 
June 28th« 1004). 

For full particulars respecting this examination, 
the student is referred to schedule on this page. 

No books will be previously specified for the 
language examinations, but passages will be given 
for translation at sight, witti the assistance of a 
dictionary. Candidates must bring their own 
dictionaries. 

Candidates are required to give, at least 30 
da 3 r 8 before the day appointed for the examination, 
notice to the Secretary of the Law Society of the 
languages in which they proiwse to be examined, 
the toum at which they wish to be examined, and 


SCHEDULE OF EXAMINATIONS FOR SOLICITORS 

Examining 
Body and 
Grades. 

Time and 
Place of 
Examination. 

Subjects of Examinations. 

Fees and 

Obligatory. 

Alternative or Optional. 

Age Limits. 

THX LAW 
SOOIBTT 

Preliminary . . 

London and 
some of the 
principal 
towns. 
February 

May 

July 

October 

Dictation 

English Composition 
Mathematics: (a) Arithmetic; 
(6) Algebra, inolasive of 
sixnpio equatloni and de* 
mentary ; (e) Geometry as 
treated in EucUd L to IV. 
Geography of Europe and 
Bfistm of England 

Latin— olmnentofy 

Any two of the following 
languages : Latin, ancient 
Greek, French, German, 
8pani«b, Italian. 

Not under 21. 
For admission 
on the Boll of 
Solicitors. 

£4 

Intermediate . . 

January 

Mardi 

June 

November 

Elementary works ^ on the 
laws of England. 
Elementary Questions <m ac- 
counts imd bookkeeping 



final .. .. 

January 

March 

June 

October 

Principles of the Law of Real 
and Personal Property, 
Conveyancing 

Procedure in au divisions of 
the Court, Ecclesias- 

tical and Criminal law. and 
bractioe and proceedings 
More Justices of tim Peace 


£10. £16 when 
Intermediate 
Exa m ina- 
tloniaexeueed 





their age and reaidenee^ and ghee or iHodi gf 
education. 

Articled ClerfeLe. The Preliminary Sxamfna* 
tion satisfactorily disposed of, the young candidate 
may ndw enter into his atHdee, * ^ 

The usual period for seryice under articles is 
hye years, but for graduates of uniyersities who are 
exempted from the Preliminary Examination, and 
for persons who have been called to the Bar, and 
arc of less than fiye years* standing as barristers, 
the period is three years. 

Persons who haye passed the following examina- 
tions need serye only for four years : 

First Public Examination before moderators at 
Oxford. 

Previous Examination at Cambridge. 

Examination in arts for the second year at 
l>urham. 

Entrance Examination at Dublin, having passed 
in honours. 

Matriculation or Entrance Examination at 
London, Birmingham, or University of Wales, 
first division. 

The Responsions Examination at St. David’s 

The Examination of the Joint Matriculation 
Board of the Victoria University of Manchester, 
University of Liverpool, and University of Leeds, 
first division. 

Articled clerks bound for four or five years may 
serve one year with the London agent, rnd one year 
with a barrister or speArial pleader. Those bound 
for three years may serv'e one year with the London 
agents but they cannot serve any part of the term 
with a barrister or special pleader. 

The stamp duty on the articles is £80, and on 
further articles 10s. 

ArticleB cannot be stamped after the date thereof, 
except on payment of penalties. 

The articles must be enrolled and registered at 
the society’s office within six months after execu- 
tion. The fee payable to the society for registra- 
tion is 5s. 

When articles are left at the office of the Law 
Society for registration, a statutory declaration, 
impressed with a 2s. fid. stamp, made by the 
attesting witness as to the due execution, must be 
produced, together with the certificate of having 
passed the Preliroinaiy Examination or one of the 
examinations exempting from it. All certificates 
are returned with the articles. 

The solicitor to whom the clerk is articled will 
also require a fee calculated on a basis of £300 for 
the whole five years. 

The choice of a solicitor to whom to be articled 
will usually prove a more or less personal affair; 
but it is generally best for the clerk — like the 
youthful blister — ^to go to the office, or chambers, 
whm there is plenty of work to be had. He will 
gain experience more rapidly, see a greater variety 
of men and affairs, show his metal, and, if he is really 
a man of grit, be trusted with really responsible 
work. 

Intermediate Ejcamlnatloa. Every 
articled clerk, with certain exceptions, is required 
to pass the Intermediate Examination. He may 
pre^nt himself at any time after completing twelve 
months’ service in his articles. 

The subjects of the Intermediate Examination are 
such elementary works on the laws of England as 
the examination committee mav from time to time 
appoint for that purpose, and elementary questions 
on accounts and bookkeeping. 
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The particular books seleeted lor the examination 
are named in the monrii of Julv in the year previous 
to that for which they are seleoted. 

If the candidate passes the examination ho will 
receive a certificate to^that effect; but in case he 
fails to do so be may, provided he has given the 
proper notice, attend any subsequent examination; 
but if be> shall not have passM the examination 
before the expiration of twelve calendar months 
after the date when one-half of his term of 
service shall have expired, his final examination 
shall be postponed for so long a period as may 
intervene between the expiration of such last- 
mentioned twelve calendar months and his parsing 
the examination, or for such shorter time as the 
examination committee shall direct. Should a 
candidate fail in accounts and bookkeeping only, 
he shall be allowed to come up again in those 
subj^ts without postponing his final examination, 
and if he posaes in bookkeept^ mily he will not 
be required to come up again in that subject. 

EXEMPTIONS FROM INTERMEDIATE 
EXAMINATION 

All persons exempted from the Intermediate 
Exami^tion in Stephen’s Commentaries are re- 
quired to pass in booxheeping. 

The following certificates are accepted in place 
of the Intermeoiate Examination : (1) A oerttnoaie 
of having before or after entering into articles 
passed tlm examination required for the degree of 
B.C.L. or LL.B. at one of the following universities 
in the United Kingdom — viz.^ Oxford, Cambridge, 
London, Dublin, Durham, Wales, Birmingham, 
Liverpool, Leeds, or the Victoria University of 
Manchester; or (2) a certificate of having before 
entering into articles taken honours in the Fin>)l 
Honour School of Jurisprudence at Oxford or in the 


Law Tripos at Cambridge. 


Candidates who are exempted from the Inter- 
mediate Examination in Stephen’s Commentaries 
pay an additional fee of £5 on giving notice for their 
final examination, but no fee is payable by them 
for the examination in bookkeeping. 

The fee payable on giving notice of examination 
is £0, and for a renewed notice £3. 

Final Eaasninatlon* The articled clerk has 
still one examination to pass. The subjects included, 
and other particulars, are given in schedule. 

Candidates are required to give notice in writing 
forty-two days at least before the date of the exami- 
nation to the Secretary of the Law Society, Chancery 
Lane, I«ondon. 

Candidates are also required, at the same fime, 
to leave with the secretary of the society tlicir 
articles of clerkship and supplemental articles (if 
any), and certificate of having passed the Inler- 
mediate Examination, together with answers to 
tlm questions as to doe service and conduct, to bo 
answered by the candidate and his principal and 
agent, if any. Prints of these questions can bo 
obtained on application at the office of the Law 
Society. 

Notice of the desire of a candidate to compete 
for honours must be given when notice is given 
for final examination. 


AdmlEttioii to the Roll. It only remains 
to add the rules neoessary to enable the cmalified . 
man to apjdy for adnuasion on the roll of solicitors; 

Hotioe for admlaslon nmst be given to the Law Society 
six dear weeks More the first of the month In which 
•udi sppllestlon is intended to be made; and such 
notice can be given before the applicant has pasted tlie 
Final Bxaminau^. 

Ho persotT — ‘‘ 
twentF'one y 
has expired. 



If at the Mm of wing the Final Examination the 

the PrinoM will he featured from the date of inch exami- 
nation to the expiration of the Artldee ; and where the 
candidate WMnnder 21 jeanof age at the.time of paaeiag 
the examination and haa einoe attained that age, a letter 
from him to that effect will be reouired. 

In order to avoid delay the Aradea of Olerkabip, ^e 
Final Examination Oertifteate, any farther teatlmoniaia 
or letter required aa above mentioned, and the Admiaalon 
Certlffcate, immeaaed with ihe revenue, atamp of £2S. 
together with the fee of £5 payable to the Society, ahould 
be left at the of&ce of the Society one week before the 
expiration of the aix weeka. 

Ihe Admiuion CerUfleate wlU thereupon be aent to 
the Maater of the Holla for aignature, and, when aigned, 
the appllcant'a name Wltl be entered on the Boll of 
Sdlcltora. The- NoUee for Admiaalon will be received by 
poat, but the Admiaalon Certlfleat^ after it haa been 
aigned, muat be applied for at the oflfee of the Society. 

Adnwion cannot be enaured during vacation. 

The Form of Kotlce may be obtained from moat law 
atatlonera; and the Admiaalon Certlflcate, with the 
atamp impreaaed, may be obtained from Someraet Houaei 
^ much, then, for the machinery The aspirant 


up, a mortgage settled. Contraots are drafted in . 
the solicitors olBoe, and any dubieties, connected 
therewith which may lead to litigation come back 
to him to be dealt with. Company work is a very 
special and still remunerative Wnoh, though to a 
certain extent the glory of this species of soncitor’s 
business has departed. The solicitor whose name 
appears on the prospectus of a new issue not only 
charges a hands^e tee for that, but thb legal work 
in drafting the various documents required by law 
in the initiation of the company. 

The Family Solicitor. The old family 
solicitor constitutes yet another variety. In his 
strong-boxes are all the deeds connected with the 
relations, pecuniary and otherwise, of clients, 
who pla^ the utmost reliance in him.^ But he 
will be a wise man if he refuses to be made the 
repository of valuable scrip and money. That, so 
often, is the beginning of confusion and the loss of 

fmaf. fim/la whtnk cnH m rtAtinl aArvifiirlA fnr thft 


may be said witS confidenoe that the man who 
desires to become a solicitor must be prepared to 
spend at least £1,000 before he con hope to be in a 
position to cam n oney at his profession. Now let 
us look at his chances of success. 

The Chcmcee of Succoee, It may be said 
at once that the young solicitor well recommended 
and with average intelligence may always be sure 
of a living wage. He may have to look about him 
for some time, but in the end he will run across 
some vacancy— a post in an office worth £200 a 
year, with the chances of rising to managing clerk 
at double the salary. Of cours?, the competition 
is a growing one, and the salaries show a propor- 
tionate tendency to diminish, but there is nothing 
like the penury and starvation to be faced by the 
barrister at the beginning of his career. There 
are also a number of official positions under Govern- 
ment, at home and abroeul, for which solicitors 
alone are eligible, as well as municipal appoint- 
ments — town clerks, clerks to boo'ough councils, 
and the like. Of the former variety — carrying 

aaa iT^ -j 

juuuuuvo IS ijuo uuv tuuig iioeuiui. xiie young 
pactitioner lacking influential friends must not 
hope to get a salaried post imder Government, 
except perchance a legal post in West Africa, for 
which barristers and half-pay military officers are 
not forthcoming. Of the municipal appointments 
in the market, few go to any but solicitors of 

usually local praotioos. 

The Varieties of Work. The young 
solicitor who moans to fight his way through to a 
practice of his own may find it useful to consider the 
varieties of work oomprised in his profession. 
These varieties are endless, and range from the City 
solicitor, with wealthy City firms and railway 
companies among his clients, to the polioe-oouH 
practitioner, whoso advice is sought by the drunk 
and disorderly. Possibly riie soundest basis of 
division is between litigation and non-litigous 
work. Many lam firms have an abundance of 
both varieties. One department looks after the 
oonoems of omnibus companies or railway com- 
panies, who are always being sued for damages 
for accidents; another department looks after 
the conveyancing needed by private elientB. A 
will has to be made, a mamage e^tleo^eot drawn 


COMMERCIAL LAW 

In the course of his daily business there are 
certain fundamental principles of law which a 
man is required to know, for it must be remembered 
that ignorance is no excuse in law. True, in those 
days of complicated rights and special knowledge, 
there is always a solicitor to whom the business man 
may have immediate recourse, but it is yiosBibie 
for a good deal of mischief to be done before he is 
even aware that his business has brought him 
within a thousand miles of litigation. A letter 
may be written binding the sender to an arrange- 
ment the exact contrary to what he hod intend^ ; 
liabilities may have oecn incurred far beyond 
those anticipated by either of the parties, ft is, 
then, the object of this article to supply a handy 
vade meeum which will prevent ineffaceable 
errors before the solicitor has come upon the 
scene ; or, better still, to render the prince of a 


is a matter of buying wd selling. 

There are modifications of this primal basis, of 
course ; but ultimately every man who goes down 
to his office day by day, either to work for himself 
or for his employer, goes down cither to buy or to 
sell, generally to do both — to buy to sell aorain. 
or even to sell to buy back. 

In England we have no code, unfortunately, 
but the law relating to the sale of personal ia*operty 
is to. all effects codified by the Sale of Goods Ad, 
1893, ofiiioh every business man should keep in his 
office. In it be will find much which he need not 
try to understand. But there are, on the other 
hand, certain sections which he will do well to get 
by heart. Thus in Section 3 it states that: 

A eonlrad of sale mew he made in writing 
{either with or without seal), or hy word of mouth, 
or pardy in writing and partly by word of mouth, 
or may he implied by the eondud of the parties. 
Verbal Contracts. The business man 
who bears that in mind will never find himself 
pinned down to a bargain which he had never 
intended to make. So many men have an invincible 
conviction that they can never be bound to any- 
thing until th^ have set pen to paper^ and had the 
result stamped at Somerset House. <moe the 
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tenumnill^ hat M iMA of 0il» pfoaiiiii 
tlm law oonrts olose lor lade ol wodfe* %hid 

.Skioogh^say lim^t algnad^Mid^ doou* 
ments play a vmy mall pm ia per Qeat of 
tho iatts whioh talco |4aoe daHly, ^liie fldunoiiMr 
a^o adls a poimd of aalmoa taay or may sot mva 
a rooelpted mil to tbe cnetomer; M any otiao» tbis 
doosmant Is* sothisr more thaa axkOTidsiioe d the 
sale which has 4ahies *plaoe without lt» aad is 
perfeetly valid without it. Os exohasge^ hundreds 
of thousands of pounds* wortii of seosrities or 
ocMBslsodlties pass from seller to bnm by the 
medium of a smgle word» or even a nod. The con- 
tract note which fellows is evidence of the same ; 
but the bargmn is jierfeotly good in law before 
the contraot note has passed, md will be enforoed. 

A and B, who exchange informal letters agreeinff 
on the one hand to buy and the other hand to sell, 
say, ten thousand tons of cement, are in contractual 
oblation to each other. Only, in all these bargains 
made by word of month or informal letters thu 
single point is essential, both parties must mean 
ihe same thing. 

Lawyers call it being ** ad idem.** Let us illustrate 
this doctrine by a concrete example. Smith writes 
to Jones. Will you bOy my house at Oxford as 
it stands ? ** Jones writes to mith in reply ; “ Yes, 
1 will buy your house. Of course, it is irahold ? ** 
If, as a matter of fact, Jones’s assumption is wrong, 
and the house is not freehold, there then has never 
been a completed bargain between the parties. But 
even if Jones’s assumption is right, it is arguable 
that there has as yet been no completed mgain 
on the letters, since Jones, instead of sending 
an acceptance, sends aif acceptance modified by 
another question. 

Again, Robinson may say to Jackson, who is a 
coffee broker : “ What can you do for me to-day ? ** 
Jackson merely answers : ** Ten bags,** to which 
Robinson merely nods and walks out A dispute 
arises, and the courts will have to decide that 
particular transaction upon the custom of that 
particular trade, or, more likely, the habitual 
method of business between Robinsem and Jackson. 
For there con be no doubt but that on the face of 
it there has been a contract. 

Conditional Agreemonta. But sup- 
posing Jackson in reply to ^binson had said 

Ten bags if cleared,*’ and Robinson had nodded 
and gone out, the result would not have been 
a bargain, since Jackson’s offer to sell was conditional 
upon a certain event, though in the event of the 
fulfilment of that condition the bargain becomes 
fixed. If, however, Jackson had merdy said ** Ten 
bags if I can,” then there would have been no 
bargain at all. 

Let us stop for a moment at tho answer, ” Ten 
bags if clear^.” Here we have not a sale, but a 
eo^itional agreement to seU^ for under the Sale of 
Goods Act, “ where the transfer of the property 
in the goods is to take place at a future time or 
subject to some oondition thereafter to be fulfilled, 
the contraot is called an agreement to sell” And 
“ an agreement to sell becomes a sale when the time 
elapses or the conditions are fulfilled subject to 
which the property in the goods is to be transferred.” 

In most cases baraains are struck by the medium 
of the pillar-box. fte merchant in his office carries 
through most of his business by correspondence 
Therefore it should be noted that the aeeeptanee of 
any offer becomes irrevocable token the letter containing 
any such acceptance has been posM* The moment 
when the letter ol aooeptsaoe is put In the pnblio 


lettcisbux is the moment when the eontreet li 
complete. Evidenot of such posting Is evidence of 
oompletioiL And the same rule allies to aooept- 
anoe by tdegram. Directly the Memm has been 
deepatohed the aooeptanoe becomes ^revocable. 

Thn Lnw «ad Frtwntn, FillnfitemM. 
In omineotion with acceptance by letter, a word 
may bo said about private MMting facilities which 
have sprung up in large institutions, such as offices 
and hotels, of years. The Postmaster*Oeaeral 
has allowed these buildings to bo equipped with 
' pillar-boxes, which, thon^ within their private 
premises, are directly under the control of the postal 
authorities. They are cleared by the postmen of ^ 
district, who jcdone bate the key. But proof of post- 
ing in them Mnnot be taken as evidence in a court 
of law as the completion of any bargain. Why, it is 
difficult to say. Possibly because the box is not 
situated In a public place. 

In connection wim the irrevocability of snob 
acceptance by post^ it may be useful to point out 
these three concise rules : 

1. An offer cannot he wUhdravm after the accept^ 

« once has been duly posted, 

Hins A writes fully offering to sell a horse to B. 
The latter poets his acceptance, and in the mean- 
time, before the aooeptanoe reaches A, the latter hns 
repented him of his original offer. It is too late to 
withdraw. 

2. The withdrawal of an offer must reach the other 
party before he has duly posted his acceptance, 

3. An aeeeptanee once posted cannot oe revoked. 
There, then, we have in as few words as possible 

the main facts which a hnsiness man should know 
in his daily life so far as the acceptance of contracts 
is concerned. Let him disabuse his mind of the com- 
mon belief of the ignorant that he is not bound to 
anything until his signature, properly witnessed 
by competent witnesses, has bera affixed to the terms 
of the barffain, and tho resulting document signed, 
sealed, and delivered. There is no magic in writing, 
nor in seals or stamns. True, the law has given 
validity to seals and stamps which it denies to 
verbal agreements, but there may be no sells, no 
stamps, no writing, and yet a perfectly vaUd and 
binding agreement. 

Written Contracts. We come, then, 
in the conclusion of this branch of our subject, 
to the need of writing in the making of con- 
tracts. In other words, bow far are contracts 
governed by the Statute of Frauds, that enactment 
passed in the reign of Qiarles 11. (1677) which, 
with its undoubted salutary uses, has managed to 
create more confusion in tM minds of subsequent 
citizens than any other single entry upon the 
statute book. 

It is not necessary to repeat here the octual.Sootion 
17 of the Statute of Frauds, for- it is in substance 
re-enacted in Section 4 of the Sale of Goods Act, 
which section runs as follows : 

A contract for the sale of any goods of the 
value of ten pounds or upwards shall not be enforce- 
able by action unless tne buyer shall accept part 
of the goods so sold, and actually receive the same, 
or give something in earnest to hind the contract, 
or in part payment, or unless some note or memoran- 
dum in writing of the contract be made and signed 
by the party tobe charaed, or his agent in that baudf. 

The provisions of Ais section apply to every suck 
contract, notwithstanding that the goods may he 
intended take ddivered at some future time, or may 
not at the time of such oonitract he actuaUu made, 
procured, or provided, or fU or teadu for Mwery, 
m ipms ori may fts nguidte for m making or 
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nmy. if ip ^iiopfpiafiof of good$ wi&iin Mo ^om cm of a icmiptum which ti ii in Me eopee 
rnecminiif of mic oemtm when buffer doee any; o/ Me eefiler’e fruttiieef M 9upfX>y (whether he he^r-^ 
act in rdaUon to Hk ^oode which recognUee a pre^ numufaeiurer or no^)» there w an impUed eomdUSipn 

eaneting . cont^^ etdct whether dure he an 4heUthegoodsehattbereae(mc^ fit for such purfwei^^^ 

aceeptmoe in performance of Ihe eoiUrcwi ^o^ provided that in the caae of a eoniraet for the eale of 

flid esj^atioa of eecUone given above . a epedfied artiele under ite patent or other trade 
woold tehn up far more ipaoe* tjbw we have at our na^ie there is wimflied condition as to its fitness 

disppal. It will no doubt euffioe to aay here that for any pordieular pupposeL 
they in no way oondiot with what has already been (2) Yr^e goods are bought by description fr^ 

said in this article as to the validity of salee made by a sdler who deals in goods of lhat description 

word of mouth (parole evidence) or by actions (toiieMer he be the manufacturer or noi). Mere if an 

(such oa nodding at an auction, and the mil of the implied condition Mai Me goods shall be of merchant* 

hammer), .without words. The full significance of able quality ; provided that if the buyer has 

the Statute of Fimuda may indeed put in less than examined die goods^ there shall he no im^ied con* 

a dosctt sentences. Its inteatiem was to prevent the diiion as regards defects which such examination 

enforcement of verbal contracts above a certain ought to have reveeded. 

value, unless the defenduit could be shown to have (3) An implied warranty or condition as to 

executed the alleged ccmtraot by partial performance, quality or fitness for a parHevlar purpose may be 

as manifested by part payment, or part acceptance, anneal by the usage of the trade, 
or unless his signature to some written note or Sect, 15. — (1) A contract of sale is a contract for 

memorandum of the bargain could be shown. sale by sample where there is a term in the contract 

Thus SuContraot note referring to'the sale of stocks expressed or implied io diat effect. 

and shares would be necessary to enforce an action (2) In the case of a contract for sale by sample : 

to enforce completion, unless there had been partial (a) There is an implied condition that the hulk 

deUvery or some act which can be construe into sliall correspond with the sample in qtudity. 

partial performance. In such construction the (6) There is an implied condition that the goods 

custom of any particular trade or business may be shall be free from any defect^ rendering them 

called in aid — as, for instance, in stock exchange unrnerchantabley which would not he apparent on 

oases where the mode of business has been the reasonable examination of the samyle, 

same from time immemorial. ' But it must be Sect, 33 . — Where the sdler of goods agrees to 

remembered that the Statute of Frauds has no deliver them at his own risk at a jlace other than 

concern with written contracts which have been that where they are when sold die buyer mmt never* 

duly signed ; for in those oasm the common law thekss, unless otherwise agreed, t&e any risk of 

affords sufficient guarantees i^inst frauds and deterioration in the goods necessarily incident to the 

perjuries. lu a word, the business man must re- course of transit, 

member that though his spoken word may load him Trasssport of Goods. The concluding para- 

into an irrevocable bargain, the law requires certain graph, which is sufficiently explicit, brings us to the 
actions as corroboration of toding remarks consideration of the transport of ip)ods, a wide and 
uttered. Contraots duly signed and witnessed and Intricate subject which krops the commercial court 
stamped, will, in all cases where the business man in London busy from year’s end to year’s end. 
who needs them is wise, be drawn up by a solicitor. Section 20 of the Sale of Goods Act lays it 

Hence the legal requirements of such documents down very clearly that : 

need not be considers further in this place. Unless otherwise agreed, the goods remain at the. 

Sample and Warranty. Another branch sdler' s risk until the propierty Aerein is transferred 

of the law of sale and purchase which affects the to the buyer, but when the property therein is trans* 

everyday life of the business man is the quality ferred to the buyer, the goods are at the buyer's risk 

of the iking sM. Very often, and it cannot he whether the ddivery has been made or not. 

otherwise, he finds himself face to face with this Provided that where ddivery has been delayed 

difficulty. He has bought goods on the word of the through the fault of either buyer or sdler, the goads 

wller as to their queuity, and then finds them are at the risk of the party m fault as regards any 

inferior. The whole subject concerns the doctrines loss which might not have occurred hut for sudi 

of sample and toarranty, which can be dealt with 

shortly, so far as they give rise to questions which The business mam may say that the above section 
the business man may tod that he has to deal with is simple enough when someone has explained to 
on the spot before he has time to get legal advice. him., WMt is meant by the phrase "" when the pro- 

Upon this fiubject, then, the sections of the Sale porty therein is transfmed.’^ The answer is not so 

of Goods Act are clear and precise : simple. The transference of the property may 

flfeef. 13 . — Where there %s a contract for the sale depend upon the conditions of the contract. Thus, 

of goods by description, there is an impliid condition the undertaking of a seller to ship a complete cargo 

that the goods shall correspond with the description ; on board steamship X at buyer’s risk, would 

and if the sale be by sampk, as weU as by description, clearly in law be said to contemplate that the 

it is not sufficient that the bulk of the goods correspond goods remain at seller’s risk until they are all on 

with the sample if the goods da not also correspond board and complete. In truth, questions of this 

trtM Me description, kind have vexed and will continue to vex law 3 rera, 

Sect, 14 . — Subject to the provisions of this Act, and laymen should leave them severely alone, 
and of any statute in that benalf, there is no implied The rule of thumb which may ^ide the business 
warranty or condition as to the g^ity or fitness man in such matters is this : Has he alteolut#^ 
for any particular purpose of goods supplied under controlling possession of the goods ? If so, the 

a contract of sale, except as follows : responsibmty is upon him, as smler or bu 3 ^, to see 

(1) Where the buyer, expresdy or by implication, that they are not dama^ in delivery, and his 

makwknowntbtheedierihepeiikularpurpoHfor remedy » against the oerriers te damage. 
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MISCELLANEOUS MACHINES 
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Vkrietlei of Mortislni: Machines. Tenoatnsf, Boringrt and 
Dowetsiling: Mahhioes. Special Lathes for Working: Wood 


By FRED HORNER 


'T^E cutters and outter-blocka employed in the 
^ planing and moulding machines described in 
the j^vioos article embo^ numerous shapes, the 
simmest of which are those for plane surfaces, 
ha^mg flat knives bolted to the sides of a cylinder 
or block in the manner shown in 67 [page 4583 j, 
the length ranging from a few inches to two 
or throe feet. Moulding cutters are also made as 
shown on that cage. A very poniilar class of cutter- 
head for matching and moulaing — the Shimer — 
differs radically in^ving a numbw of bits of circu- 
lar form boltra around a circular head, the bits 
being set altematelv so thaUeach takes its share of 
the cut to right and left The outline to be formed 
is imparted to the bits, which cut by one edge, 
produced by filing in a gap in the circle ; the form 
remains im^terea until the bit is worn out 

The vertical spindle moulding machmes use a 
variety of cutters. In the French^ or slotted spindle 
a thin steel blade is fixed in a slot in the spindle end, 
and its edge being formed to correct outline, it is 
turned over forcibly like a scrape to produce 
a working edge. The French cutters are used chiefly 
for special classes of work, as the blades can be 
made cheaply and quickly. A common method is to 
fit flat cutters between grooved collars, as illustrated 
in 62 {page 6656 {. Sometimes also an ordinary 
square block is fixed to the imindle end, to receive 
flat moulding cutters. Solid cutters bear some 
resemblance to milling cutters for metal, in having 
the moulded outline formed on the circumference. 



64~67. Mcnilding cutters 68 and 69. Mortising chisels 
70. Hand mortising machine 


Sharpening is done on the flat between the teeth. 
The non-reversible types have a clearance in 
one direction [M] ; tjie reversible class are flatter on 
the periphery [ 65 ], so that cither edge may oome 
into opwatkm as the machine spindle is reversed. 
Four, eight, or ten cutting edges are produced, ac- 
cord^ to whether the cutters have two, four, or 
five teeth [see 58, page 4583]. Figures 66 and 67 
illustrate their application, the £st showing the 
use of the work itself to press against the guide 
collar under the cutter, the second that of a 
separate ^ttem plate to which the moulding is 
attached. 

MortlAioK Machines. These, which are 
intended for cutting the slots or mortises in timber, 
are of vertical or horizontal types, the latter chiefly 
for li^t work. The commonest method is to use a 
chisel [68], resembling a hand mortisintg chisel, 
but held in a spindle, and fed down bv hand or 
power. An improved form now in general use is the 
self-eoring type [69], which has two projecting lips, 
which, being tapered inside, have the effect of draw- 
ing the chips from the mortise at each stroke, thus 
keeping the hole clear. Figure 70 shows a plain hand 
mortising machine, by tlm Garron Company, from 
which it will be seen th^t the timber is grip]^ in a 
vice by a handwheel and screw upon an upper slide 
which can be moved longitudinally by rack and 
handwheel, and also laterally, while vertical ad- 
justment is produced by screw and handwheel 
beneath the knee. The spindle, which fits within a 
sleeve sliding in a hexagon bearing, is reciprocated 
up and down by the Ions pivoted lever, counter- 
balanced to bring the sptnale to the top of its stroke 
automatically. A hanale and collar is fitted on the 
spindle, by means of which it can be rapidly 
reversed, to make the chisel face round in the 
opposite direction for finishing both ends of a 
mortise. A boring attachment is often fitted to 
hand machines, for preparing holes ready for mor- 
tising; the attachment comprises .a vertical 
spindle, carrying an auger, revolved through bevel* 
gears and handle. 

Figure 71 gives side and firont elevations of a 
very complete mortiser by John McDowall &> Sons, 
in which the boring spindle is a permanent fitting, 
set to one side, but in line with the mortising 
chisel, so that after boring a hole, the timber may 
be shifted longitudinally to bring it under the chisel 
stroke. The boring spindle is driven at 800 revolu- 
tions per minute by a belt on the small pulleys at the 
rear, and is fed downwards by pulling on a pivoted 
lever. The chisel spindle, guided in a circular 
bearing, is reoiprooatea by the crank disc at the top, 
making 300 revolutions a minute. The connection 
to the spindle is a graduated-stroke device, by means 
of which the stroke of the chisel is inoreased by 
stages, instead of descendiim the full length at 
once, with consequent jar. effect is obtained 
by a peculiar arrangement of connecting levers, 
seen dearlv in the front view, and brought mto play 
by a treadle. In the normal state with the treadle 
at its highest, the chisel is stationary, although the 
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71. Combined mortisinH: and borins: machine 72. Hollow chisel 73. Mortlsintp chain 74. Tenoninjf machine 75. Wall 
boring machine 76. Drum sand-papering machine 77. Flexible arm sand-papering machine 


crank-disc is revolving, so that there is no necessity 
for slopping the latter frequently, A self-acting 
reversing motion is fitted to the chisel spindle, 
consisting of a cord driven down from the crank-disc 
shaft round an idler to a pulley on the spindle ; 
the cord is put into action by touching a handle. 
In wheelwrights’ shops a special attachment is 
fitted to the table of mortising machines, for cutting 
the mortises in wheel naves; the latter are held be- 
tween two headstocks, one of which has a dividing 
plate, so that the mortises can be pitched out 
accurately around the periphery. The table is made 
to cant, in order to cut mortises at various angles. 

A peculiar class of tool used for mortising com- 
prises a combination of an auger and a chisel, the 
former revolving inside the latter, and clearing out 
the centre of the hole, while the square comers of 
the chisel finish the angles. This, we hoO^vo chisel 
[72], is used in both vertical and horizontal machines, 
and is very rapid and neat in its action. The auger, 
which has a sut^rt near the cutting edges of the . 
chisel, draws the chips out of the hole and awav 
through the openings in the side of the chisel. 
Anothw remarkable style is the tkain mortiser, 
which runs an endless pitch-chain around a sproclmt 
wheel and a ^in roller, while the back is supported 
by a flat bar. Each link of the chain has a tooth formed 
on it [78]* so that as the chain travels it outs a slot 
equal to its width. The rate of movement is about 
1,500 ft. per minute. The chips are drawn out of the 
mortise on the rising side of the chain. The work 
is done with great rapidity, and the tendency to 
split the wood is not nearly so marked as is the 
oase with a reciprocating tom. 


Tenoning Machinee. Tenoning is per- 
formed by cutter blocks or by tenoning irons. The' 
first-named operate laterally, and we machines 
which use them have two spindles, above and below 
the timber [74] — ^Thomas White & Sons-— both driven 
from a single belt, which is provided with a tighten- 
ing jockey pulley. The cutter or adze blocks have 
their irons set on the skew, and have provision for 
cutting the should?r8 on the timber. The timber is 
clamped to a carria^ which runs by rollers on cross- 
rails. In cutting double tenons, a vertical spindle 
is required on the machine, to carry a drunken saw, 
or a i]^ow outter-block, which makes the centre 
out. Scribing, or preparing, a shoulder to receive 
a moulding may be also done with a vertical spindle, 
running a suitable block. Tenoning can he done on 
the vertical shapers, employing long-armed tenoning 
irons, drunken saws, or outtw- olool^ 

Machines. These are oompara- 
tmly simple in oonstruotion. Spindles are smgle, 
or multiple ; the plainest class is the wall or pillar 
machine [75], which consists of a framing supposing 
a spindle, a sleeve, mitre gears, belt pulleys, and a 
lever arrangement f(»r feeding. The self-contained 
machines include a pillar, on the front face of whioh 
the table is adjustable up nnd down to suit 
thickness of the work. The spindle is pulled down 
in a similar manner to that In 75. multiple 
spindle maohines embody a number of spindles, each 
holding a dififrrent-sized auger, so tluit any size hole 
within the raiiM oan be bwed without ^ trouble'' 
of chjing'ng tools. The raHway-oairiage and waggon 
shops especially lavpm these maGhfriesior boring the 
heavy framings. In some instaaoes, the spln^es may, 
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be angled for boring sloping holes. Horizontal boring 
machines are used to much leas an extent than vertical 
ones, being chieflv designed for small work, such as 
l>oring dowel holes in the edges of boards. Tue 
augers used in the inacliines descril>cd are of the 
usual twist tyj)es, some of which are illustrated 
in 41 on page 4481. 

Dovetailing Ma- 
chines* Dovetails are 
usually cut by revolving 
cutters, having two lips, 
and a boily the form of 
w’hich corresponds to the 
tapered outline of the 
dovetail. In the single- 
spindle machines the 
timber is clamped and 
moved along in delinite 
stages, (tontrolltxl by a 
slotted dividing plate 
juatching the jiitch of 
the dovetails. But a 
much greater output can 
Ik‘ secured by increasing 
the nuinlwr of spindles, 
to c\it all the dovetails in 
one side of a board at one traverse. Armstrong's 
machine employs two siiws, set at certain angles in 
relation to each other and to the board, which is 
clainiHMl to a sliding table, fed intermitt?ntly. The 
work turned out on the machine is somewhat rough, 
though suitable enough for boxes and packing case's. 

Corner locking is jiractised very largely in jdace of 
dovetailing, and consists in forming ri^ctangular 
teeth which interlock and hold very tinnly. As the 
form of cut lends itself to very rapid output, a good 
deal of box and case work is now corner-locked 
instead of dovetailed. The machines employed have 
a table on which the work, which may include a pile 
of Imrds, is clainjied, and a revolving spindle hold- 
ing a number of nanow cutters attacks the 
edges and cuts out 
the sc*ries of notcho 

Lathes. An 
ordinary turning 
lathe is illustrated 
in the succeeding 
article on Wood 
Turning, so that we 
shall ordy concern 
ourselves here with 
sfKicwl types, which 
are designed for re- 
jH^tition work. The 
Blanchard or copying 
lathe produces objects 
of regular or irregular 
shape from a pattern 
or copy. Gun-stocks, 
spokes, hammer 
handles, boot lasts, 
brush handles, etc., 
are among the chief 
pieces turned out. 

The principle is that 
of rotating the copy, 
and the work, and causing a roller to press 
against the copy, thus coercing a rocking rest 
which carries a revolving cutter head in contact with 
the wood. The contour of the copy is therefore 
reproduced on the work. In 78, by Kirchner & Co.. 
l.ieip/ig, an excellent idea of the relation of copy and 
work, in this case the body of a toy horse, may be 


gained. The travel of the slide along the bed is 
effected by a screw operated through friction feed, 
and reveled automatically at the end of the 
traverse. The cutters are in the form of thin loops 
of steel, sharpened to a keen edge. 

Back-knijc lathes are a class for producing circular 
work of varied contour, 
such as chair and table 
legs, balusters, etc. The 
tools are htdd in a rest, and 
controlled by a pattern ; 
the back-knffe is held in a 
frame in a sloping fashion, 
and the movements of the 
slide-rest and the knife are 
timed so that the latter 
comes down the back of th ^ 
work and linishes it to 
correct outline as the 
roughing tool ])asscs along. 

The rounding imichine^ 
}»erform a plain class of 
turning by very simple 
means, comprising a re- 
volving mandrel carrying 
a cutter, which acts on the 
stuff, which is simply slid tlirough. 

Sand-papering Machines. These include 
the use of drums, discs, and belts, each suited to 
particular classes of work. The belts are run over 
pulleys, which can be drawn apart to give the 
required tension. Articles having curved outlines 
are treated on the bolts, which give to the ennfonna- 
tioii and cunblc curv’es and hollows lobe treat?d. 
The drum machines are of two typos, one [76]— 
.lohn Me Do wall & Sons — with a flat table, over 
which the work is passed, touching the drum 
surface. An exhaust fan removes the dust as fast 
as it is created. The other drum type has throe 
flrimis, over which the wood is })assed by eight 
geared feed rolls. Each drum has a side oscillating 

motion to prevent 
the formation of 
scratches. A 
machine by the 
J. A. Fay & Egan 
Co., of Cincinnati. O., 
is shown in 79, 
►Small Handers with 
vortical spindles are 
construct^ on tho 
lines of the vertical 
shapers. Disc 
Sanders resemble tho 
disc grinders used by 
metal-workers, and 
the work is presented 
uj)on a table to the 
disc. For largo 
areas the flexible arm 
machine is of great 
value. The sand- 
paper is strained 
over a wooden 
disc, supported at 
the cna of an 
articulated frame, which, by virtue of its jointing, 
can be brought anywhere over a large table. The 
driving is effected ly belts from pull^s on the 
standard to the left [77] — A. Kansome & Od., Ltd. — 
thence through the jointed portions to the pulley 
on the disc snindle. A handle allows the ojierator 
to feed the disc downwards. 



78. COPYINO LATHE 



79. TRIPLE- DEUM SANDER 
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NCK its inception until the present day the manu- 
facture of explosives has been associated with 
the study of chemistry. Whoever may have been 
the genius that first applied the fireballs of the 
ancients to the propulsion of projectiles, there can 
be little, if any, doubt that these early experimenters 
were among the fore-runners of the modern chemist 
— the al-cheiriists. No definite date can be given 
for the invention of gunpowder, but the first 
rt‘ferencos to its use as a propelling agent date from 
about the middle of the fourteenth century. From 
that time onward it spread throughout Kurope with 
great rapidity, as the numerous references to it in 
e irly Euro]>ean literature show. Gunpowder at 
the beginning of the nineteenth century was 
essentially the same as when first invented. A 
few slight alterations in the proportions of the 
ingredients and a little more care in their purifica- 
tion covers the improvement effected. Inventive 
ingon\uty seems to have turned in the direction of 
fireanns, satisfied that the pro|>elIing agent was 
more than sufficient for the work it had to do. 

It was not until the middle of the nineteenth 
century that the scries of discoveries w'as made 
which revolutionised the explosives industry, in 
1845 Solrnbein showed that cotton could be 
rendered explosive by treatment with nitric acid, 
and experiments by numerous other chemists soon 
reduced the discovery to a practical basis. The 
invention of nilro-cotton was followed in 1846 by 
the discovery of nitro-glycerin by the Italian 
chemist Sobrero, and Alfred Nobel, whose name is 
inseparably asso(dated with high explosives, sue- 
ceoiled in overcoming the difficulties connected 
with the a])plication of it to practical purposes. 

'{ he two essential discoveries on which the whole 
science of Iiigh exi)losivoH is founded are those of 
nitro-cotton and nitro-glycerin. The great majority 
of the explosives at present on the niiirket under 
an infinity of names are mixtures in which the 
priiicip.il constituent is one or other of these sub- 
stances. 

Gunpowder, Black jjowder differs from 
nitro-cotton or nitro-glycerin in being a mechanical 
mixture, not a chemical compound. Its ingredients 
are simply intimately mixed together and are 
<piite inert towards one another until the applica- 
tion of heat causes them to combine chemically, 
with formation of a mixture of gaseous com- 
pounds. It is this rapid chemical action or com- 
bustion which, owing to the great expansion due 
1o the formation of gases, causes the explosion. 
The ingredients — sulphur, saltpetre, and charcoal — 
tire mixed in the proportions which give fairly 
(complete combustion, and, consequently, leave a 
very small amount of residue. Sulphur and 
charcoal are both combustible bodies, requiring 
only a sufficiency of oxygen with which to combine 
to convert them into gaseous compounds — the 
oxides of sulphur and carbon. Saltpetre, or 
potassium nitrate, is a salt rich in oxygen. Under 
the application of heat the oxygen in the saltpetre 
is transferred to the sulphur and carbon, with 
formation of gases. At tne same time nitrogen. 


also a gaseous body, is liberated from the saltpetre, 
and other complicated changes take place which it 
is not necessary to detail here. 

Saltpetre. Saltpetre is a natural product, 
found as a crust on the surface of the land 
in various parts of the world, notably in Bengal. 
The crude saltpetre is collected and its solution 
purified by crystallisation —that is, it is dissolved 
in water, freed from dirt and other insoluble 
matter, and evajK)rated by heat, so that tlie 
salt crystallises from the concentrated liquor in 
a purified form. The Government factory at 
Waltham Abbey, which may be used as a type 
of a modern explosives factory, refines its saltpetre 
as follow'H, The vats in which the crude sa t is 
dissolved are fitted with a perforated false bottom, 
through which solid impurities settle out. Heat is 
applied, and when the solution boils it is skimmed, 
and the false bottom, containing the dirt, is with- 
drawn. When all the scum has been removed, 
the solution is run through cloth filters into shallow 
pans, where the crystals separate. During crystal- 
lisation the liquor is kept in motion so that the 
crystals may be small. As they form they are 
withdrawn from the solution and drained. The 
crystals are then washed several times with water. 
The mother-liquors and wash-waters are, of course, 
worked uj) with subsequent batches of crude salt. 

A large proportion of the saltpetre now used on 
the Continent is prepared artificially, from sodium 
nitrate or Chili saltjKJtre, and jwt-assium chloride. 
These salts are both found native, and by double 
decomposition they may be converted into potassium 
nitrate (saltpetre) and .sodium chloride (common 
salt). Those salts are then separated from one 
another by crystallisation, which is rendered |>ossible 
by their different degrees of solubility in water. 

Sulphur. Sulphur, the second ingredient of 
black powder, is also obtained from the earth, large 
quantities coming from the numerous mines in Sicily. 
The crude ore is burnt in heaps, so that the sulphur 
melts and runs into a receptacle, from which it is 
drawn off and run into moulds. Before being in- 
corporated into powder it has to be refined. The 
method in use at Waltham Abbey is substantially 
as follows. The crude sulphur is introduced into 
a still which can be closed by a cover. This is in 
connection with two receivers, one of which is used 
to collect the vapours before and after the actual 
distillation, the other to collect the purified sulphur. 
During the early part of the distillation the vapours 
are conducted to the former, where they cool in 
the form of flowers of sulphur. These are collected 
and re-distilled as crude sulphiu*. When the 
vapours from the retort change colour from yellow 
to purple, they are conducted to the second re- 
ceiver, which is cooled by water, as is the pipe 
leading to it. The sulphur condenses in the pipe 
and runs into the receiver in liquid form. Another 
source of sulphur, which has come to the front 
only within recent years, is the Chance process for 
the recovery of sul^iur from the waste-heaps of 
the soda factories. The sulphur obtained by this 
process is purified as descril^ above. 
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Charcoal. Charcoal was formerly obtained by 
burning wood in large heaps in such a way that it was 
only partially consumed. This old and extravagant 
method is now entirely superseded. The W'ood is 
subjected to a destructive distillation in closed 
cylindrical vessels. At Waltham Abbey the plant 
consists of a largo cylinder into which a number 
of smaller cylinders, charged with wood and closed, 
are packed. The large cylinder (which is built into 
a furnace) is heated, the W'ood is charred and the 
small cylinders, still closed, are removed while hot, 
and cooled before they are oj)ened. In this way 
a great loss of charcoal, due to contact witn the 
oxygen of the air while hot, is avoided. The 
(iharring of the wood is also easily regulated. 

Within the past century many changes have 
naturally been suggested in the composition of 
gunjmwder. The use of sodium nitrate as a sub- 
stitute for ]>otassium nitrate is found unsatisfactory, 
as the former is a very dcli(|uescent salt. Am- 
monium nitrate is even less suited to replace salt- 
j>etre for the same reason. Potassium chlorate i.s 
a salt very rich in oxygen, and many attempts have 
been made to introduce it ^nto gunpowder, but 
there are many objections to its use. It is a very 
dangerous salt to manu- 
facture on account of its 
great oxidising power and 
sensitiveness to friction, 
and |)owder8 containing it 
evolve hydrochloric acid 
in the gun when fired. 

The introduction of 
charred straws to replace 
charcoal was an impor- 
tant advance, producing 
a slow-burning powder 
suitable for large guns, 
of high efficiency, espt'ci- 
ally when moulded in the 
prismatic form, which is 
describetl httr. 

The Grinding 
Mill. Tlie sulphur, salt - 
ix;tre, and charcoal are 
ground to fine powder 
separately in a grinding 
mill, which may be of 
a Imost any form. In early 
times the ingredients were 
mixed, and then ground 
and incoqmrated in one 
o|>eration ; but this plan 
was very unsatisfactory, as the mixture was never 
sufficiently intimate, and the danger of e.x})lo8ion 
from friction was much greater. The powdered 
ingredients are weighed out in the jirojjortions 
desired, and mixed roughly in a copper drum hy 
means of a revolving shaft fitted with forked arms. 
(Ireat ])recautions are taken to prevent any foreign 
matter, such as scraps of iron, from getting into 
the charge. 

The roughly mixed charge — a “ green charge,’* 
as it is called— is thoroughly mixed in an incor- 
porating mill of the edge-runner type [1], the more 
modern of W’hich have susj^ended runners, never 
actually touching the bed. The runners weigh 
about four tons, and the largest charge mixed at 
a time is 50 I b. to 60 lb., depending on the nature 
of the powder. The charge is spread upon the bed 
of the mill, and sufficient water addea to prevent 
the material rising as dust, but not enough to 
cause the jiowder to cake on the runners. During 
the mixing, additional quantities of water are 
0758 
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added as the early supply is evaporated. The mixing 
lasts from three hours to six hours, varying with 
the type of powder. A special drenching apparatus 
is fitted up, which pours water over the incorporat- 
ing mill in tlie event of the ignition of the charge. 
When the mixing is completed, the powder is in the 
condition of mill-cake. 

Breaking the Mill-cake. This mill-cake 
is broken to a convenient size by wooden 
hammers, and tlum jrassed through a breaking- 
down machine, W'hich consists essentially of two 
pairs of brass rolls. The cake is roughly ground 
on the upper rolls, and falls through on to the 
second pair, where it i.s crushed to a fine powder. 
The pressing of this powder into a hard cake is 
now carried out, ns a rule, by means of a hydraulic 
])ress. Alternate layers, consisting of powder and 
ebonite )>lates. aiv built on lo]» of one another 
on a trench which runs u])on the hed-])late of the 
press (2]. When the fHIc is of sufficient height, the 
trench is run on to the bcd-}>late, and iHi'ssure is 
} applied gradually. Naturally, there are many 
precautions to l>e observed, am! certain ])eciiliaritips 
in the ])ress and method of manipulation ; but 
practical experience is the best, and is. in fact, the 
only means of becoming 
acquainted with the details 
of the process. The pres- 
sure is (‘ontinued for a 
time, averaging about half 
an hour. The trench i< 
then withdrawn, and the 
edges of the cakes cut 
off, as they are not pressed 
to the same density as the 
body of the cake. 

The cake has now to 
be transformed into the 
shape of grains. It is first 
broken to suitable size by 
' means of wooden ham- 
mers, and then ruitlhrougli 
; u breaking-down machine 
and sieved to size. The 
revolution of the disc 
breaks down the lum])s of 
cake, which, when they 
are sufficiently small, fall 
through the perforations 
' on to a second |)erforated 

. tray with very small 

MllMFried. Krupp) 

' too finely pulverised por- 

tion is sifted off. This second sieve may be made 
of hair instead of l>oing perforated, and the first 
sieve is often in the form of finely- meshed brass gauze. 
A number of these granulating sieves, with woighUai 
discs, are connected together for economical working. 
By passing the grains through sieves of various-sized 
mesh, the jiowder may be sorted out into the sizes 
required for various purpose.s. 

Glazing and Drying Gunpowder. The 
powder is glazed by being rotated in a drum 
for some hours, the time varying with the size of 
the granules. After this it is dried. The drying- 
room is a large chamber heated by steam, in which 
trays containing the powder are laid out in racks. 
The temperature employed varies from 100® to 
140® F., and the powder takes from six to 
tweVe hours to dry. When dry, the dust which is 
present among the grains is separated by rotating 
the powder for some hours in a closed cylindrical 
sieve, a small quantity of graphite being added to 
give a final gloss. The powder is again passed 
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through sieves of various sizes in a final sorting 
ojperation to separate the different sizes of grains. 
The powder is now finished, and requires only to 
be blended to be ready for use. 

Composition of Gunpowder. The com- 
position of gunpowder varies in different countries, 
and also in accordance with the purpose for 
which it is destined ; but the most largely used 
formula, and the one most generally accepted, is : 
saltpetre, 75 parts ; sulphur, 10 parts ; charcoal, 
15 parts. All other formulae approximate closely 
to this. 

In addition to ordinary rifle, sporting, and 
blasting powders, there are many varieties of gun- 
powder manufactured of which space does not 
permit description. Compressed powder is, how- 
ever, of sufficient importance to receive some 
mention. The objeet of using compressed powder 
for large guns is to i)revent too rapid combustion 
at the actual moment of firing. It is desired that 
the pressure in the gun should be small to l)cgin 
with, and then rapi(ily increasing as the projectile 
nears the muzzle of the gun. By having the powder 
in blocks wdth holes through the centre of them — the 
so-called “ prism powder ^ — a small burning surface 


Needless to say, the glycerin is thoroughly tested 
in the laboratory before being used on the manu- 
facturing scale. 

InRredients in Nitro ■ glycerin. Al- 
though the active agent in the nitration of 
glycerin is nitric acid, in practice a mixture of 
nitric and sulphuric acids is used. When nitric 
acid acts on glycerin, nitro-glycerin and water are 
formed. As the action goes on the increasing 
quantity of water rapidly dilutes the nitric acid, 
with the result that the action slackens and side 
reactions are set up. To obviate this, some body 
is required which has an affinity for water, and 
which will absorb it as soon as it is formed. Strong 
sulphuric acid is found to be best suited for this 
purpose, as in the mixture with nitric acid it has 
no action on the nitro-glycerin. The nitric acid 
used is. as a rule, prepared in the factory where it 
is to he consumed, and in come cases sulphuric 
acid plant has been fitted up. The strongest acids 
are used, the nitric being of 1*5 specific gravity, 
and the sulphuric about 1*842. The proportions 
of the mixed acid vary in different factories, but 
on the average the mixture is about three-parts 
of sulphuric to two parts of nitric. The mixing is 


is obtained, which increases as the com- ^ 

bustion goes on ; and as it increases the JnjBjfl 
pressure grows greater, and the projectile 
is invested with greater carrying power, 

Prism powder is made in regular hexagons | 
with a number of holes running through I 
them. These hexagons can be fitted 
accurately together so that no space lies 
between in any direction. Large charges 
are made up by fitting a number of the j ||^ | 
hexagons together, and the combustion ■ 
takes place from the interior of the charge, I || M 
thus giving the recjuircd increase in llj 

surface. It will readily be seen that 
did the burning begin on the outer 
surface, the burning area would be 
steadily decreasing instead of incroas- t 
ing. The prisms are made by by- 
diaulic j»rcssure, and the composition 
is j»raotically identical with that of 
ordinary black powder, except in the |M| 

case of cocoa, or brown powder, 
which consists of : potassium nitrate, 

79; sulphur, 3; and charcoal, 18. 2. HYDr; 

Nitro-glycerin. When .Alfred {Fri& 

Nobel attempted to adn])t nitro-glycerin to practical 
purposes, he experienced great difficulty in finding a 
suitable form in which to use it. The first method. 


2. HYDRAUIJC PRESS 
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I carried out in large wrought-iron cylindrical 
vessf^ls supplied with air to agitate the 
liquids, and the acid is run from them 
to ‘‘ moutejiis,” or “eggs,” from which it 
is blown under high pressure to the nitrat- 
ing Hj)paratuH. 

The waste acid — that is, the acid after 
nitration, from which the nitro-glyccrin 
has l)een completely separated — varies in 
■ composition, but averages 67 per cent, of 
F sulphuric acid, 11 ]:>er cenl. of nitric acid, 
P and 22 per cent, of water. It is not found 
to be practicable to make up this 
waste acid to its original strength, 
and use it to nitrate a fresh charge 
of glycerin, so it is subjected to a i»ro- 
cess of denitration. Vaiioiis methods 
are used to separate and recover the 
■■ ‘ acids, and of these the following has 

been widely adopted. The waste 
hH acid, freed from nitro - glycerin, is 

allowcfl to percolate from top to 
bottom of a tower, various devices 
LJC PRESS being made ust* of to expose as large 
\riipp) a surface of the liquid as possible. 

Steam is passed in at the bottom of the tower, and 
ns it rises it carries away the nitric acid, w’hich is 
collected in a dilute state in earthenware receivers. 


that of running the explosive in its liquid form into 
boreholes, and then exploding it, was attended 
with great danger, and many disastrous accidents 
occurred. The carriage of the “ blasting oil,” as it 
was called, was another source of trouble, until 
it WHS found that the solution in methyl alcohol 
greatly decreased the liability to explosion. The 
alcohol was evaporated immediately before the 
nitro-glyccrin was required for use. Even then, 
however, the disadvantages of a liquid explosive 
were numerous, and it was not until Nobel suc- 


The waste acid, freed from nitric acid, is collected 
at the bottom of the tower, and consists of dilute 
sul]»huric acid, which is concentrated by evajjora- 
tion of the water from it. 

The amount of acid required t(^ nitrate one part 
of glycerin varies in different works, but is usually 
from seven to eight parts, and the yield of nitro- 
glycerin is from 200 i>er cent, to 220 per cent, of 
the glycerin used. 

Nitrating Apparatus. The first opera- 
tion in the actual manufacture is the nitration. 


ceeded in finding a suitable absorbent that nitro- 
glyccrin became a success. 

Nitro-glycerin is a chemical compound, formed 
by the action of nitric acid on ordinary glycerin. 
The glycerin used for the nitration is practically 
pure. It must contain only minute traces of 
mineral matter, and its ash should be below 0*10 per 
cent. It is prepared by the distillation of the crude 
glycerin from the soap and candle factories, and 
in some oases is purified in the explosive factory. 


For convenience of working, the whole plant is 
arranged so that at the conclusion of each opera- 
tion the nitro-glycerin may flow downwai'ds to 
the building in which the next stage is carried 
out. Thus, the nitrating house is, if possible, 
situated at the summit of a small hill. If such be 
not available, the buildings are arranged artificially 
one above another. In any case the plant is usually 
known as a “ hill.” The nitrating apparatus [8] 
consists of a large lead-lined tank, in the interior of 
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. which are a number of lead coils, through which cold 
water flows during the nitration, the object being 
to keep the temperature down. At the bottom 
of the tank is a perforated lead pipe, for the admission 
of air, to keep the contents in a continual state of 
movement. A lead cover is fitted over the tank, 
perforated with a small hole through which the 
thermometer bulb passes down into the acid, and 
with a large hole connected with a pipe to carry 
off the acid fumes to a condensing apparatus. 
Several thick glass windows, L, circular in shape, 
are inserted in the cover, so that the contents of the 
tank may be observed. There is an inlet pipe for 
the mix^ acid, and another for the glycerin, the 
latter being sometimes sprayed in by means of an 
air- jet. At the bottom of the tank is an outlet pipe 
through which the charge is run off when the nitration 
is finished. During the nitration the outlet pipe is 
invariably in connection with a large tank of water 
called the “ drowning tank,” so that in the event of 
any abnormality in the nitration the whole charge 
may be drowned by the turning of a cock. 

Working the Nitrating Apparatus. 

The mixed acid is weighed out and run into the 
nitrating apparatus. When the man in charge is 
satisfied that everything is in order, he turns on 
the air pressure so that the acid is kept in con- 
tinual movement. Meanwhile, the weighed quantity 
of glycerin (from 700 lb. to 900 lb.) has been run into 
a small tank. M, at some height above the nitrator, 
and connected to it by a pipe. In winter it is 
necessary to have the glycerin slightly warmed, 
so that it will pass reaaily through the injector. 
The glycerin is now added in a thin stream, the man 
in charge of the operation keeping his attention 
continually fixed on the seals of the thermometer, 
where a red line at the figure 22® C. denotes the point 
above which the mercury must not be allowed to 
rise. In Germany and other Continental countries 
nitration is carrie4 out at from 25® C. to 30® C., but 
in Groat Britain 22® C is the usual limit. By regulat- 

constant to a degree during the nitration. 

The Separating Tank. When the whole 
of the glycerin has been added, the charge is 
allowed to remain in the nitrator until the 
temixirature falls to about 17® C. The outlet 
pipe is then disconnected from the drowning tank, 
and connected to the separating tank in the building 
below' — the separating house — and the whole charge 
run into this tank. The separating tank varies in 
construction according to the method of separation 
used. In this country the nitro-gl^'cerin is usually 
skimmed by hand, and the tank is a lead-lined 
rectangular apparatus whose bottom slopes towards 
one end, where the outlet pipe is situated. In this 
tank the charge remains until the nitro-glycerin 
has all risen to the top. This takes from IJ to 2J 
hours. The nitro-glycerin is skimmed off by means 
of an aluminium skimmer, shaped like a soup-plate 
with a handle over the top. As it is skimmed it is 
j»oured into a sloping trough, from which it runs 
through a lead pipe to the tank in which it receives 
its first washing, to remove the greater part of the 
acid from it — the “ pro-wash tank.” When all the 
nitro-glycerin has been removed by skimming ns 
far as possible, the charge of waste acid is run out 
of the separating tank and conducted to a large 
building filled with lead vats. These are filled up 
w'ith the waste acid and the latter allowed to rest for 
some days so that the last of the nitro-glycerin may 
rise to the top. The vats, which are wide at the base, 
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taper at the neck, so that the small quantity of 
nitro-glycerin may be readily skimmeid off with 
a dipping ladle, or this process of after separation 
may be obviated by the edition of small quantities 
of water to the waste acid, which prevents further 
formation of nitro-glycerin, and permits of immediate 
denitration of the acid (patent, Nathan, etc.). 

Meanwhile, the main body of the nitro-glycerin, 
which has been skimmed in the separating house, 
is subjected to a preliminary washing with dilute 
sodium carbonate in a tank situated in the separating 
house. 

Washing Nitro-glycerin. The nitro- 
glycerin is now run out of the pre-wash tank 
through a series of pipes or covert gutters (the 
latter being often preferred, as they are more 
easily cleaned in case of stoppage) to the wash-tank 
in the washing-house. The wash-house contains large 
tanks each capable of washing about a ton of nitro- 
glycerin. At the back of this building is a small 
shed in which the solutions of soda are made up 
and heated by steam. The sodium carbonate 
solution and hot water are run into the washing-tank 
and mixed by air pressure with the nitro-glycerin, 
the temperature of the whole not exceeding 30° C. 

After fifteen minutes’ agitation with the soda, 
the air supply is shut off, and the soda rises to the 
top. A few ^inutes are allow'ed for the separation of 
the soda, and it is then skimmed off, or run off 
by means of rubber tubes situated at different levels 
in the tank, so that the top layer may be completely 
removed without loss of nitro-glycerin. The wash- 
ings with soda are repeated three or more times until 
purification is complete. In early work with nitro- 
glycerin many of the serious accidents were due to 
the presence of traces of acid in the explosive. 
Slight decompositions sot in and the nitro-glycerin 
grii^ually became very unstable. 

To free the nitro-glyoerin from sodium carbonate, 
one or more water washes are given after the soda 
has been drawn off. 


liter 111 jc> iTi. i^iicu i/ii iii lui' waniiJii^- 

house. PVom the wash tanks it is run into a 
reservoir tank through a filter, which renders it 
clear in colour, removing the minute particles of 
water with which it is mixed. The filter consists 
of a cloth filled with dry common salt or sponges. 
Below the reservoir tank stands a weighing machine, 
or measuring vesfiels may be used to avoid this. 
Boxes are brought in containing the weighed quan- 
tities of the other ingredients of the explosives. These 
are placed upon the weighing machine, fared care- 
fully, and the requisite amount of nitro-glycerin 
weighed in. The boxes are then removed from the 
platform of the machine, and the nitro-glycerin 
mixed roughly with the solid ingredients by hand. 
This obviates the difficulty of conveying the jiitro- 
glycerin from place to i)laee in the liquid state, a 
proceeding which is fraught with some danger. 

Throughout the whole of the operations descrilK'd 
above great precautions are taken to avoid all chances 
of explosion. The clothes of the men engaged in the 
manufacture are made specially for them, and arc 
without any metal buttons. Pockets are also 
forbidden, so that there may be no temptation to 
bring unauthorised articles into the danger area. 
At the door of each building rubber shoes are put on 
over the boots, so that no grit from outside may be 
brought into the buildings. The Government and 
faf'tory regulations are posted prominently in every 
building, and they are read over to the men by their 
foreman at frequent intervale, 
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Dangers of Nitro-slycerin, O! all ex- 
plosives, nitro-glycerin is the most dangerous 
to handle and manufacture. It will readily be 
seen that a liquid is less easily removed entirely 
when the vessels containing it have to be cleaned 
out. In the case of a spul, also, it is extremely 
difficult to clean up the last traces. At one time, 
the floors of all buildings in which nitro-glycerin 
was used were composed of fine sand, which was 
frequently changed ; but the advantages accruing 
from this plan were more than neutralised by 
the danger of grit getting into the apparatus. 

In winter, the liability of nitro-glycerin to j 
freeze is a source of much trouble. The build- j 
ings are kept heated by steam heaters, but the | 
pijjes and gutters connecting the buildings are 
ve^y apt to be frozen up in the morning when i 
work is duo to begin, notwithstanding all prccau- | 
lions. Nitro-glycerin solidifles at 80"^ C., so that 
in even moderately cold 
weather this trouble occurs. o 

Unfortunately, also, in the V 

solid state, it is much more L 

dangerous to handle. Thus, 
the mere fracturing of a * 
crystal has been known to 
cause c.xplosion. 8trangely 
enough, if pro])er precautions : 
arc taken, nitro-glycerin may 
be (‘oolod far below its ordin- ! 

ary freezing - point without | iHi 

becoming solid ; but the least 
shaking of the liquid, or the 
addition of a small crystal 
of solid nitro - glycerin is 
sufficient to cause it to |l D * 

solidify suddenly. This is the w S 

phenomenon of super-cooling. /jF I 1 

The only safe method of thaw- ■ U U 113^ 
ing nitro-glycerin is by means 4B 
of warm water, but this will 
be referred to in detail later. I 

Medicinal Use of H 'HliiliiHH 

Nitro-glycerin, Nitro- * 

glyc'erin has a very strong |i| || S ||||^^| 

action on the heart, and is 

118(^1 medicinally in infmitesi- ii i||!i|li 'IBi 

mal doses in cases of angiwi II 1 1 fj WH 

pectoris. The novice, on enter- ^■|||||||i|B 
ing a building where the manu- 
facture is being carried on, is 

seized with a violent throbbing ||||y|| HH 

of the head which develojm 
into a bad headache, lasting ill I ill ilBi 

throughout the remainder of 


soluble in benzene, ether, alcohol, and other 
organic solvents, but insoluble in water. A drop of 
nitro-glycerin explodes when struck with a hammer 
on an anvil. When the liquid is heated in any 
quantity, it explodes at about 180° 0., though vc'-y 
small quantities have been raised to much higher 
temperatures without detonating. Of course, com- 
bined heating at much lower temperatures (below 
100° C.) gradually decomposes nitro-glycerin, and 
it explodes with violence. 

Dynamite and Other Nitro-glycerin 
£xplosive8. As stated above, it was found 
that the use of nitro -glycerin in the liquid state 
was too dangerous, and it became necessary to 
find some means whereby it could be obtained 
in a more suitable form. The attention of 
Nobel, among other investigators, turned to 
F the discovery of some substance with which it 
could be mixed to give a plastic mass which 
I could be easily handled, and which would at 

I the same time retain fho explosive properties 

I of nitro-glycerin. Amongst the early attempta 
may be noted that of mixing the liquid with 
black gunpowder and filling the cartridges 
with the mixture. Alfred Noble discovered 
^ the suitability of kieselguhr for the pur- 
pose, and the explosive made with its 
aid is used in large quantities to the 
present day. 

Kieselgulu* is an infusorial earth, made 
up of the shells of minute diatoms. It is 
found in some ])arts of Germany, and in 
j the north of Scotland, near Aberdeen. The 
earth varies very much in appearance, that 
C' found in Germany being 

' I D almost pure white, while 

Scotch “ guhr is dark grey, 
—fir 1 almost black. As found in 
‘ A nature, kieselgulu* contains a 

^ large proportion of organic 
4 N matter, which has to be burnt 
I off before the earth is used. 
It may either bet piled in 
heaj)s anil burned — wdiich 
process takes some days — oi* 
roasted in fiirnaoc'S. When 
! calcined in this way, kiesel- 
guhr is usually of a salmon- 
pink colour, and very light 
and impalpable. Under the 
microscope it is seen to consist 
of innumerable minute struc- 
tures of many different shapes. 
The source of the guhr may 
often be told by an examiuH' 
tion of the structures. The 


ness, with violent vomiting, latter are hollow or tubular, 

oocurB. Thene syniptoms uro s ^itbating plant capable of absorbrng 

most marked when the ex- VO *t?i a. Woudoii vat c'. Air iniot pipes li. Cooling ^ large quantity of nitro- 
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through tho pores and thus ^ fiih* an admitting coiupressed air to 76 parts of nitro-glyoerin, 

enters the system. In a few weeks most of the and is only sufficiently moist to adhere when 


workers become quite inured to nitro-glyoerin, 
and though their arms may be soaked in it 
above the elbow, they suffer no ill effects. Should 
they be away for a week or two, however, on 
returning to work they are again subject to head- 
aches. There seems to be no permanent ill effect to 
the workers, ns they appear as healthy as workers 
employed in any other class of labour. 

When pure, nitro - glycerin is colourless, but the 
oommeroial variety is generally slightly yellow. It 
is without smell, and has a sweetish taste. It is 


pressed. 

Preparing Dynamite. Dynamite is pre- 
pared almost entirely by hand. The kieselguhr, 
after it has been oalcined, is ground in a mill, 
and then weighed out in suitable quantities. Con- 
siderable care has to be taken with the grinding. 
It is necessary to break the calcined lumps to 
powder, but if the milling be carried on over long, 
the structures of the shells will be broken down and 
the absorptive power of the guhr greatly decreased. 
Thus, samples oalcined and mixed with nitro« 
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glycerin in the laboratory show an absorption 
greater by several points }ier cent, than the same 
guhr calcined and ground on the larger scale. The 
weighed quantities of guhr are placed in large 
wooden boxes with brass fittings, and conveyed on 
trucks to the wash-house where the nitro-glycerin 
is stored. The necessary amount of the latter is 
weighed in and the box removed from the weighing 
machine to a bench, where a workman, with sleeves 
rolled up to the shoulder, roughly mixes the ingre- 
dients with his hands. This rough mixing is given 
in order that the nitro-glycerin may not be lying 
in pools in the box during its conveyance from the 
wash-house to the mixing-house. The boxes are 
again placed on a truck, and taken to the mixing- 
house, where thed5mamite is thoroughly mixed. A 
small quantity (usually about \ )ier cent.) of .sodium 
carbonate is added, and uniformity of composition 
is obtained by rei)eated rubbing by hind tlwough 
brass sieve.s. The consistence of the dynamite is of 


of time a bearing heated, or a sharp tap of metal 
on metal caused the explosive to fire. Immediately 
the whole stock in the building flared up and tlie 
occupants were lucky if they e8cai)ed with their 
lives. So many modifications and improvements 
have been introduced that the machine is now 
almost entirely without danger to the operator. 
As a rule, several cartridge machines are fitted to the 
w'alls of a small wooden hut, which is isolated — as 
are all explosive buildings — by high banka of earth 
or sand. 

Disadvantages of Dynamite. The great 
disadvantage of dynamite in practical use is 
its liability to freeze in winter. When frozen, it 
is as hard as stone, and an attempt to insert a 
detonator into the cartridge would be not only 
difficult, but highly dangerous. (Vmsequeiitly, 
dynamite must alw'ays be thawisl in winter befort* 
use, and the only safe methml of thawing it is to 
place the cartridge in a warming-]mn, wlik h is a 




great importance. As it is mostly used by miners, 
who have their own ideas — mostly without founda- 
tion — as to what good dynamite should look like, 
it has to l>e prepared to meet their reijuirements. 
Thus, in our part of the w’orld, dynamite is not 
thought worthy of the name unless the nitro- 
glycerin may lie seen exuding in the liquid form 
on the cartridge paper ; w'hile in other countries 
an exudation such as this is 
considered a proof of in- 
feriority. The manufacturer 
must consider these pre- 
judices, and bear in mind 
the destination of a batch 
wliile it is being made, so that 
he may regulate the proiK)r- 
lions. As a matter of fact, 
the slight difference in pro- 
portion required to change 
the dynamite from dry to 
damp will make little if any 
difference on its explosive 
jiower. 

Making Dynamite 
Cartridges. When mixed 

and sieved, dynamite is ^ EXPLO' 

a chocolate-coloured, soft, ' ^ ' 

mealy material, and is ready ' «nier, 

to be ijressod into cartridges. This operation is 
generally carried out in a machine worked by hand. 
A funnel-shaped cavity tajXTS at the bottom into a 
bra.s8 tube the diameter of the cartridge which it is 
desired to make. A plunger with a brass, or 
preferably a hard wood, ht*ad, works uf) and down 
in the funnel, press ng the dynamite w ith which the 
la'ler is filled through the tube. The plunger is 
worked by a lever handle at right angles to it. The 
handle is pre.s8ed down, carrying the plunger down 
through the funnel, and by means of a spring it 
rises ready for the next stroke. The operator rolls 
a cartridge pajjer round the tul>e at the bottom of 
the funnel, folds in the ends, and pre.sse8 down the 
lever several times until the paper is filled. The 
cartridge is then removed from the machine, the 
upper end of the paper folded in, and the operation 
is finished. A considerable amount of practice is 
required in order to know just how much pressure 
to apply with each stroke of the plunger. Too 
great pressure forces the dynamite into a solid lump 
and causes the nitro-glycerin to exude on to the 
cartridge paper. 

The earlier forms of this machine wore very 
unsatisfactory. The loose dynamite worked its 
way into the joints of the machine, and in the course 


water-jacketed pan, within the double walls of w hich 
water at 00"’ f’. is contained. A great many of the 
accidents which take place in the use of nitro- 
lycerin are due to careless methods of thawing, 
gnorant workmen heat the cartridges in many 
reckless ^ays — by carrying them about in their 
trou.scrs- pockets ; heating them by placing near 
an open lire; heating in a tea-can over an open 

fire, etc. A glance 
tlirough the annual 
report of the ('hi *f 
Inspector of Ex- 
])losives would 
furnisli many 
such instances. 

There are 
many inodi- 
fi (! a t i o n s of 
dynamite on 
the market, 
containing such 
ingred ien ts as 
wood - j>ulj>, etc. 
PoUissium nitrate, 

^ ^ " sodium nitrate, 

4 . EXPLOSIVE MIXING MACHINE ammonium oxa- 

(Wenier, Pfteiderer A’ I'erkins, Ltd.) ^ 

salts arc incor- 

jMirated with other modifications, eaiih being used 
to gain some sjxjcial advantage for the exjilosive. 

Blasting Gelatin. The invention, by 
NoIkjI, of blasting gelatin greatly reduced 
the consumption of dynamite. He found that 
by mixing nitro-glycerin with collodion (iotton, 
a weakly nitrated (gotten soluble in ether al- 
cohol, and heating the mixture, a homogeneous 
gelatinous mass was obtained, which poss(*ssed 
great advantages over any existing explosive. 
Roughly s]>enking, the projiortions of the mixture 
are about llO parts nitro-glycerin to 10 parts of 
nitro-cottrm, but the quantities vary with 
different makers. The iiitro-glyecrin is added to 
the nitro-cotton in the wash-house, and mixed there 
roughly, as mentioned above. The mixture is con- 
veyed to the gelatin house, where it is heated in a 
copjier or brass pan, by means of a water-jacket, to a 
temperature of about 45° — 50° C. The pan is fitted 
with stirrers which keep the mass in movement. 
Specially modified Werner and Pfleiderer mixers 
14 and 6 ] are generally used. A batch of blasting 
gelatin is mixed and gelatinised in about an hour. 

The solid gelatinised mass is cut into smaller 
lumps and carried to the cartridge- making huts, 
which differ from the dynamite huts in the cartridge 
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machincR usod. The machine is practically an 
ordinary sausage machine. It consists essentially 
of a spiral working within a cover. The gelatin is 
placed in a small hopper and the first coil of the 
spiral A^i-tches it and carries it along towards the 
nozzle, from which it appears in the form of a long 
continuous sausage. The whole machine is made 
of brass, and the spiral is actuated by a shaft turned 
by hand. Nozzles of different sizes can be fitted to 
the machine, according to the size of the cartridge 
desired. The continuous gelatin sausage is cut 
into suitable lengths by moans of a wooden hinge, 
the lengths are rolled in paper, and the cartridges 
are ready to be packed. 

There are many modifications of blasting gelatin, 
just ns there arc of dynamite. The method of manu- 
facture is, however, essentially the same. The best 
known of these are gelatin-dynamite and gelignite, 
the former being a blasting gelatin containing a 
certain proportion of wood-pulp, and the latter 
containing wood - pulj) and potassium nitrate. 
These ingredients are incorporated with the 
explosive during gelatination. Other gelatin 
explosives arc manufactured, containing ammon- 
ium oxalate. 

Cordite. Oorditc, which was patented by Sir 
F. A. Nobel and Professor D.nvar, is also a gelatinised 

mixture of nitrated 

cotton and nitro- 
glycerin ; but in this 
case the cotton used 
is guncotton, the 
most highly nitrated 
cotton. The mixture 
cannot he gelatinised 
simply by dissolving 
the guncotton in 
nitro-glycerin, as it 
is not soluble. Con- 
s e fj 11 e n 1 1 y, some 
medium is required 
to render the 
gelatinisation possi 
ble, and for this 
purpose acetone is 
used. I’lie guncotton 
and nitro-glycerin arc 

mixed together in the 

required jiroportions 
(cordite as originally 
used consisted of 58 
]»er rent, of nitro-glyecrin, 37 per cent, gun- 
cotton, and 5 per cent, vaseline), and acetone 
is added and hardened into the muss. To 
this, after about 3^ hours mixing, the correct 
amount of vaseline is added, and the whole mixed 
for 3J hours more in a Werner and Pfleiderer 
mixing machine. When the mixture is thoroughly 
gelatinised, it is removed to the press-house to be 
formed into the cords in which it is used. For this, 
hydraulic pressure is required, and s|>eoial presses 
have been designed to meet the requirements. The 
soft gelatin is placed in a steel cylinder and pressed 
by a tightly -tit ting plunger through a hole situated 
at the other end of the cylinder. As the cords are 
pressed out, they are rolled upon reels and removed 
to a drying-house where the acetone is evaporated. 
Large sizes of cordite are not reeled up, but are cut 
to the required length at once and dried in trays. 
The temperature at which drying is carried out is 
about 100” F. Recently, the conijiosition of cordito 
has been altered, and the new explosive is known as 
“ Modified Cordite.” The process of manufacture 
is, however, essentially the same. 


Bat list lie. Another smokeless powder similar 
cordite in some respects is hallistitet the invention of 
Alfred NobeL It is composed of 50 per cent, of 
soluble nitro- cotton and 50 i)er cent, of nitro-glycerin. 
In this case the soluble cotton will not dissolve 
directly in the nitro-glycerin, as it docs in the case 
of blasting gelatin, as the proportion of nitro-cotton 
is too great. Consequently, a solvent is used as 
with cordite, in this case, benzene. In many respects 
the process of manufacture is similar to that of 
cordite, but the form of the finished explosive is 
different. The gelatinised mass is pressea through 
heated rolls and emerges in the form of a thin sheet, 
which is cut up by another machine into small 
squares. 

Nitro-cotton. The princqile of the manu- 
facture of nitro-cotton is the same as that of the 
manufacture of nitro-gylcerin — namely, the treat- 
ment of the substance to be nitrated with strong 
nitric acid. Here, also, a mixture of nitric and 
sulphuric acids is used, with the object of removing 
the excess of water formed. The cotton used is 
received in the explosive factory in large compressed 
ha les. 1 1 is the waste from the cotton mills. Before 
it can bo nitrated it must he subjected to a prelimi- 
nary purification to free it from dirt, grit, oily 
matter, etc., and to get it into a suitable state of 
division for nitration. 



5. EXPLOSIVE MIXING MACHINE 
(Showing trough tilted) 


It is then placed in 
stoves and dried at 
about 100” C., being 
withdrawn from the 
stoves and weighed 
just when required 
for use. 

The great d iff erence 
between the nitration 
of glycerin and cot- 
ton lies in the fact 
that the former, on 
treatment with nitric 
acid, always — with 
one exception — gives 
the same product — 
tri - nitro - glycerin ; 
whereas cotton gives 
a whole series of 
nitro-derivatives ac- 
cording to the consti- 
tution of the acid 
mixture. Guncotton 
is the compound in which the greatest amount 
of nitration has taken place, six molecu’es of 
nitric acid lieing combined with two molecules 
of cotton. Other nitro-cottons have been isolated, 
containing five, four, three, and two nitro 
grou))s. Soluble cotton or collodion cotton is a 
mixture of these lower nitrated cottons. It is used 
in the manufacture of blasting gelatin, and also in 
many other industries. Nitro-cotton of a very low 
degree of nitration is used for the manufacture of 
articles of the celluloid class. When very slightly 
nitrated, its liability to explosion is slight, though 
it is still highly inflammable. In the following 
description of the method of manufacture we shall 
consider guncotton, the most highly nitrated cotton, 
to be the variety under treatment. 

The mixed acid used is prepared as described under 
Nitro-glycerin. It consists, on an average, of one part 
of nitric acid to three parts of sulphuric acid, both 
being highly concentrated. A very large excess 
of mixed acid is required, compared to that actually 
taken up by the cotton. As a result, the waste acid 
is still fairly strong, and is made ux) to its former 
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composition by adding more strong acid, and 
used again for another batch of cotton. 

Manufacturing Guncotton. As a typical 
example of the manufacture of guncotton, the 
main lines of the method employe at Waltham 
Abbey may be followed, although it must be 
remembered that each factory has its own 
peculiarities. The years that have been spent on the 
investigation of nitro-cotton have produced much 
information, a great deal of which has never reached 
beyond the works in which it originated. 

Quantities of dried cotton of about 1 J lb. weight 
are dippeni into a tank or “ dipping-pot ’^containing 
a large excess of mixed acid, tae mass is removed 
with a large pronged fork as soon as it is soaked with 
acid, and placed in small earthenware jars shajjod 
like ordinary pails and having earthenware covers. 
The cotton soaks up about eleven times its own weight 
of acid in the dipping- pot, and is allowed to retain 
it in the earthenware jai for about twenty-four hours. 
A large number of these jars are placed on a tiled 
door or pit, a little lower in level than the surround- 
ing floor, so that water may circulate round the jars 
and keep the temperature down. Even with this 
precaution there is some danger of the acid cotton 
“ fuming off.” One of the jars may become over- 
heated, and rapid decomposition takes place, 
w'ith liberation of great volumes of brow'n fumes. 
The decomposition spreads to other jars, and unless 
the area affected is isolated at once, decomposition 
may become general. The men in charge immediately 
remove the pots in the neighbourhood, and allow 
those which have fumed off to die down. No ex- 
plosion takes place, the only danger being from the 
fumes which arc generated and affect the lungs. 

Treatment After Nitration. When the 
nitration is completed, the contents of the jars 
are emptied into a centrifugal machine, the basket 
of which is made of finely jxjrforated wrought 
iron. The transference from the nitrating jars to the 
centrifugal is as rapid as jKJSsible, as it is dewablc 
that the nitro-cotton should not Ixj in contact with 
the air while it contains a largo proportion of acid. 
Even while in the centrifugal, fuming-off or firing is 
not at all uncommon. When the basket is charged 
with acid cotton, the centrifugal is set in motion 
and the excess of acid is forceti out through the per- 
forations. When this of>eration is completed, the 
nitro-cotton is removed as fpiickly as possible 
from the basket and put under water in a wash tank. 
Fresh water flows tliiough the tank, loss of nitro- 
cotton being yjrevented by a sieve over the outlet 
]»ipe. The continuous changing of the water, and the 
agitation and juessing caused by the paddle-wheel, 
remove the excess of acid from the cotton. When it 
is at last neutral to litmus pajKjr the excess of water 
is removed in a centrifugal machine. Although tho 
nitro-cotton after this preliminary washing is appar- 
ently free from acid, it has been found that this is far 
from l)eing the case. In the early days of nitro- 
explosives numerous decompositions accompanied 
by explosion took place when guncotton was stored 
for any length of time. Sir Frederick Abel was the 
first to point out the reason of this. The fibres of the 
cotton are hollow, and at the end of tho nitration 
are filled with acid. It was found that no amount 
of washing was sufficient to remove this acid com- 
plctf ly, and until Sir Frederick Abel proposed the 
dismtegration of the fibre, nitro-cotton W'as a 
highly dangerous body in practice. 

Before pulping, however, the guncotton is boiled 
for some time in large wooden vats. The vats are 
filled with guncotton and water, steam is passed 
in from below, and the boiling continued for a vary- 
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ing time, as much as three to four days being some- 
times given. 

Purifying and Drying Guncotton. 

As mentioned above, it is necessary to destroy 
the tubes of the cotton fibres before the pur^||^ation 
can be complete. This is done in the pulping 
machine [6 1. A revolving drum, the circumference of 
which is fitted with knives, rotates in a trough. At 
one part of its course is a set of closely-set knives, 
between which and the knives of the drum the gun- 
cotton is crushed and cut. Tho trough contains a 
quantity of guncotton in water, and as the drum 
rotates it carries part of the guncotton round to tho 
fixed set of knives. The space between the rotating 
knives and the fixed set can be regulated, so that it 
is comparatively large towards the beginning of 
the pulping, and is decreased as the operation goes 
on. The water in the trough may be changed con- 
tinually as in the preliminary washing, or the pulping 
may be carried out with one water, and the pulped 
cotton washed afterwards with repeated quantities 
of warm water. When the pulping and washing are 
finished, the guncotton should bo yierfcctly free 
from acid. Samples are drawn from it, and the 
“ heat test ” is applied. The guncotton must now 
stand the test for the regulation time. Tho excess 
of water is removed bv again centrifugalising or by a 
moulding machine, this time a fianncl cloth or bag 
being placed inside the basket of the machine, as 
the guncotton is in such a fine state of division 
that ordinary perforations would not keep it back 
If not required for immediate use, guncotton is 
usually stored wet. As it comes from the centrifugal 
it contains from 25 j)cr cent, to 30 per cent, of water, 
and it is stored in closed boxes until required. 

The drying of guncotton is carried out in a build- 
ing with a lead floor and zinc-lined walls. It is 
fitted with racks for the trays on which the explosive 
is to be placed. (Ireat care is exercised to prevent 

S it of any kind from getting into the building. 

eat is supplied by blowing in hot air, and the 
temperature is kept at about 40'’ C. C uncotton is 
not usually dried until it is required for incorpora- 
tion with the other ingredients of the explosive to bo 
made, as it is so much more safely stored wet. 

Compressed Guncotton. A very large 
proportion of the guncotton manufactured is 
used in tho form of compressed slabs. In 
making compressed cotton the drying described 
above is not carried out. CJururotton is uniformly 
mixed with pure water, when the exact weight 
required for the slab has been weighed out, by means 
of a stirring arrangement. This wot cotton is placed 
in moulds, in which tho required slab is shafKsl, 
iind a large part of tho water j)rc8sed out. The pres- 
sure at this stage is usually applied by hand, and the 
slab, though of the correct shape and area, is still 
alKJut three times the weight required, after it has 
been moulded. In order to reduce it to the right 
thickness and the desired solidity, hydraulic pres- 
sure is necessary. ^The pressure used is very similar 
to an ordinary hydraulic press, capable of exerting 
a pressure of from 7,000 lb. to 15,0(K) Ib. to the 
souare inch, but has certain slight modifications. 
Tlie finished eompressed slabs, if required for build- 
ing up charges for mines, etc., must be of a smooth 
surface so that thev will fit closely together. In 
order to get the siirface smooth and even, tho slabs 
have to be planed, filed or turned, ns their shape 
makes convenient. The (compressed cotton should 
cont-aih at least 30 per cent, of water in order that 
this trimming may be done safely, and the surface 
coming in contact with tho tool must be kept cool 
by a constant application of cold water. When 
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slabs or© required with holes tliroueh them too 
small to be conveniently made under the press, they 
are drilled out in the ordinary way, heating being 
prevented by means of cold water 

Collodion Cotton. The manufacture of 
collodion cotton, or soluble cotton, depends for its 
success greatly on the proportions and strength of 
the acid mixture. The process of nitrating and 
washing is the same as for guncotton. The pro- 
portion of the acids averages about 50 parts of 
nitric to 60 parts of sulphuric, and more water 
is present, but the time during which the cotton is 
allowed to remain in contact with the mixed acid 
is much shorter than in the case of guncotton. 

There is no difference in appearance between 
cotton fibre and nitrated cotton fibre. Of course, 
after the fibre has been destroyed in the pulping 
machine the nitro-cotton loses its characteristic 
appearance, and on drying is a fine soft white dust. 
Wet guncotton is not considered an explosive, and 
the rules and regulations regarding explosives do 
not apply to it until it is dried. Thus the buildings 
in whi(!h it is stored while wet do not need to be 
isolated like nitro- glycerin buildings. The dry- 
ing-rooms or stores, however, into which the cotton 
goes wet, to come 


Detonator©* A considerable industry con* 
nected with explosives is that of making percussion 
caps [see page 6618] and detonators. The detona- 
tors now used for exploding charges in mines, etc,, 
may be said to be simply very large percussion 
caps. Mercuric fulminate is the substance always 
employed. It is prepared by acting on 1 part by 
weight of mercury with 10 parts by weight of 
nitric acid (Sp. gr. r4), the solution heated and 8*3 
parts by weight of methylated spirit added. The 
fulminate settles in crystals, which are thoroughly 
washed. Still in its wet state the fulminate is 
taken to drying-rooms, where it is spread on the 
topmost of a series of layers of cloth, which cover 
a sleam-hoated copper table. The water is driven 
off at a low heat, and when cool the fulminate is 
taken to the mixing-room, where it is mixed with 
25 per cent, of chlorate of potash. 

The detonator factory, for its size, occu))ieH 
a good deal of ground, the huts being placed 
widely apart, and surrounded with high brick 
walls or mounds of earth. The detonator tubes 
are made of drawn copper, and vary in length 
from H in. up to (i in. The average diameter 
is about the thickness of an ordinary lead-pencil. 

The tubes are filled 


out again dry, are 
considered as explo- 
sive buildings, and 
arranged accord- 
ingly. 

Other Nitro- 
bodies. Many 
other substances 
have been experi- 
mented w'ith, with a 
view to forming ex- 
plosive nitro-deriva- 
tives, and a number 
of such compounds 
are actuallv in use. 
Picric acid, which ^ 
is the tri-nitro deri- 
vativc of phenol, or 
carbolic acid, is the most 


into plates contain- 
ing one hundred, 
^ and are charged 

with the mixed 
f n 1 m in a t e. T h e 
fulminate is sub- 
jeeted to pressure 

sufficient to reduce 

one-half 

The 

then 

sawdust. Fulminate 
of mercury is an 

extremely sensitive 

6. PTTLPINO MACHINE (Fiied. Krupp) substance, a seratch 

with a pin being 

important of these. It is sufficient at times to explode it. These detonators 


formed from phenol by first forming a compound in use are ignited by means of safety fuses, or 

of the latter with sulphurie acid and then preeipita- by means of electricity. Safety fuses are simply 

ting the phenol-sulphuric acid by means of nitric a train of gunjwwder contained in a tube of 

acid. The picric acid thus formed must be washed fabric covered with a more or less water-resistant 

free from sulphuric acid. Picric acid is a bright material such as pitch.' Electric fuses are made 


yellow crystalline solid which has a very bitter taste, 
and is slightly soluble in cold water, and more readily 
in hot water. It was long used as a dye before its 
exjdosive ])ro[)erties were discovered. Its principal 
application in the explodvos industry is in the 
manufacture of the French explosive, melinite, and 
the British lyddite. In its original form, melinite 
(consisted of 30 per cent, of guncotton and 70 per 
cent, of picric acid, but it is stated to be greatly 
altered. The composition of lyddite is not generally 
known, but it is stated to be picric acid melted, and 
run into moulds, together with an oxidising agent. 

Thenitro-derivatives of benzene and its homologues 


on two systems, which have been named High 
and Low Tension. The former consists of a readily 
jgnitable mixture covering the ends of the wires, 
which are fixed in the detonator tube in close 
proximity to the fulminate. The latter consists 
of a bridge of fine platinum wire connecting the 
ends of the two wires and surrounded by a fine dry 
guncotton. When a current of electricity is j)assod 
over the wire it sets fire to the combustible substance, 
which in turn ignites the fulminate, and this, being 
plaetnl within or in close contact to the charge of 
explosive, detonates the latter. 

There are six factories in Great Britain engaged 


are also used in the preparation of explosives. 
They are not so highly explosive ns nitro-glycerin 
or nitro-cotton, but in combination with oxidising 
agents they are frequently used. Thus robiirite 
is a mixture of di-nitro-benzol with ammonium 
nitrate. Another such explosive is composed of 
nitro- toluol and potassium chlorate. 


in the manufacture of djmamite and blasting 
powders generally ; twenty-two factories for mak- 
ing nitro-compoimd explosives (dynamite, gun- 
cotton, smokeless powders) ; fourteen factories 
for making fuses and fog-signals ; and in the aggre- 
gate the number of factories authorised for the manu- 
facture of all kinds of explosives was 150 in 1002, 
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Sand, Horn, Ivory, Bone, Mother-of- Pearl, Celluloid, Glue and Soap 


By HERBERT ROBSON 


Dyeing Marble and Stone. Marble and 
stone in general have no combining powers for 
(colouring matters of any kind, whether mineral or 
organic. The mineral pigment-s arc always inorganic 
compounds of great stability, a circumstance to 
which they owe their pre-eminence in the matter of 
fastness, but which renders them inapt to take part 
in further chemical action after their formation. 

Mineral pigments, however, can be formed in 
the outer layers of the article to be dyed, but they 
are not much used for marble dyeing. This is to 
be rcgretled as, although they give a little more 
trouble than the coal-tar dyes, they produce 
excellent results and at the same time greatly in- 
crease the durability of the stone and its resistance 
to weather. The particrlcs of colouring matter 
dejxisitcd in the manner to be presently described 
in the very substance of the stone materially 
assist the natural cement present in giving strength 
to the nuiss, and in resisting the penetration of 
water and other destructive agents. 

The only way to colour a stone is to form the 
pigment in the stone by soaking the mass first in 
one solution, and then in another, which by re- 
acting chemi(!ally with the first will produce the 
pigment desired. For instance, the successive 
use of potassium ferrocyanide and ferric-chloride 
produce a blue. The use of solutions is, however, 
attended with considerable practical difficulties. 
In close-grained stones, such as marble or hanl 
limestone, p(?netration is difficult, and w'hen the 
second solution is employed the first portions of 
pigment produced arc near the surface of the stone 
and hinder the penetration of the second Ikpiid. 
The secret is to employ liquids which produce 
pigments of great body so that even a thin de|)osit 
just below the surface will give a sufficient colour. 

Mineral Dyes for Stone. In this way 
satisfactory yellows can be got with chromate of 
lead, greens with arson ite of co]if)er, blues with ferro- 
cyanide of iron, and reds with iodide of mercury. 
The solutions must l>c usi’id diluted and as hot as 
possible so as to secure penetration. The work is 
difficult and requires a good deal of practice, as the 
strength of the solutions, the necessary temperature, 
and the time to be expended vary within wide limits 
even with two specimens of the same kind of stone. 

Solutions of veidigris in alcohol give a gfKxl 
green to stone, but a better vehicle for the verdigris 
is melted wax. VV’hen this is employed the 
v(Tdigris must >>e as finely ground as it is jiossible 
to get it. When this ])recaution has been taken 
very good penetration is secured, and the wax 
lias the advantage of assisting in the sub.sequent 
]Kjlishing of the stone. 

An excellent yellow can bo dyed on stone with 
an ammoniacal solution auramine. The pene- 
tration is fairly good and the colour is very fine. 
Weber's nu*thod of dyeing stone, and esfHHually 
nuirble with iron, deserves mention. The marble 
is painted over with tincture of steel as sold by 
the druggists (an ahroholic solution of ferric chloride). 
It is then dried and put in a damp place. The 
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iron salt decomposes and ferric oxide and basic 
salts are formed in the body of the stone and 
colour it yellow. Permanganate of potash is an 
excellent brown dye for stone and gives extremely 
good penetration. 

An excellent mineral black can be obtained by 
soaking the atone in an alcoholic solution of corro- 
sive sublimate. The solution is applied hot with 
a brush till no more is absorbed. The stone is 
then wiped and enclosed in a chamber in which 
it is exposed to the action of sulphuretted hydrogen. 
The gas iM'netrates in a way which no liquid can 
do and forms black sulphide of mercury in the 
pores of the stone. It only remains to mention 
that acid liquids must not be api)lied to marble 
or limestone as they react chemically wdth the stone. 

Natural and Coal-tar Dyes on Stone. 

As regards natural dyes, logwood and red wood 
are used, and to a less extent cochineal, dragon’s 
blood, and gamboge. Thesc‘ arc used by repeatedly 
)ainting the stone with a hot solution in methy- 
ated 8])irit of the dry extract obtained from the 
dye-substance. I'he painting is re|wated, drying 
the surface after each a])plication until the desired 
depth of tint has been obtained. Aqueous solutions 
of the extracts can be used for (uicap work but 
they give hardly any j)om*tration. 8ubse(pient 
heating of the dry stone imTcases the fastness of 
the colour, but may make the shade somewhat 
paler, in which case some more tincture must bo 
applied with the brush. (lambier and annatto 
answer well for brown, used in alcoholic solution. 

The coal-tar dyes are largely used for marble 
and stone dyeing. Any coal-tar colour can he 
employed which will dissolve either in spirit or in 
fat. The jKjnctration is aided by heat. It is 
clear that colours produced in stone by these 
means dof^end largely for their durability on the 
protection of the stone itself. It is, however, 
I»osHible in some cases to mordant a stone by the 
use of hot acpieous solutions of dyo and mordant 
used in succession so as to form a lake in its pores, 
but the diffi(‘ultie8 attending the process are very 
great and it is never resorted to in practice except 
on a very small scale. Among the coal-tar dyes 
most used by the stone dyer are Methyl Violet, 
Nigrosine, Auramine, picric acid, Alkali Blue, Bis- 
marck Brown, Rhodamine, Eosine and Fast (Irecn. 

Difficulties of Dyeing Stone. One 

general difficulty mot with by the stone dyer, 
whatever may be the nature of the stone he is 
treating or of the dyo he is using, remains to 
mentioned. It is impossible to get any but a 
very small piece of any stone, whether natural or 
artificial, which is of absolutely uniform texture 
throughout. This want of uniformity is very apt 
to cause a similar unlevelnoss in the dyeing. In 
fact, dyeing forms a very good test of the differences 
of texture in a stone. Nothing can 1)0 done to 
counteract these differences but to get the most 
thorough penetration of the parts of the stone 
just bdow the surface that can be obtained, by 
the prolonged action of hot liquids. In this way 
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the different absorptive powers of various parts 
of the stone are to a great extent discounted. 
Where, however, there is a regularity in the 
differences of texture in various ])art8 of a stouts 
a skilful dyer can take advantage of the fact to 
produce ornamental effects. For example, agates 
are soaked in solutions of aniline dyes, whereby 
beautiful bands of colour are produced and show 
up the striped structure of the agate to perfection 
when it is polished and cut. 

Dyeing Sand. Apart from a rather old> 
fashioned ornamental u.se, coloured sand is employed 
by hydraulic engineers. It is not an easy thing to 
dye, as the colour must resist water and rubbing, 
(jood effects, however, (^in be got with the uzo 
colouring matters. For instuiu^e, 1(K) lb. of sand 
can be dyed by dissolving 1 lb. of beta-naphthol 
and 1^ lb. of caustic soda in .‘1 gallons of water. 
The sand is stirred up slowly in this and then, 
according to the tint desired, tin* rcipiisite (piantity 
of azo colour is added. 

Dyeing Horn. Horns are outgrowths of the 
skin of the head of cattle, goats, sheep, the rhino- 
ceros, etc., and are formed round bony jiro(^esse8 of 
the skull called horn cores. They are of the same 
substance as hair and finger-nails and the feathers' 
and beaks of birds. The antlers of a deer are bony 
and are not composed of horn. The horn of com- 
merce is ch icily obtained from oxen, cows, sheep, 
and goats. The horn substances, like wool, is com- 
posed of carbon, oxygen, nitrogen, hydrogen aind 
sulijhur. Th(^ presence of 8id])hur is important to 
the dyer. Horn often reejuires bleaching luTore 
dyeing, on account of its strong natural colour in 
many cases. "I’here is much elifticulty in bleaching 
horn without injuring the fibre and loosening the 
(‘ohesion of the tissue. Peroxide of hydrogen sesuns 
to be the safest agent and gives good results in 
careful hands. Andes recommends whitening 
horn with chloride of lead. 'J'his ])rtKa*.ss has, how- 
ever, the drawback that tlu^ lead salt Idackens in 
time in the air of town.s owing to the formation of 
lead sidphide. 

Horn is dyed i)rincipally with coal-tar dyes, but 
dyfHvoods are also used to some extent. Black, 
though it can be dyed with anilines, is more 
coiuinonly got by the use of a warm solution of 
lead salt, which forms lead sulphide with the sulphur 
of the horn. An e<pially good result is obtained 
with mercury sul]>hid(^ instead of lead suli>hide. 
Nigrosine or aniline and bichromate gives, however, 
better results. Logwood on an iron mordant is 
also sometimes used for Vihu^k dyeing, the black 
being tinted with fustic; in the usual way. Aniline 
dyes are best used in alcoholic .solution. Methyl 
Violet, Bismarck Brown, Aniline Yellow, indigo- 
carmine, and Malachite Green are all favourite 
dyes. Gr eens are dyed on horn by com billing a 
blue with a yellow. Heat should always be avoided 
in horn dyeing as it tends to war]) the material, 
and this is one of the reasons for using spirit solu- 
tions of anilines. They require no mordanting, 
while the water-soluble anilines require a mordant- 
ing with caustic potash or soda and the yrenetration 
of the mordant is not very satisfactory if it is 
u.sed cold. 

Dyeing Ivory. Ivory has no chemical affinity 
for colouring matters. The permanence of any arti- 
ficially produced colour upon ivory depends, there- 
fore, on the protection of the bony matter into 
which the colour has penetrated to some extent. 
The processes employed in dyeing ivory are very 
similar to those used for bone, but there are two 
]) 0 int 8 of difference between bone and ivory which 


have to be kept in view. In the first place, ivory 
has far less organic matter in its constitution than 
bone, and, in the second place, it is much denser 
and closer ill texture than boiu;. 

The first of these differences is in the favour of 
the ivory dyer. He has no fatty constituents to 
contend with, and these are porha])s the worst 
difficulties in the way of getting level shades, and 
are very troublesome to remove. The second, how- 
ever, cuts the other way.' Successful dyeing of ivory 
depemds little on the colouring matUer used. Once a 
dye or a lake has been formed in the superficial 
layers of the mass the ivory is coloured, and the 
colour is protected by the hard tissue of the bone. 
Penetration is, therefore, the main thing to lx‘ 
considered, and it will be evident that ])rolonged 
healing is u.sually required in dyeing such a closely- 
knit substance as ivory. 

Nearly all the ivory of commerce is made from 
elephant tusks, the caniru; te<‘th of that great 
quadruped, and weighing sometimes as miieh as 
2 cwt. eaeh. Khartoum, on tlu; U})])er Nile, has an 
important ivory market, hut signs an; not wanting 
that the African ehqihant will soon he; a rarity. 

Seasoning Ivory for Dyeing. Ivory 
must he seasoned before dyeing. If this pre- 
(;aution is not taken, the colour will he very 
liable to change or to rub off. The cutting of ivory 
has also a great influence on the subsequent dyeing. 
Sawing has a marked tendency to colour the ivory 
yellows ])rohably by reason of the heat devcloiwd 
during the ])ro(;ess, and also possibly on account of 
rust particles u])on the saw. It is a good })lan wKcn 
saw'ing ivory with a circular saw' to have the lowest 
third or so of the saw immersed in water, w'hei*(‘hy 
heating of the saw' is prevented. Six months is a 
fair average time to store ivory for seasoning. 

As will he gathered from yjreeeding remarks, 
ivory is perfectly catholic in its reception of colouring 
matters, w'hetlu*r dyes, ])igments. or lakes. Never- 
theless, the whole art of ivorj' dyeing consists in a 
])ro])er handling of the various synthcdic coal-tar 
dyes. A few' mineral pigments are used for orna- 
mental work, but th(‘ methods of applying tlu‘m are 
troublesome, and they are emjjloyed only when 
brilliant colours have to show some amount of 
resistiinee to exi>osure to the elements. Provided 
that time is allowed for proper ])enetration of the 
liquids used, ivory can be dyed by any of the 
]not;es.ses in vogue in textile dyeing. It can be dyed 
in one bath with a substantive dye, or in two baths 
with an adjective dye and a mordant, or by reagents, 
whu’h will cause the precipitati/m of an insoluble 
))ignK*nt in the cells of the tissue. The absorj>lion of 
dyes of any kind is frei|ucntly assisted by a previous 
treatment of the ivory with dilute nitric or hydro- 
chloric acid. The acid dissolves out some of the 
mineral matter of the ivory, especially from the very 
hard 8U]H?rficial layers, and thereby is a great 
assistance to ])enetration. The action of the acid 
requires skilled supervision, however. The hardness 
of the original ivory can he restored after the ivory 
has been scoured, rinsed, and drit;d by heating it in 
dry common salt, hut the loss of strength is 
irremediable, and must not be carried too far. 

Bleaching Ivory. As regards bleaching, 
which is often a necessary preliminary to dyeing 
light shades on ivory, one of tlie best bleaching 
baths is one of bran, unslaked lime, and water. 
Bleaching powder answers well, but must be used 
for a long time in a weak bath, and on removal 
therefrom the ivory must be rinsed carefully 
at once, and then dried in hot sawdust. If the 
rinsing is not thorough, the ivory is very a])t to 
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crack on drying. Peroxide of hydrogen and aodium 
l^eroxide are also excellent for bleaching ivory, as is 
solution of sulphurous acid. Gaseous sulphurous acid 
— that is, the fumes of burning sidphiir — must on no 
account be used, as the sulphuric acid formed rots 
the ivory. Old yellow ivory can be restored to its 
original colour by exposure to the direct rays of 
the sun. This fact is well known to pianoforte players, 
w^ho preserve the whiteness of the keys by leaving 
the lid open in the sunlight. 

Dyes for Ivory. Black is dyed on ivory 
with logwood and bichromate in two batlis, 
and also with Nigrosiiic. Rod is dyed with 
cochineal or Brazil wood. Another method is to 
boil scarlet* wool in water, adding carbonate of 
j)ota8h at intervals until the dye is extracted. 
A little alum is then added, the solution is filtered, 
and the ivory is soaked to shade in the filtrate, 
'riie dye-liquor must on no account- be hot, 
but it" is advisable to have it warm to save 
time. Picric? acid or other soluble dye gives an 
excellent yellow, as docs fustic on a tin mordant. 
Blues are dyed almost exclusively with aniline.s, 
which have practically ousted indigo-carmine from 
the ivory painter’s palette. Methyl Violet of various 
shades is u.scd for violet. Alkanet was used liefore 
the discovery of the coal-tar colours, but its colours 
are very loose to light. (Jreens are dyed with anilines, 
or by combining a yellow' with a blue. The old 
method was to dye a blue with indigo-carmine, fix 
with tin salt, and then turn to green in a fustic 
bath. Browns are dyed w'ith anilines — such as 
Bismarck Brow'n — and with cutch, but most of the 
iv'ory in this country is dyed with permanganate 
of potash, like w’ood. Most of the aniline browns 
can l>e shaded with red or other colours. Greys 
are got w’ith baths which are the same as for 
l)lack, but weaker. 

There is yet one method of treating ivory which, 
although it is scarcely a dyeing ])roe€?ss, is well worth 
mentioning. The ivory is soaked in a w'eak solution 
of nitrate of silver in the dark until it has acquired 
a dark-yellow colour. It is then taken out, rinscal, 
and ex|K).sed below the surface of water to the direct 
rays of the sun. In a few hours the ivory will have 
a.ssumed a deep velvety black colour, and it is then 
removed and rubbed dry wuth a clean cloth, 
(’hamois leather will give a bright silvery lustre to 
the objects treated by the above process. When 
adjective colours are made use of, and the dye and 
mordant baths cannot be combined, the dyebath 
must always come first, and the ivory should l>e 
rinsed before going into the mordanting bath. The 
great rules are never to hurry the j)rocess, and to 
aid the absorption by a motlerate amount of heat. 
In the case of very hard and close ivory a prelimi- 
nary boiling in water, the ivory going hot from the 
water into the dye or mordant bath, is of great 
a.ssistance. Solutions of coal-tar dyes in alcohol 
generally i>cnetrate l>etter than aqueoiis solution.M, 
but the latter are, of course, cheaper than the former. 

Dyeing Vegetable Ivory. Vegetable ivory 
is the kernel or albumen of the seeds of a South 
American plant known as Phytdephas macrocarpa. 
The seeds are about the size of a hen’s egg, and 
grow from four to nine together in clusters, which 
sometimes weigh 25 lb. or even 30 lb. It is always 
dye<l with coal-tar colours, but the dyeing requires 
special ex|jerienc6, as the texture of the substance 
varie.s greatly with the age of the plant, the time of 
harvesting, and with the variations in the climate 
which occurred during the ripening of the fniit. 

A few general rules, however, can be laid down. 
The ivory must be perfectly clean to begin with. 
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It must be entered into plain water, and the dye 
gradually added when the bath has been brought 
to the boil. Great care must be taken to keep the 
bath constantly boiling during the dyeing, and 
to add the dye only as it is taken up by the ivory — 
that is, to keep the bath itself clear and light in 
colour. As soon as the proper shade is reached, the 
ivory is at once removed and dried without rinsing. 
It is then carefully polished with a clean and very 
soft woollen rag. 

With the softer kinds of vegetable ivory a boiling 
with soap, followed by a good rinse, helps the 
absorption of the dye. Among the coal-tar colours 
used, Nigrosine, picric acid. Malachite Green, Methyl 
Violet, and Fuchsine are the most generally em- 
ployed. Dyewoods are still used, however, to some 
extent, especially cutch and logw'ood. A good black, 
is got by boiling in a strong solution of logw'ood 
extract for half an hour or more, according to the 
closeneas of the texture, and then mordanting in 
a cold bi<diromate bath. With cutch for brown, 
the mordant used de|)ends on the shade. Ferrous 
sulphate, bichromate of potash, and sulj)hate of 
copper are all used. 

Dyeing Bone. The dyeing of bone is a 
comparatively easy matter, as the coal-tar dyes 
f>enetrate it very readily, esjiecially in hot solutions. 
In the great majority of cases no mordant is 
required, as the substantive dyes answer every 
requirement. In the case of the basic dyes, the best 
mordant is tin-salt. It is a good j)lan to facilitate 
the j>enetration of the substantive dyes, and also of 
any mordant that may be used as a preliminary to 
w'orking with any adjective dye, by dissolving out 
part of the lime salts of the bone by means of dilute 
nitric or hydrochloric acid. This is, however, a 
very delicate operation, as, if it is carried too fur, 
the ap|>earance will l>e s)K>iled and it will lx?come 
apt to crack or even to crumble. It is never- 
theless an indis|K*nsable preliminary to treatment 
with aqueous solutions, although in most cases 
alcoholic liquids ])enctrate well without its aid. 

Tannin must not be emyiloyed as a mordant. 
It acts upon the gelatin in the bone, and not only 
Prevents proj>er penetration of the dye, but is abso- 
utely destructive to all uniformity of shade. 

Byewoods, es|K*cially logwood for black, are used 
in bone dyeing, but, as in other departments of dye- 
ing, they are rapidly giving place to the artificial 
colouring matters. Nigrosine dyes bone bla(?k 
without any mordant, and without heat, for example, 
and has therefore an advantage over logwood in 
every possifile way. The best yellow dye for bones 
is picric acid, which can be toned by the simultaneous 
use of other yellows. The faster colour got by 
mordanting in a hot solution of bichromate and 
then dyeing in a hot solution of a lead salt is now 
rarely seen. Reds and blues are dyed with many 
substantive coal-tar dyes. Blue can also be dyed 
with indigo-carmine, but the bones must be first 
treated with dilute acid. 

In all cases, the coal-tar dyes should l>e used in 
solution in spirit. It is an excellent plan to dye in a 
still, by which means a large proportion of the 
methylated spirit used is recovered, while the heat 
greatly favours the penetration of the dye. The 
use of water should be avoided in dyeing bones 
with artificial dyes on account of its softening 
and dissolving action upon the gelatin of the bone. 
In some cases, however, the gelatin has been 
to a large extent removed by bleaching the bones in 
boiling \y^ or in a solution of chloride of lime or 
sulphurous acid. In this case* the use of water in 
dyeing is not so objectionable. 
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The best results are always got by dyeing perfectly 
fresh bones. These, when thoroughly cleaned from 
adhering particles, want no bleaching as a rule even 
for dyeing light shades. When bleaching is indis- 
pensable, the best agent is |>oroxide of hydrogen, 
used after the exterior of the bone has been freed 
from grease by rubbing with petroleum ether. 
If sulphurous acid is used it should be employed in 
concentrated aqueous solution so as to act quickly. 
The gaseous acid is not suitable for bleaching bones 
as it has a tendency to warp the fibre. 

Dyeing Mother-of-pearl. Mother-of-pearl 
is difficult to dye on account of its hardness and 
close texture. It is usual to dye the finished 
object, such as a button, as it is impossble to dye 
through thick material without injuring the lustre; 
articles made out of mother-of-pearl dyed before 
fashioning remain colourless at the edge. The 
rough and damaged places of the button or other 
article are first dyed; the dye goes most strongly 
into defective places, such as edges and (Tacks, so 
they become coloured Ijeforc the lustrous surface is 
dyed. Mother-of-pearl is sensitive to the action of 
chemicals, and hence it is necessary to use very 
weak acid solutions, only lukewarm, and to let 
them act for the shortest nossible time only. 

Mother-of-y>earl is yieMed by a large number 
of mollusca, and various kinds of it are recognised 
in commerce, such as white, black, goldfish, burgos, 
(‘t(;. The various kinds differ in hardness, strength, 
lustre and colour, and in their receptivity of dyes 
and in the dyed effects they produce. 

The following are the most important sorts : 

Egyptian mother-of-pearl, from the Red Sea and 
the Rersian Culf. This has little lustre and is bent 
into small trough-like shafKJs. 

Macasonr mother-of-pearl, from Australia. This 
consists of white fiat shells with a high lustre. A 
single shell may weigh over 4 lb. 

Manila mother-of-iiearl, which is yellowish, and 
very lustrous and irmescent. 

Lingali shells, trough-shaped, and having a bluish 
green shimmer. 

Eahiti mother -of-jiearl, the best bl ,ck sort ; the 
inferior sorts are called (lambia. 

Auckland mother-of-pearl, fiat, thin and gi'eyish. 

Banda Onithisif pearl, consisting of second rate 
bluish shells with yellowish green edges. 

Mullcs, consisting of whitey-blue shells with red 
edges. 

Sea cars, ea]iecially Japanese, Ijaving a sj fiend id 
luatre, arc chiefiy used for panels. 

Burgos, which gives good effects on dyeing. 

Mississippi. This variety consists of thick shells, 
white and very hard, and difficult to work. 

Preparing Mother-of-pearl for Dyeing. 

The first thing to be done is to free the mother-of- 
])earl from grease, and, if light colours are to be dyed, 
it must then bo bleached. The grease is removed by 
treatment w'ith benzene, ether, or tetra-chloride or 
(*arl)on, followed by ammonia, or a three to five 
per cent, solution of carbonate of potash or soda. 
Caustic soda corrodes some kinds of mother-of-pearl. 
The cleansed material is rinsed in water, and should 
h(‘ fingered as little as possible. 

The dyeing is done cold, if ]>ossihle, and it is 
lx?tter to dye for a long time in a warm bath than 
to hasten the process by greater heat. Many dyes — 
for instance, Chrysoidine — ^ on nearly instan- 
taneously. Others, such as Tartrazine and Qiiino- 
lino dye only slightly after long standing. The 
greater the liwtre of the mother-of-pearl the harder 
it is to dye it. As the dye ought not to injure the 
lustre, time should only be allowed for the dye to 
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get into fine cracks, and between the layers, watching 
the process with a good magnifying glass. 

The organic matter generally takes the dye before 
the mineral portion of the shml, and ki many cases 
forms lakes, which hide the iridescence too much. 

Dyeing in Aqueous Solution. The old 
process with silver salts often combined with aniline 
dyeing with the idea that the colour is then faster. 
To imitate black mother-of-pcarl, the most prized 
variety, immerse it in a solution of 4 oz. of nitrate 
of silver in 1(K) oz. of ammonia: tilt the vessel 
about from time to time, and after a few days’ 
immersion in the dark expose it to diffused sunlight. 
The colour can he strengthened with pyrogaTlol. 
In dyeing “ natural black the object is exposed 
to suljfiiuretted hydrogen as well as daylight. 
Whatever may be done the black is really nothing 
more than a slate grey. It can be browned with 
dilute tincture of i<>dine. 

A solution of indigo-carmine in twenty times its 
weight of boiling water is used for blues ; and picric 
acid and indigo-carmine for greens ; curcuma for 
yellow.s. A fine cheap brown is got with per- 
manganate of ]>otash. 

Of the artificial dyes, the basic ones go on faster 
for the most part, and they combine also with the 
mineral matter. The acid dyes combine with the 
organic matter only, as can be seen on microscopic 
examination. No mordant is needed with the basic 
dyes, but a little acetic acid should be added to the 
water used to dissolve the dye. Before dyeing, the 
mother-of-pearl must be cleansed and well soaked 
with water. Dissolve from 1 to 3 per cent, of dye 
in water, warm if necessary, to from 50'’ to 00® C., 
and leave the pearl in the bath till it has the right 
shade. I'he following basic shades answer very 
w<'ll in a warm neutral bath : Chrysoidine, BisinarcK 
Brown. Leather Brown, Leather Yellow, Phosphine, 
Auramine, Magenta, Victoria Blue, Methylene Blue, 
Methylene Grey G or NO, Navy Blue, Methyl 
Violet 2R, OB, or R, Crystal Violet, Brilliant Green, 
Malachite Green, Safranine, and Rhodamine B, oB, 
or C. Chrysoidine and Vesuvine dye very quickly. 
Victoria Blue, Rhodamine, Indoin Blue BB, Rubinc, 
Brilliant Green, and Guinea Green dye quickly with 
2 })er cent, of alum. 

Dyeing Mother-of-pearl with Acid 
Dyes. In dyeing with acid d5TS, make the dye to 
a paste with acetic acid, adding to the hath a little 
oxalic acid. This addition should l)e always made 
with Fast Red A, Navy Blue, Ponceau R and 3R, 
Cotton Blue, and Azo Yellow. The following arc the 
best acid dyes for mother-of-pearl ; Acid Green, 
(hiinea Green, Acid Magenta, Acid Violets N, 6B, 
and OB, Water Blue, Lyons Blue, Naphthol Blue, 
Fast Blue, Ponceau 2R and 3R, Orange IT., Man- 
darine Fast Yellow, Fast Blue, and Incluline. All 
ersines and erythrosines do w(fil. Nigrosinc answers 
well, but Quinoline Yellow and Uranine do not. 

Fine browns and blacks are got by combining 
Magenta and Malachite Green, Bordeaux by com- 
bining Magenta with Bismarck Brown. To get a 
fine black with a greenish shade, dye with Malachite 
or Acid (ireeu, and cover with Nigrosinc. 

Fine beiges and Havanas are got by combining 
Chrysoidine or Bismarck Brown and Fast Blue or 
Nigrosinc. Equal parts of Rhodamine B and 
Orange IT. give a brilliant red. 

In djTing with adjective dyes, the result is 
usually dull. The l)e8t dy(?g arc Alizarine Red, PS 
or W, Alizai ine Blue W and Blaek W, Anthracene 
Brown W, and Alizarine Orange W. Dye at the 
boil with Turkey red oil an<i ammonia, or ammonia 
only. Dyeings with the zinc dust and alkali indigo 
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vat do not answer very well. Indigo-carmine gives 
better resulta Fine shades can be got by the 
prolonged . action of organic compounds which 
become coloured on exposure to air — for instance, 
paraphenolene diamine, amidophenol dioxjmaphtha- 
linc and pyrogallol — ^mordanting first with cuprate of 
ammonia or with pjTolignate of iron. We can also 
use the substantive dyes, such as Congo, Benzo- 
purpurinc, Diamine Blue, or Bordeanx Oxaraine 
Blue, and the Immedial dyes ; but the results have 
no good lustre, and the mother-of-pearl is often 
attacked by the alkaline bath. 

Dyeing Mother-of-pearl in Spirit Dyes. 
This method is the easiest, but the colours obtained 
are looser than the above. The first process is to 
soak the mother-of-pearl in a solution of carbonate 
of potash in ten to twelve times its weight of warm 
water. In this solution the mother-of-pearl is kept 
for an hour or so. This oi^ens the pores and permits 
the absorption of the dye, and also gets rid of any 
^ease that may be present. The mother-of-pearl 
is then rinsed and dried. No exact time for the 
action of the lye can be given, as it depends on the 
shade required. Up to a certain point, the longer 
the carbonate of potash is allowed to act the more 
dye the mother-of-pearl can absorb, and so the 
darker will be the shade. Reds are dyed with 
spirit solutions of any spirit-soluble red dye ; 
yellows with tincture of picric acid or Aniline 
Yellow. Curcuma, gamboge, or Persian berries can 
also be used as tinctures. Blues are dyed with a 
spirit coal-tar blue, or with sulphindigotic acid 
dilutexi with water according to shade. Indigo- 
carmine is also employed. Greens are got either 
with a spirit-soluble green, or bj^ combining a yellow 
and a blue ; brow'ns with a spirit solution of a coal- 
tar dye, or with tincture of iodine. Violets are 
dyed with spirit -soluble anilines, or with a solution 
in water of indigo-carmine turned to shade with 
liquid ammonia. 

Dyeing Celluloid. Celhdoitl was acchlcn- 
tally discovered in the search for high ex]»losivcs, 
and is a compound of guncotton and camphor. 
Its dangerous character has been enlarged 
upon, but it is entirely harmless if it is kept 
out of the way of sjuirks or flame, and it is very 
easily worked and dyed. It can be carved or 
turned like wood or ivorj’, and, moreover, unlike 
these materials, it can lx*, moulded. When it is 
steeped in boiling water it becomes malleable, and 
can then be moulded into any desired shape, which 
it will retain on cooling. This ease of manipulation 
has caused it to find a large number of uses, and 
although many of these an* to be condemned, it is 
very suitable for some ]>iir poses. 

It is largely used for the handles of- surgical and 
optical instruments, and in these articles it has 
to a great extent sujqdanted ebonite, on account of 
its far lower price. Washable collars, fronts, and 
cuffs are. made by covering both sides of a juece of 
linen or calico wdth a tliin coating of celluloid, 
securing a smooth surface and adhesion to the 
fabric at the same time by subjecting the material 
to heavy y)ressurc between rollers. 

As it is transhi(‘ent and easil^’^ dyed, celluloid is 
largely used for cigarette and cigar holders and for 
mouthpieces of pi]>eM. Quantities of “ tortoise- 
shell ” cornhs arc made of it, and it masquerades as 
“ ivory ” for card-cases, visiting cards, photographic 
mounts, llowcr vasc^, cane and umbrella handles, 
])iano keys, billiard balls, toy balloons, napkin rings, 
and many other small arti<des. It is dyed also for 
these uses and lor making artificial flowers. It 
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forms an excellent sheathing for ships* hulls, being 
far cheaper than copper, and far more durable. 
Curiously enough, however, although this fact has 
been known since 1881, prejudice and conservatism 
have successfully resisted hitherto the ifi trod uction 
of celluloid into the shipbuilding trade. This use 
of celluloid wull undoubt-cdly become one day the 
most important of all. No marine organisms will 
grow upon it, so that its use would obviate all 
necessity for using poisonous and expc'nsive anti- 
fouling compositions. 

The only objection to celluloid is its inflam- 
mability, and when articles formed of it are worn, 
such as combs and collars, this has caused very 
serious accidents. All the numerous atteiny>ts so 
far to make celluloid uninflammable without 
affecting its usefulness have failed. 8o far they 
have taken two directions. On the one hand, 
chemists liave tried to make a “ non-flam ” celluloid 
by adding a third substance, such as a silicate or 
l>orax. On the other hand, attempts have been 
made to substitute an uninflammable substance for 
the camphor. There is no doubt that a fortune 
awaits the inventor of an absolutely harmless 
celluloid. 

Celluloid is invariably dyoil with coal-tar colours. 
For single colours the coal-tar dye is added to the 
materials in the jirocc.^is of incorporation. For 
dyeing patterns on <*clluloid, the finished article is 
coated with a resist, usually paraffin oi* beeswax, 
and the y)arts to be dyed are then laid bare. The 
whole article is then immersed in a cold solution of 
the dye. In a few cases heat may be rccjuired to 
make the dye y»cnctrate, in W'hich case a com- 
paratively infusible resist, su<*h as asphalt, is used. 
In no case, however, may too much heat l)e iiwxl, 
or the celluloid itself will be softened and lose 
its shape. 

Dyeing Glue and Gelatin. Dyeing those 
substances, w'hich are virtunlly the same, glue 
being merely impure gelatin, is a sin»ple 
matter enough. The uses of both glue and 
gelatin deix*nd iijam their complete solubility in 
hot water, and hence it is evident that only such 
dyes as }>ossess equal solubility arc .suitable for 
dyeing them. At the same time any dye whieh 
has that property can bo used, provided also that 
if the gelatin is to be used as food the dye is 
a non-|K>iKonoiis one. 

Dyeing Soap. The dyeing of soap a])})ears to be 
merely an act of making a nu'cbanical mixture of the 
dyestuff and the soap. There is no chemical combina- 
tion Ix'twccn essential constituents of a soap and 
the colouring matter, such ns occurs when vegetable 
fibres are dyed, and with animal fibres to a still 
greater extent. Nor is it desirable that such should 
hap|x?n with soap. The dyes wh ich dye textile fahrie.s 
.substantively — that is, without the interv»*ntion of 
any third substance or mordant — rlo so by forming 
with the fibre a substance or subslanoos insoluble in 
the liquids which come into contact with the fabric 
under ordinary circumstanct'-s. It is evident that 
the formation of such bodies when soap was dyed 
would Ijc ipiite out of place. A soap is not intended 
to be insohible in water, and nil of it that goes to 
form a lake is wasted, besides forming an unpleasant 
sediment in the water. For the same reason, the use 
of mordants is, of course, to l)e avoided in soap- 
dyeing, as their function is to form insoluble lakes 
with the dyes. It is true that in this case there is 
no loss of soap, but the objectionable sediment will 
still be there and will he very apt to stain the skin 
or articles washed with the soap. 
condvdfd 
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still takes in primitive peoples or in minds of 
the primitive type. There has been wide dis- 
cussion, that still persists, as to which form of 
primitive religion was really the first. It is 
impossible to discuss this matter here, but 
the controversy rages between those who insist 
that ancestor-worship is the primitive religion 
and those who insist that Nature- worship is the 
primitive religion. 

The Worship of the Dead. Ancestor- 
worship is, at any rate, an indisputable form of 
religion. According to Herbert Spencer, who 
based his theory upon very wide study of the 
psychology of the savage, religion took its first 
form in ancestor-w’orship, which itself arose 
in dreams. As John Fiske tmys (“ The Idea of 
God,” page fifi) : “ No one has ever discovered a 
race of men devoid of a Ix^lief in ghosts. This 
belief may clearl}’^ be traced to the facts of 
dreams. The savage, unlike the educated man 
of to-day, makes no sharp distinction between 
the reality and validity of his waking experiences 
on the one hand, and the experiences of sleep — 
namely, dreams — on the other hand. The con- 
templation of the facts of sleep, which to the 
observer suggest the absence of the informing 
inhabitant of the body, and of thefact«of dreams, 
w'liich seem to prove that the inhabitant, while 
out of the body, may roam afar and then return — 
these gave rise to what is, perhaps, the first 
speculative l)elief of the human mind — the 
bi*lief in ghosts.” 

If now we consider the case of death, w’e shall 
see how the same theoiy is applicable to it ; nor 
is it difficult to understand how' the ghost of, for 
instance, a great chief may lie regarded as still 
powerful and demanding obedience and respect. 
As to the al)solute priority of this kind of b(‘lief 
as against a belief in the presence of informing 
spints in the sun, the trees and other phenomena 
of Natur(‘, we may merely <juote, without com- 
menting upim it, the argument of Herbert 
Spencer that surely a belief in the spirits of the 
dearl — who have liv(^ — must have preceded a 
belief in spirits of such an object as a rock ; 
this second lK*Iief would spring from the first. 

The Fear of the Dead. However that 
may be, we find this element of the w'oi-ship of 
the diNid in primitive religion, probably as the 
primitive religion ; and it is our duty Inifore we 
go any further to rid our.sclves of a ve,ry common 
misconf'cption as to its character. We commonly 
think of this form of religion as anct^stor- worship, 
and Ibis w'f>rd suggests to us the name of such 
a groat moral teacher as Confucius and the prac- 
tice of ancestor- worsl lip as it may now be; st?en 
in r'hina and Japan. But w'c are profoundly in 
fTi'of if we imagine that modem ancestor- 
worship, moralised and fieautificnl by the slow 
])rogr’(^s8 of the human mind, is one and the same 
thing as primitive ancestor- w^orship. Tliat there 
are iMwitiful elements in the modem practice 
we all admit. We read of simple and noble 
Japan(;se ( (‘remonies, which, though w'c may 
Iwlieve them t-o be based upon erroneous iK^liefs, 
yet undoubted] ly have fine elements in them. 
But the primitive worship of those who had 
bf^en p(>w(?rful in their liv(»s was a thing awful 


and horrible tn contemplate. It had no vestige 
of a moral element. It was rooted in fear, and 
fear alone kept it alive ; it was not originally 
the worship by a given man of his own especial 
ancestors ; it w as simply the fear of those who 
had been dangerous and tyrannous in their lives, 
and who in their now' invisible shape wore more 
terrible than ever. In order to placate the feared 
departed, the living w^ere buniened, were tor- 
tured in body and in mind, and unthinkable 
thousands of men, women, and children w'ore 
slain. There has been no more horrible thing upon 
the earth than the beginnings of religion. Primi- 
tive religion contains no moral elements, but, 
on the contrary, constantly defies and denies the 
law's of love and the sanctity of life. It contains 
no elements of value to the intellect of man or 
to his sense of beauty. That any tiling good and 
great should arise from such ghastly l)eginnings is 
one of the great marvels, as it is, perhaps, one of 
the great lessons and parables, of human history. 

Nature-worship. The other form of 
primitive religion is Nature-worship. Here w© do 
not ask whether it was later than ancestor- 
worship, or earlier, or of indep(mdent origin. 
Of its essential supt^riority to the primitive 
w^orship of the spirits of the dead — which, be it 
remem l)crc<l, w’^as only a wo: ship of the spirits of 
the dangerous dead — there can l>© no question. 
How'cver gross its superstition, it had in it ele- 
ments which made for higher things, just as 
firimitivc ancf^tor-w'orship, as w’o have seen, was 
capable of developing into such things as rever- 
ence for aged parents. Primitive nature- w'orship 
l>egan as a Vielief in the in(’arnation. so to speak, 
of active and more or less potent intelligences in 
the great material plienomena of the world around 
us. Its particular form depends, of course, upon 
the particular aspects of nature in various plat^es. 
Tlie mountain or the foix^st or the sea or the clilT 
may acquire spc^cial importance according to 
local circumstances. Certain great phenomena of 
nature, however, are common to all men, and 
chief among these are the heavenly bodies. The 
cnident potency and majesty of the sun made him 
a more or less uuivei s.al object of Nature- worship 
in innumerable fonns. take, of course, 

various more or k?ss poetic shapes — poetic ima- 
gination iKung a very ancient attribute of man ; 
and, according to the measure of the individual 
intelligenc(% the sun may Iw conceived as himself 
a living g(xi or as a fiery chariot which daily 
carries the sun-god *icros8 the sky, or, more 
philosophically, as the symbol or sign of a god 
that is somew'here behind him. 

The Forms of Science. Or the former 
iK'lief may liecome still more subtle, as where, 
for instance, fire is conceived as the origin and 
regenr^rator of all things, and the sun is wor- 
shipptid as the greatest visible manifestation of 
this er(^ativ<) power. From the remotest ages the 
sun has been an objeirt of the worship of mankind, 
and it nei>d hardly 1 m^ said that the study of that 
single branch of comparat ivo religion, which may 
Im? called it(jlar myths, is a matter fer endless 
volumes. 

In primitive religions we find varying pro- 
portions of both of these primitive elements— 
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ancestor- worship and Nature-worship. Tliat both 
arose in fear, there can be no question ; that it is 
difficult to observe in the beginnings of either 
much or anything that commands our respect 
can also not be questioned. Yet, as wo have 
seen that the worship of the dead is capable of 
vast elevation, so also we must rwognise, even 
in the rudest forms of Nature-worship, the germs 
of philosophy and science. 

This last point must be insisted upon. It is 
|)erfectly evident that the fear of the great 
phenomena of Nature necessarily involves an 
interest in them, and that this interest necessarily 
involves their study ; Vmt this study, whilst, 
among other things, it will assuredly diminish 
the original fear, so also gradually reveals many 
aspects of Nature hitherto unsuspected. The fear 
of eclipses, for instance, leads to an interest in 
eclipses, and this to their study, until it is found 
that certain eclijises recur at regular intervals. 
The fear has now vanished, and may well he 
rcplac!(^d by a fine and all but religious wonder ; 
while there is slowly bom the idea of natural law. 
In a thousand cases this process has occurred, 
until at last there is fully realised the idea, gradu- 
c,lly becoming familiar to our own t^ge, of the 
supreme unity and orderliness of Nature — and, 
therefore, of That of which Nature is only the 
manifestation. Thus it is not impossible to trace 
from rude beginninge, even from the agonies of 
fear in the savage heart at nothing worse or 
more signifittant than a shadow, the gradual 
development of one of the sublimest ideas which 
have yet found their way into the human mind. 

The Birth of Knowledge. Observe 
how this fear, and interest born of fear, and 
stud}' born of interest, and knowledge born of 
study, affects the idea of God. When Nature 
was conceived as an awful collection of 
more or less indejHjndent powers, who might 
war among themselves, but all of whom domi- 
nated over man, then evidentl)' was the age of 
polytheism. Only with the grow th of kuowiedge 
was it possible for this to be replaced by the 
immeasurably higher idea of monotheism. This 
stej) in the develojunent of religion has unques- 
tionably liecn due to the growth of knowledge. 
C’ontrary to the ordinary belief, sc*ience — w'hich 
is the pursuit of truth — so far from being the 
enemy of true religion, is necessarily its best friend. 
Doubtless it has destroyed innumerable falser 
religions, and that great w'ork is not yet done ; 
doubtless the official exponents of those religions 
have had to suffer, and have sometimes honestly 
and sometimes dislionestly condemned the 
growth of knowledge as impious, and declared 
that there w'cre things w'hich we w<M-e not meant 
to know' — as, for instance, wdien it was an 
immoral and legally condemned act to make any 
anatomical inquiry into the striietiive of the 
human body. But, on the other hand, it may 
a.ssuredly be demonstrated that the grow th of 
any order of truth, while it involves the destruc- 
tion of falsehood, can never injure any other 
order of truth, but must, on the contrary, purify 
and help it. 

Hitherto, we have considered briefly the main 
aspects of the genesis and development of 


religion in general in terms of its beliefs. There 
are, however, two other great facts of religion 
as histery reveals it; one is the relation of 
religion to morality, and the other is the fact 
of religious institutions, which, in the widest 
sense of the word, may l>e called Established 
Churches. And first, as to the relation of religion 
to morality. It is one of the commonest and 
mast erroneous of all popular beliefs that there 
is an essential relation between all religion and 
all morality. This belief docs not w'ithstand a 
moment’s reflection or the observation of a 
single day. On the contrary, it is definitely 
known that whilst the greater part of past 
religion has been closely associated with the 
most horribly immoral practices, religion at its 
birth had no relation whatever, essential or 
accidental, to morality. 

MoralHy is Older than Religion. 
Furthermore, it is an indisputable truth that 
morality, just as it prei^edes any kind of religious 
idea in a tiny growing child, so is also immeasur- 
ably older than any religion, even if we grant, as 
we must, that religion is probably as old, or very 
nearly as old, as man himself. The tigress that 
will give her life for her cubs ; the baboon whose 
case is mentioned by Danvin, and who, having 
gained a place of safety, returned, through his 
enemies, to rescue a little one that had been left 
behind — these are instances w^hich demon- 
strate, what no one in the twentieth century 
can dispute, that the beginnings of morality 
can be traced far down in the scale of animal 
life. The lowest of known vertebrates is the 
fish, and among certain fishes there is found 
not merely maternal care — one of the oldest, the 
noblest, and most purely moral things in the 
w'hole world — but even a very much later thing, 
paternal care. Morality and religion have w^holly 
independent origins, love being older and stronger 
than any church or any system of religious beliefs 
or practices that has yet expired, or has yet to 
expire, upon the earth ; while wc observe also 
that the association of morality and religion in 
more recent times furnishes promise of the most 
precious kind for both. Among all living stu- 
dents of religion, not in its historical and com- 
parative aspects, but in its aspects as a great fact 
in human life to-day, there stands out a sincere 
and noble and profound thinker, Professor 
Harald Hoffding. of Copenhagen. In his 
“ Philosophy of Religion” he insists that past 
students have paid too much attention to the 
transition in the histoiy" of religion between 
polytheism and monotheism, and that, as w^as 
originally asserted by Tide, “ the transition fiom 
Nature religions to ethical religions is the most 
important transition in the history of religion.” 

The Gap Between Morality and Re- 
ligion. This is not to assert that before such 
a great transition CK‘c*uiTed there was no moral 
element in religion. As Hoffding says : “ Since 
the worship of the family, of the clan, or of the 
nation is shared in by all, it helps to nourish a 
feeling of solidarity which may acquire ethical 
significance.” In such a case, the fact of having 
common fears, if no more, may increase a man’s 
sympathy with his neighbour, which is the 
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•J. Purln^'-knife Kohlor 4. Kno'kinj^-iiown iron 6. Trindlp 6. 7. KlUet 8. Fidiathhiy iron 9. l^xlkin 10. AsaU* huminher 

11. Bh>ndKt4tii»* ••urui>ht‘r 12. OriiHiiifirts 111. Slieeta for ftdd'iii; 14. Htaiidiiiir pre^o Hfwliiif-key 15. Press with ploujfh and pin IH. Corre<-t and 


ordinary blndinK 

less ex]x?nsive material. This is what is callcxl 
“ half binding.” For a further reduction the book 
should be sewn on ladies, and h^^ this means an 
inex|K>nsive and durable binding can be obtained. 

Following is a list of tools and appliances neces- 
sary : vStnnding press; sewing press j 14 1 ; sewing 
ke^Ti fl4 A] ; bloodstone burnisher fll]; agate 
burnisher {10]; square; band stick; tenon 
saw; trindles|5j; bodkin [91; pressing boards; 
cutting boards ; backing boards ; nickel pressing 
plates ; set of letters, dots, rings, punches, leaves, 
flowers, gouges, straight lines, and other orna- 
ments [12]; press with plough and pin [15 j; 
p.'iring stone ; paring knife |2j : hammer; folders 
13}; glue pot: compasses; band nijqiers |6J; 
knocking-down iron |4] ; gold cushion and 
knife; pressing tins; millboard shears; finish- 
ing press 117} ; finishing stove ; fillet |7| ; polish- 
ing iron 18!- 

Jf the hook is received in sheets, these sheets 
havf? to bo folded. We will^sujiyiose they are t-o be 
folded three time.s, making an 8vo volume. 
Tlic slicets are lettered a!phab<;tically in one of the 
corners [13] ; these are called sigvaiurcji. Usually, 
.T, V, and w are omitted. The sheets are placed in 
alphabetical order with the signatures in the 
right-hand bottom eorner. The first sheet is turned 
over, .so th.at the signature comes face downwards 
on the left-hand bottom corner, and is folded in 
half from right to left, care lau'ng taken that the 
printing corrc.s])ond.s. A folder [3j i.s used to crease 
the fold. Pages 2 and 3 will now face. The top 
right-hand corner is tlien folded, and pages 12 and 
13 w ill face. Folding in half, so that 8 and 9 face, 
coni I (let cs the folding of the first section. The 
rcniaindci arc* folded in a similar manner 
Washing Stained Sheets. Any stained 
sheets nro washed in the following manner; An 
onrve of yicrinangunatc of yiotash is dissolved in a 
(jnart of slightly warmed water. The stained 
sheets are jmt into this solution for about an hour, 
causing thf'in to turn a dark browm colour ; they 
arc then taken out and washed in clean witter. 
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One ounce of sulphurous acid is put into a pint 
of water, and the sheets washed in this until all 
the stains have disajipeared. Ihcy are again 
w'ashed in clean water, and hung up on lines to 
dry. When dry, they are sized by dipping them 
into a solution of one ounce of isinglass dissolved 
in a quart of w'ater, ajiplying heat and again 
hanging uyi to dry. If the sheets are too white 
when taken out of the acid, the size is slightly 
tinted with tea, coffee, or any other staining fluid. 

MaHing Endpapers. When all the se(‘tions 
have lieen made sound and the plates guarded on, 
endpajicrs are made. They arc attache<l in the follow- 
ing way. 1Vo folded sheets of white jiaper, similar in 
tone to that on which the l)ook is jirintcd, and a folded 
sheet of coloured pajier, arc recjiiired. 'Die coloured 
sheet is yiasted on to one of the white sheets as 
shown in 18 A. When dry, the white leaf marked 
“ wastes sheet ” is folded over one coloured loaf, 
and the other white leaf folded hack over the 
remaining coloured one, as in 18 B. The other 
folded sheet of white is then inserteil where marked, 
and the end paymr is sewn on to th? book through 
this. The waste sheet is for the purpose of protecting 
the end payiers during the binding, and is tom out 
when the endyiaywrs are finally pasted down. 

If a leather joint is used, the endyiapers would bo 

made up iu 

the following 

— __ manner. A 

^ white sheet is 

^ ‘ folded as in 

c coloured fly- 

leather 

joint, and 

“j.'"!-- — w’aste sheet, 

“ aro yiastcd on 

18. ENDrAPEBS to this as in 

18 D. A folded 

sheet of white is inserted, thus completing the end- 
pajicr, which is sewn on in the two places marked 
in 18 I). The endpapers are placed in their positions 
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at either end of the book and then tins covered 
with paper ore placed between every threxi or four 
sections and the book placed in the standing press 
for about twelve hours. 

The positions of the cords or tapes on which the 
book is to be sewn are then markea up on the back. 
The book is knocked up square at the head and 
held in the lying press between a pair of pressing 
boards and the back is divided into six divisions. 
Five of these are made equal and the tail one 
slightly longer. On the five iwints thick pencil lines 
are drawn acTOss the back. If tapes are used for 
sewing four are usually sufficient and two lines are 
mark^ for each tape. A slight saw cut is then 
made at the head and tail about half an inch away 
from the edge, and the book is ready for sewing. 

Sewing the Sections Together. The 
book is sewn on five cords ; the number sometimes 
varies with the size of the book, but five is the 
most usual ; the thickness of the cords also varies 
actrording to the size of the volume. Five loops are 
made of ordinary string over the crossbar of the 
press ; these are called lay c/yrcUi, and are used 
re]watedly. To these loops arc attached the cords 
on which the book is to be sewn, which arc then 
passed down through the slit in the bed of the frame 
and fastened by means of keys ( 14 ]. 

The book is laid down on the bed of the press 
with the back against the cords, wliioh are moved 
into position so that they correspond with the lines 
marked on the back of the book. The cords are then 
tightened by screwing u^) the (TOssbar. 

The cndpaiKsr is first sewn, the needle with thread 
or silk l)eing passed into the section at the head 
and round each cord in turn and brought out at the 
taJl f 1 C]. The first sheet is then sewn from tail to 
head in the same way, and the silk is tied to tho 
loose end hanging from the endpaper. Another 
Bciction is sewn on and the needle is inserted between 
the previous sections and catches uj) the silk that 
joins them ; tins is called a kettle, .stitch. The re- 
maining sections and ond])a|X‘r are sewn on in 
the saiiK* way, the silk being fastened off at the last 
kettle stitch with a double knot. The cords are 
loosened, by lowering the crossbar, and are cut off 
about 3 in. from the book ; the loose ends arc then 
frayed out with a bodkin. 

If the book is to be sown on tapes, the tapes arc 
set u]> on the sewing frame as witli cords. The 
sewing is done ns descril>ed above, w'ith the excej)- 
tion that, owing to the width of the tape, the threatl 
passes out and back into the section again at different 
[)oints instead of passing out and in at the same 
point as with cord sewing fl 1)]. 

Gluing Up, Rounding and Backinif. 
The book is placed in the press with a piece of mill- 
board on each side, and the back is glued. When 
the glue has set the book is laid down on its side 
and half of the back is rounded over with a hammer, 
it is then turned over and the other half rounded. 

Backing is sharply emphasising part of the swell- 
ing caused by the thread 
used in sewing, by com- 
pressing the book near the 
back and beating the back 
of the sections, one over the 
other, making a sharp ridge 
against which the cover will 
lie. Placed between a pair 
of backing boards with the 
back projecting slightly 
above the boards, the book 
is low'ered into the lying 
press. With a hammer the 


sections are then beaten one over the other, starting 
from the centre and going over equally on either 
side. The two outside sections are well beaten 
over the backing boards, for this makes a sharp 
gi’oove for the boards to fit [19]. 

Preparing and Attaching the Boards. 

The best material for the boards is millboard owing 
to its toughness and thin substance. Two pieces 
are. cut with the millboard shears about a quarter 
of an inch larger all round than the book. The 
edges that are to go to the back of the book are 
then cut smooth in the lying press with the plough. 
The boards are screwed up in the press with the 
amount that has to be cut off projecting above the 
bed of the press. The knife in the plough travels 
backwards and forwards level with the bed of the 
press, and whatever projects is cutoff. 

The boards are then each lined on one side with a 
piece of white paper pasted on. Two other pieces of 
pa))er, double the size, are pasted and the boards 
covered with these on both sides. The extra lining 
of paper on one side w ill cause the board to warp 
that way, and this side will be placed against the 
book to counteract the pull of the leather which will 
ultimately l)c pasted on the other side of the cover. 

The boards when dry are cut to the size required, 
with the press and )>lough, and are then attached to 
the book. One board is laid in ]X)sition on the book 
and a line is drawn on the board from tail to head 
about half an inch from the back. Lines are then 
drawn from the cords to this line. On these cross 
lines small V-Rhajx'd pieces are cut out of the boards 
to allow the cords to sink in level when laced, 
and holes are punched with a bodkin at the points 
where the lines meet. The boards are then turned 
over and holes are punched about half an inch 
from the previous ones. To attach the boards the 
sli))s are pasted and passed through the holes first 
made and then back through the other holes. They 
are then draw'n tight, tapj)ed with the hammer to 
fix them, and the ends cut off level with the boards. 

If the book is scw'ii on ta))es the selvedge of the 
tape i.s cut off and the ta'|)e can then bo frayed out 
and interlaced, like a cord. When both boards are 
attached the book is put in the lying press, witb 
the back projecting slightly ; it is then pasted to 
moisten the glue on the surface, which is scrajfHjd off 
w ith a folder. The cords arc nipj)ed up and straight- 
ened w ith the band-nip])ers, tins are ]>ut on both 
sides of the boards, well u]) to the groove, and the 
book is left in the standing press, tightly screwed up, 
for about twelve hours. The knocking-down iron is 
then screwed up in the press, and the Rli]>s liammered 
down until they are impressed level w'ith the board. 

To cut the top edge the book is screwed up in the 
lying press with the back to the worker, the front 
board being low'ered just the distance reqtuVcd for 
tlu* ” s(iuare,” and the edge is cut with the plougli 
[16]. The tail is next cut in the same manner. 

For cutting the fore-edge the edge has first to be 
made flat by inserting trindles [6] between the 
book and the boards across the back. A cutting 
board is jdaced on each side and held in place while 
the trindles are removed. The book is then lowered, 
with the boards hanging dowm, into the press and 
the edge cut with the plough. 

Gilding Bdges< The back is knocked fiat, 
and a cutting board placed on either side of the 
leaves, level with the fore-edge, and the book is 
placed in the press. The edge is scratjed and finely 
sandpapered, A paste, made of j)Owdored red 
chalk and water, is applied to the e<^c with a sponge 
and ])olished with a hard brush. The edge is then 
painted with a. preparation of the white of an egg, 
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beaten up and diluted with water, called glairc. 
The gold leaf is cut into strips the width of the edge 
and applied to the edge with a soft flat brush. The 
book is left to dry and the edge finally burnished 
with a flat bloodstone buwiisher. The other edges 
are gilt in a similar manner. The edges can also be 
stained. Water stains answer the purpose, and are 
applied to the edge with a soft brush, the edges being 
afterwards burnished with an agate burni6.her. 

Headbanding* Headbanding is the stitching 
on the head and tail of a strip of vellum, gut, or 
cord, to make a similar projection from the back as 
is made by the boards projecting beyond the edges 
of the book. As a book is usually pulled out of the 
bookshelf by the headband, it is important that this 
should be firmly attached to the book, and one that 
is made on the book is far preferable to one bought 
ready-made and stuck on. 

The boards are lowered level with the edge of the 
book held in the lying press or plough, and a needle, 
threaded with silk, is passed into the edge and out 
at the back below the kettle stitch. Half the silk 
is drawn through, and then the needle is again 
inserted and drawn out. The silk now has made a 
loop into which a strip of vellum, slightly narrower 
than the “ squares,” and a little longer than the 
width of the book, is placed. The silk is drawn 
tight and a pin inserted in the edge at the left-hand 
side, behind the vellum, to keep it in ])osition. The 
needle end of the silk is brought over the vellum and 
the other end crosses it and goes behind. This end 
is then brought over and is crossed by the needle 
end. The headbanding is continued in the same man- 
ner, being fastened down to the book about every 
quarter-inch. To do this wdien the needle end is at 
the back, it is brought over the vellum and inserted 
into the book and out at the back, and the head- 
band is then proceeded with as above. To finish it 
off, the needle end is inserted into the book twice, 
and the other end then pressed behind, and both 
are cut off, leaving short ends, w'hich arc frayed out 
and pasted down to the back. The ends of the 
vellum are then cut off. 

This kind of headband would be too expensive 
for the cheajwr bindings. In their j)lace the leather 
at head and tail can be turned over a jiiecc of string 
wiion cov'ering. 

Leather for Bindinga- Various kinds of 
skins are used in bookbinding, chief among them 
being those of sheep, oxen, calves, goats, and pigs. 
Shf f'p skins are cheap, and. when not subjectcnl to 
hard wear, last well. Those classes of .skins tanned 
in India, and know'ii as “ Persians,” both sheep and 
goat, have little durability, ('alf skin, although 
capable of receiving a beautiful finish, does not wear 
w'ell. Ojc hide has to be reduced .so much in sub- 
stance to be fit for binding hooks that the greater 
part of its strength is lost. Onaf skins furnish 
“ Morocco ” leather of several kinds. Of these, the* 
finest is that of the Cajie of Oood Ho^ie, know n when 
finished as ‘’Levant Cape Goat” ; it has a bold, 
natural grain, and is perhaps the most lK?autiful 
leather for bookbinding. Pig skin is very durable, 
and is best adapted for large work. A leather 
which has great beauty and strength is made from 
th<“ (Jrcenland seal, but much depends on its 
pn‘para1i<m. 

In cutting out the leather a piece of pafK?r is 
first cut to the size of the leather required, and 
the leather is then cut to the size of the payier. 
The leather requires thinning (termed jHiring) in 
several placers ; ( 1 ) where it is turned in, to enable it 
to turn neatly over the edges of the boards ; (2) 
where it will go over the back, to allow the cords to 
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be sharply omnhasisod ; and (3) where it will go in the 
joints, to enable the boards to open freely. 

As there is a double thickness of leather w'here 
it is turned in on the back, it is pared especially 
thin there. The cover is marked in pencil to show 
where the paring is required, and is laid on a 
smooth stone and pared with a knifo to the 
neee.ssary dcgi’ee of thinness. 

Coverins the Book. Before covering, the 
edges of the book arc ‘‘ capped up ” to prevent 
damage from the paste used in the proce.ss. Two 
pieces of thin celluloid are placed on either aide of 
the book itself, which is then completely covered up 
with jmper. Small pieces are next cut from the 
back corners of the boards to allow for the leather 
being turned in there. 

The leather is w^ell pasted, the book, closed, is laid 
down in the place marked for it, and the remainder 
of the cover is drawn over the back and the other 
side. The book is then stood on its fore-edge, and 
the leather ])ressed from the back towards the fore- 
edge. The leather is slightly damped on the back 
with water, and the bands are nipped u]) with band- 
nij>])ers. The cover is next smoothed on the sides 
juid the leather is turned in over the fore-edges of the 
boards and smoothed down with the folder ; finally, 
the cover is turned in at the head and tail. 

At the corners the leatlior meets at an angle 
of 45^, and the surplus is cut off WMth scissors just 
above the board, and one edge of the le.ither is 
la]>f)ed over the other. A piece of thread is now 
tied tightly along th(‘ joints passing across the head 
and tail, and uressing the leather in where the back 
corners of the board have been cut away. 

The hands are again nip])ed iij), and the leather 
between the bands well rubbed down with a band 
stick. Finally, the cover is 8])ongcd over with 
water to remove any paste that may have got on 
the book, and, with a piece of pa])er on each side, 
the book is ]>laced between a pair of pres.sing boards 
and left for at lea.st twelve hours. When the 
le.ather is set, though not actually dry, it is trimmed 
on the inside of each board. 

Half Binding. H the book is to 1^ lialf 
bound, the processes are just tlie same up to cover- 
ing. and then only the hack, about oue-third of tlie 
sides, and the corners are covered with leather. 

The proportion Ix'tween the hack, corners, and 
the remainder of the sides can be seen in 20. The 
dotted lines A and B sliould be 
of the .same length. When dry, 
the leather is trimmed straight 
at the back and corners, and 
the material for the side is cut 
out. This is usually either 
]»apcr, cloth, or buckram. It 
is cut to the shaixr shown in 
20, and then glued ou, the 
edges being turned in ov<^r the 
edge of the boards. With the 
c.hea]>er bindings, the corners 
are sometimes omitted, and it 
is then called a quarter binding. 20. HALF BiNDINfj 

Pasting Down Endpapers. waste 

sheet is torn out and any pieces that remain in the 
joint an; remove/^ with a knife. The inside edge of 
the board is then sandpa|K;red or S(;ra])ed with a 
knife to remove any glue or j)aste that may have 
adhered. The width of the margin of the leather 
is then taken with a pair of dividers, the pasting- 
down pa|K»r drawn over the board, and the measure’ 
inent marked off all round on the paper. A tin is 
then ])laced on the book and the paj>er laid down on 
this, cut round with a knife, and pasted down on the 
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board. It is rubbed down through a piece of wasf-e 
paper, particular attention being paid to the joint. 

Finishing and Decorating. Tooling is 
the usuAl method adopted for the decoration 
of leather bindings. It is divided into two classes 
— “gold tooling"’ and “blind tooling.” Finish- 
ing tools are made in either brass or steel, and 
have surfaces cut in the forms of lines, dots, or 
engraved with pattern [12). For long lines a fillet 
is used. This is a wheel with an edge cut to the 
thickness of the lino required j7]. 

If an elaborate pattern is required, a thin, tough 
paper is used for a working pattern, slightly pasted 
at the corners, and i)laced in position on the cover. 
Then all the tools of which the pattern is. made up 
are heated and stam)>ed in tlmough the pai^r. A 
pad of wet cotton- wool is kept close by, and the tools 
are used when they just cease to hiss on the wool. 
They arc held in the right hand, and when striking, 
the tool is guided into its place with the thumbnail 
of the left hand. 

If the pattern is to be in blind tooling, the leather 
is damped and the tools again stam]>cd in. The 
heated tool coming in conta<^t with the damp leather 
makes a rich, dark impression. 

If the pattern is to be in gold, the leather is w'ashed 
with vinegar, and when dry, the impressions are 
painted with glaire, very slightly dilpted with 
vinegar. When the glaire is dry, the gold leaf is cut 
into pieces of a convenient size to lay on, the 
leather is slightly greased with a piece of cotton- 
wool and vaseline, and the gold is picked up with 
another piece of wool and laid on the pattern and 
firmly pressed down. Thc])attcrn should bo clearly 
seen through the gold, and the tools aio now stamped 
in again. When all the j)attern has been impressed, 
the surplus gold is rubbed off, leaving just the gilded 
impressions of the tools. 

The book is then placed in the press, with tins 
on the inside of the boards, and nickel fdates on 
the outside, and slight pressure is applied ; this 
causes the boards to close properly, and completes 
the binding of the book. 

PUBLISHING 

The publishing of books is admittedly one of 
the most attractive trades to which a young 
man can turn his attention. Even old men are 
tempted to sot U]) as })ublishers by the general 
notion that it is about the most lucrative business 
in which one may engage. This latter is, now', a 
mistjiken idea, whatever reason there may have 
been for it in the ])ast, and certainly a review of the 
fortunes made in publishing would go far to suj)- 
iMirt the proposition that it is a ])aying business. 
The shrewd Scotsman who founded the house of 
Murray in the year 17fi8 had been in the Navy, and 
was induced to turn jmblisher because he observed 
“ many bhxjkheads ” were then “ making fortunes ” 
in that very pleasant occiqmtion. Modem com- 
netition has long since made it impossible for any 
nut the most resourceful of men to succeed in the 
world of publishing, and only a few businesses, which 
exist very largely on their old reputations, can be 
conducted on the easy methods of half a century ago. 
There is undoubtedly no room for blockheads to- 
day. In ))oint of fact, aft-er newspaper publishing, 
there arc few businesses in which one can more 
speedily get rid of a considerable fortune than in 
book-publishing. To secure any substantial success, 
a large capital investment is absolutely essential, 
and this none the leas when it is associated with 
brains and intimate knowledge of the trade. 


Value of an “All-round’* Experi- 
ence. There is, of course, a “royal road” to 
publishing as to most other trades, although our 
moralisers may deny this. But few of us are in the 
position to follow the royal road, and hiive, instead, 
to take the toilsome way which, in the end, is likely 
to Ixj more solidly successful, and may, on the whole, 
by honest endeavour, be made as nleasiint. If we 
cannot, by paying a substantial fee to some 
publisher for the privilege of receiving an insight 
into all his departments — as so many Germans do 
nowadays in London — we must needs begin at the 
bottom of the ladder. Naturally, the earlier one 
enters the trade the better. We know one of the 
most successful of the younger jiublishers who 
practically went through every department, be- 
ginning as a shop-lad in a large wholesale firm 
of distributors, with his mind conspintly set on 
l)ecoming a book-publisher. As he had realised his 
ambition before he was thirty, it will be seen that, 
given sufficient |>ertinacity and resource, even 
the humble shop-lad may look forward to seeing 
his name as the imprint of thousands of books 
some day. 

In all the leading provincial cities there are large 
firms of wholesale dealers in any one of which invabi- 
able experience may be obtained, provided always 
that one enters their service early enough — say, from 
fourteen to sixteen years of age. By pissing through 
the varioiis departments in a large wholesale house, 
the Town Department, the Country, the Postal, 
the Stock, and other departments, a thorough 
knowledge of a most important side of the pub- 
ishing business may be obtained. One might 
come somewhat later to the wholesale trade, if one 
had previously secured some exjx^ricnce in a retail 
booksellers’ [see Booksfxling, page 1096 1, and, 
indeed, this would be a wise course to pursue. 

The Producing of Books. But after 
everything has been learned, l)oth in the whole- 
Siile and retail, there would still remain the 
most important knowledge of all to be acquired - 
namely, the manufacture of books. The book- 
seller and the wholesaler only come in after the 
publisher has done his work. It is by no means 
usual that one man should have ex})erience in every 
detail of the trade from the producing to the selling 
of books, and in every publishing house in the 
country there are many employees who have served 
for years, and arc content to serve, in some particu- 
lar dej)artmeiit without acquiring a general know- 
ledge of the trade. Indeed, such men necessarily form 
a majority of those engaged in the business, but 
it is not from such that successful publishers are 
made, and nothing is more fatal to promotion than 
remaining too long in any one department. 

Before turning to the consideration of the actual 
biisiness of a publisher, w^e should point out that 
most valuable exj)erience can be obtained by 
engaging as traveller with a. wholesale house. 
Of course, every jmblishing tirni of any standing 
emjdoys a numlwr of travellers from whose ranks 
many of our most successful publishers have risen. 
We have preferred to mention the great wholesale 
houses first, as these arc not confined to London, 
whereas, excepting a few notable firms in Edinburgh 
and (dasgow, there are practically no important pub- 
lishing houses outside of Ixindon. The provincial 
youth has thus to turn his attention — in the first 
j)lacc, at least — to the wholesale distributors and 
the large booksellers; who very often do a Binall 
amount of original publishing. 

London is essentially the Mecca of publishing, and 
the young man who is ambitious of becoming a 
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publisher will do well if he can secure an engagement 
with a London publisher when he is about twenty 
years of age. 

The Young Publisher's Progress. 

Assuming that he is determined to be no mere 
employee in a department, but has set his mind 
on a managerial ix)8t at least, we shall suppose 
him to have liad, first of all, a reasonable 
knowledge of English literature [see Literature 
and if he gives evidence of any literary taste and 
judgment, he will not find it difficult, after he has 
spent some time in the Costing Department, where 
lie will have become familiar with the cost of pro- 
ducing a book and the various qualities of material 
used, in getting into the Production Department, 
the scope of which varies greatly in accordance 
with the inqiortance of the firm. Here the duties 
consist of keeping account of all accepted MSS., 
aiTanging with the printers for. specimen pages, 
and estimating the size of books, -deciding upon the 
style of title-pages, bindings, general get-up, and 
proof reading. It is, in a word, the department in 
which all the practical detail of production occurs, 
from which the MS. of a book is handed to the 
printer, and from which the first completed book 
is handed over to the mauager. In the smaller 
firms this department is concerned also w’ith draw- 
ing up the sjiring and autumn catalogues, but 
in the large houses that imjxirtant ]>art of a pub- 
lisher's business usually falls to the lot of the 
Publicity Department. 

It will be gathered from our qualifying references 
that it is very difficult to s}>eak of the publishing 
trade in general terms. There are many publishers 
earning a good livelihood w ho employ* no more than 
half-a-dozen assistants, and unite in themselves all 
the different departments we hav’e mentioned. In 
fact, it is no bad ]»lan for a young man to attach 
himself to one of these .smalier publishers, as the 
variety of work wdiich will fall to his share every day 
will result in his acquiring a very good know ledge of 
the trade more s]>eedily than it could be acquired 
in one of the larger firms. 


publics, in mind wiicn he sits down to plan out his 
next number. In order to secure an attractive 
programme, he will ask a certain number of dis- 
tinguished writers each to contribute a story of a 
certain kind and a given length. Ho will arrange 
so many articles to suit this section or that section 
of his readers, and he wdll ask certain writers to 
prepare them. He will then decide how many pages 
each is to occupy, including illustrations, and will 
carefully choose the artist w'ho can best do the 
different kinds of pictures he requires. Hence, 
although he may receive 200 M8S. per week, he will 
seldom retain more than two, and nothing but the 
fear of missing a good article by an unknown writer 
induces him to wade through the MSS. Now, if for 
storie^sand articles we substitute novels and books 
of biography, travel, and general literature, the pub- 
lisher is engaged in precisely the same work as the 
editor. This indicates that one may come to publish- 
ing througli editing: but, of course, for such a one 
the Self-Educator is hardly likely to be a guide. 

*'A Genius for Publishing.*’ It is 

unnecessary here to dwell ui)on such technical 
details as the arrangement of a book, the various 
sizes of tmper, tvi)es, illustrations, printing, and 
book-binding. All these matters are dealt with in 
other parts of the ]>resent course, and with them the 
beginner in book j>rodiiction must necessarily and 
sj)eedily familiarise himscif. In the little space that 
remains to us we must confine ourselves to the 
general aspects of publishing, and need we say that 
after every ]»ossible tittle of information touching 
the practical side of the business has l)een acquired, 
if the intending j)ubli8her is not gifted with the 
peculiar acumen that makes the successful editor 
and the proswrous publisher, he may have studied 
and prepared for the work in vain ? There is some 
touch of genius in know'ing just what is likely to 
meet the tastes of the many different sections of the 
public, and without this all the technical knowledge 
in the world will avail nothing. Every day of our 
life we see books Ixu'ng j)ublished which we know 
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of course, very much the same as that of any other 
business, but the young man who has shown 
sufficient literary aj»titude to l>e placed in the 
Production Department is fairly certain to be 
employed sooner or later in the reading of MSS., and 
in consultation with the manager preliminary to the 
acceptance of a work. The “ literary adviser 
used to be a somewhat mysterious jierson who read 
all the IVLSS. received, and su])plied re]>orts as to 
their literary qualities and the likeliliofnl of their 
success. He was sometimes himself a distinguished 
novelist, wdio thus eked out some extra income by 
giving what was very frecpiently the most misleading 
advice. This old-fashioned tyj»e of adviser is 
disapj>earing. The successful [mblisher of to-day 
dejxmds hardly at all upon the unsolicited MSS. 
he receives. They are read and ref)orted oil as of 
old, but his reader, if he himself does not do the work, 
is more likely to be some alert jK'rson with the real 
journalist’s knowledge of what is calculated to 
interest the publk;, and it will Ik* found that he or 
the publisher himself will l>e the first to think of 
most of the liooks they will publish. As a matter 
of fact, the ideal publisher, or literary adviser, is 
essentially an ideal editor. The editor of a success- 
ful magazine has a certain public, or perhaps several 


looiisnness of the vain writer, who Ins jiaid some 
publisher to issue the work, biit ))ublishers who do 
this never rank high in the ])rofession. 


Risky Publishing and Safe. Not 

very well can we lay down any rule as to the 
amount of capital that is required to engage in 
publishing. Everything will dejamd upon one’s 
])ersonaI requirements and how' soon a return for 
one’s money will be ex]>ectod. This, however, can 
be said, that cheaj> jniblishiiig requires by far the 
largest amount of cajiital. That is to say, to deal 
largely in attractive editions of non-copyright books 
at cheap prices involves a much greater risk than the 
publishing of original works in general literature, in 
editions of, say, one thousand co])ieK, at good prices, 
from six shillings ujiw'ards ; and if the ]>osHil)ilitieB 
of the more expensive ])ubliHhjng are not quite so 
great, the money invested is far safer and likely to 
produce a substantial return. Novels, and fiction 
of all kinds, involve a much greater element of risk 
than works of biograiihy and travel ; but it is an 
ajdum of the trade that educational and technical 
books are of all the most desirable to ])ublish, as 
they supply a demand that can be easily gauged, 
and if at all well done, cannot easily fail to be 
profitable. 


Books condvded; followed by Libraries 
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MAN AGAINST BACTERIA bacteriology 

The Facts of Immunity. The Fates of Nations Decided by Bacteria. 3 

Empires Founded on Immunity to Disease. Immunity from Moral Disease 

Continueti from paffo 0Q44 


By Dr. GERALD LEIGHTON 


DEFORB proceeding to the next portion of our 
^ subject, it will be well to wimmarise briefly the 
important bacteriological facts bearing upon the 
causation of disease and production of immunity. 

Bacteria produce their eflFccts either by their own 
multiplication or by the manufacture of poisonous 
toxin. Some diseases, such as anthrax, arc due 
mainly to the former process. These are termed 
scpticjemias. Others are chiefly dangerous from the 
toxic action of the microbe — for example, tetanus 
or lockjaw. Hence, substances which prevent or 
cure inicrobic disease are either anti-bacterial or 
anti-toxic, according to the nature of the particular 
disease. Immunity is of two different types — 
natural or acquired. Natural immunity belongs to 
the individual in virtue of his being the ]»erson he is, 
ta person of a given sj^»ecies, race, family, tempera- 
ment, and idiosyncrasy. It is a product of evolu- 
tion, and hence is found to show itself in various 
directions in different species and races. Because 
it is inborn, it can be, and is, transmitted by 
here<lity ; it cannot be transferred from one indi- 
vidual to another. Acquired immunity, on the 
other hand, comes to a jwrson in one of two ways — 
either as the result of recovering from disease, or as 
the result of artificial inoculation. Because it is 
acquired, it cannot be, and is not, transmitted by 
heredity. But it can, by suitable methods, be 
fransferred from one individual to another. 

Disease Cured by Horse Serum. 

The mosf. perfect method of thus transmitting an 
acquirei immunity is to be smi in the serum treat- 
ment of disease. This depends upon the fact that when 
a susceptible animal is artificially made to acquire 
immunity, the scrum of that animal contains sub- 
stances which are either anti-bacterial or anti-toxic. 
This serum can be readily withdrawn from the 
animal in question, can be preserved for a consider- 
able length of time, while it retains its ])roy)erties, 
and can thus be used at any moment when requiri^d 
as a curative agent. Such a serum, to be (kqiended 
upon, must be taken from a highly immunised 
animal ; it must have, in other words, a high anti- 
toxic value. By this is meant that a Loven quantity 
of that serum must be of such potency ns will enable 
it to antagonise a large quantity of toxin in a patient. 
It is not sufficient that it merely be anti-toxic ; it 
must bo highly anti-toxic. The reason is obvious. 
It is impossible for the physician to estimate in a. 
case, for example, of di]»htheria, how much toxin is 
present in the body of his ])atient as the result of the 
action of the microbe of that disease. There ma 3 ^ be 
little ; there may be much. There may be little 
to-day, but sufficient to-morrow to kill the patient. 
In order that the anti toxic serum may be reliable, 
it follows that the dose of that serum must contain 
sufficient anti- toxin to antagonise the largest 
quantity of toxin which is likely to be present in 
any ease of diphtheria. 

A serum of this high immunising power is obtained 
from the horse by rendering that animal immune, not 
merely from ordinary dose's of diphtheria anti-toxin, 
but from doses which, under ordinary circum- 
stances — that is, were the animal not immunised — 


would be much more than sufficient to cause a 
fatjil result. The bacteriologist, whose business it is 
to prepare a serum has definite tests by which he is 
able to “ standardise ” his serum, which is therefore 
always of a known potency. Not only so, but he is 
able to increase or decrease the virulence of disease- 
producing microbes by various methods of cultiva- 
tion, and so able to produce immunity from a more 
virulent microbe ,thun the one which usuallj^ causes 
the disease’ itself. 

The advantage of using a serum to confer 
acquired immunity is that its anti-toxic properties 
are available for instant service. It is a curative 
agent. The disadvantage of conferring an acquired 
immunity by a serum is that such an immunity 
lasts but a short time. The serum is a foreign 
substance, and, as such, tends to be eliminated 
from the system before very long. Meantime, 
however, it has done its work of healing. The 
advantage of acquiring immunity by recover}' 
from disease is that such an acquired immunit.v lasts 
for a long ]ieriod — ]>erhaps years, jx‘rhaps a lifetime. 
The disadvantage of this process is that the patient 
has to make his own anti- toxic substance while 
suffering from the disease. It is therefore only of 
value as a preventive agent against future infection. 

The Place of Bacteria in Evolution. 

It is surely a wonderful thought that these micro- 
sco])ic bacteria contain within them the fate of 
nations ; but such is indeed the case. It w'ould Ix' 
difficult to think of an}' one class of agency which 
has been such a potent factor in the past history of 
the evolution of mankind, and w hich is still in active 
operation to-day. We have seen in another ])art of 
this work }sce Biology] that organic evolution 
means adaptive cham/e, and that the most powerful 
factor in its ]>rod notion is natural selection of the 
tittest to survive. .Any agenry, therefore, which 
o])eratcs !)y eliminating huge numbers of individuals 
must be a most potent cause of racial evolution. In 
fact, the evolution of any nation is that of its 
immunities from the various deleterious intluenccs to 
which it is subjected. Restricting ourselves for the 
moment to what we term the ])hysical sijhere, and 
in that sphere to the domain of disease, it is thus 
(|uite obvious that the evolution of a nation fir a 
race w'ill deiK*nd upon the evolution of immunity 
from various diseases, or else upon the evolution of 
the power of acquiring immunity, 'rake our own race 
ns a case in point. 

For very many generations tlni people in these 
isles have been subject to the infection of tubercu- 
losis, or consumption. Now% the microbe of this 
disease, the tubercle bacillus, flourishes best in the 
environment of w'hat we term “ slums.** In these 
“ slums '* are gatliered together in dense crowds 
great numbers of our popuhition. Nothing but a 
strong power of resistance— that is, immunity— could 
possibly prevent the utter extermination of people 
imder such conditions, and, as a matter of fact, ns 
W'c know’, many do so perish. But why not all, or a 
great many more than <lo ? Obviously, there has 
been evolved in our race an inborn pow’er of 
resistance, an inborn immunity. How* has it been 
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ev'olred ? In the usual way, by natural selection of 
the fittest to survive. Who were the fittest in this 
particular ease ? Those who possessed by nature 
already sonic power of resistance. The others, the 
loss resistant, have been in jirocess of elimination 
for generations. Thus is gradually being evolved 
in our race an inborn immunity from this particular 
disease. If we wish to see what happens in the 
absence of such evolution we have only to notice 
the effect of this disease upon a. race previously 
unexposed to it. Its ravages are terrible. 

Measles as a National Disaster. Take 
another case — that of measles. Here we have a 
disease to which every Englishman is still suscep- 
tible, but against which, all the same, there has 
been great racial evolution in a different direction. 
Measles in this country, apart from any complica- 
tions, is considered a trifling complaint. W'e know 
from exfHJfienee that nearly every case will end in 
recovery. But when measles is introduced amongst 
a race to which it was previously unknown, the 
Polyne.sians, for example, its effects are so severe 
that a large proportion will ])erish. Why ? Because 
the Englishman has undergone a process of evolu- 
tion against measles of which the Pol^uiesian has 
had no opportunity. But note th? Englishman still 
gets measles. He has not evolved any immunity 
from infection. He is as susceptible as ever, ap- 
parently. What he has evolved is the capacity to 
recover — in other words, the power of acquiring 
immunity. How has this been accomplished ? 

Obviously, again, it is a (piestion of natural 
selection. Once more the unfit have gone to the 
wall. When measles first attacked us, those indi- 
viduals only who had the |)ower of recovery and of 
acquiring immimity survived. This was an inborn 
power capable of transmission by heredity to their 
descendants. In this way each succeeding genera- 
tion became more and more capable of acquiring 
immunity from measles. And this w'ould go on as 
long as measles was a selective agent. 

Thus, in some infectious diseases which affect 
large numbers of people there is evolved b}^ natural 
selection an inborn immunity from infection. In 
other diseases there i.s evolved the power of acquiring 
immunity from the effects of the disease. These 
two processes are perfectly distinct, but both 
proceed along similar lines of evolution and are 
the cause of the racial differences of susceptibility 
to disease w’hich we see in the world to-day. 

“ Modem examples of ancient epidemics,” as Dr. 
Archdall Reid says, “may be seen in isolated regions. 
In Pacific islands, for example, air-borne disease 
spreads like a flame. The whole community is 
stricken down. The sick are left untended and 
perish in multitudes. The fields, the entire business 
of the community, are neglected, and famine fre- 
quently follows. Under such conditions measles or 
whooping-cough — diseases which we in England are 
accustomed to regard as scarcely more than nuisances 
— may rise to the level of a great national disaster. 
Thus, in 174fl, thirty thousand natives perished of 
measles on the hanks of the Amazon. In 1829 half 
the population died in Astoria. In 1840 measles 
committed frightful ravages in the Hud.son Bay 
'IVrritory. More recently a quarter of the total 
inhabitants was swept away in the Fiji group.” 

Evolution against Consumption. ‘"The 
progress of consumption was different. It was 
never truly epidemic. Owing to its low infectivity, to 
its lingering nature, to the fact that no immunity 
from it could be acquired, it did not spread suddenly 
when first introduced, but when once established its 
virulence did not abate within measurable time. In 
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other words, it w'as endemic from the beginning. It 
made its home in the hovels of the early settlers on 
the land. In such situations — as in Polynesian vil- 
lages — modern Englishmen do not take the disease. 
But their remote ancestors were more suscentible ; 
they could be infected by a smaller dose of bacilli. 
Gradually, as civilisation advanced, the conditions 
became more stringent; men gathered into larger 
and denser communities, into hamlets and villages, 
in which they built houses ill-lighted and worse 
ventilated. With the rise of towns, and ultimately 
of great cities, the stringency of selection continu- 
ally increased, and with it, step by step, the resist- 
ing power of the rare. To-day Englishmen dwell 
under conditions as impossible to their remote 
ancestors ns to the modern Red Indians. In fact, no 
race, especially in cold and temperate climates, is 
now able to achieve civilisation, to dwell in dense 
communities, unless it has previously undergone 
evolution against tuberculosis. 

“So during the long sweep of the ages the microbio 
diseases strengthened their hold on the inhabitants 
of the eastern hemisphere, w’ho, in turn, slowdy 
evolved powers of resistance. In like manner ante- 
lof)es grow swift and w’ild sheep active when perse- 
cuted by beasts of prey. Then, when the germs of 
disease were rife in every home and thick on the 
garments of every man, there occurred the greatest 
event in human history, the vastest tragedy. 
Columbus, sailing across an untracked ocean, dis- 
covered the w'ostern hemisphere. The long separation 
between the inhabitants of the East and the West 
ende<l. The diseases of the Old World burst with 
cataclysmal results on the New.” 

Bacteria aa Empire Builders. Then, of 
course, what had already happened in the Old 
World had all to be undergone again in the New. 
Once more plague and pestilence held the field, 
with great epidemics, followed by famine. In the 
same way, when smallpox was taken to the West 
Indies in 1507, whole tribes were exterminated, and 
shortly afterward.s the same fell disease depopulated 
San Domingo. Three-and-a-hnlf million human 
beings j)crished from it in Mexico. Catlin, in 1841, 
wrote of the United States, that “ thirty millions of 
while men are now scuffling for the goods and 
luxuries of life over the bones of twelve millions of 
red men, six millions of whom have fallen victims to 
smallpox.” And so the white man spreads over 
the so-called uncivilised portion of the globe and 
inhabits the choicest places y)rPviouRly occu])icd by 
others, simply because it has been bis lot to have 
evolved in the course of ages an immunity from 
some infections and a power of acquiring immunity 
from others. So the Spanish conquest of the West 
Indies was followed by the rapid disappearance of 
the natives, who acquired the diseases imported b}' 
every vessel. The striking lesson that bacteriology 
teaches the empire-builder is that any conquest, in 
order to be permanent, must be accompanied by 
extermination, for otherwise, in the course of 
time, the native W'ill either absorb or expel the 
conquerors. Dr. Reid says “ The Saxon conquest 
of England was permanent ; of the Norman 
conquest there remains scarcely a trace. The Huns 
and the Franks founded permanent empires in 
Europe : the Roman Empire and that of the Sara- 
cens in Spain soon tumbled into ruins. It is highly 
improbable, therefore, that the British will retain 
their hold on their Old World dependencies. A 
handful of aliens cannot for ever keep in subjugation 
large and increasing races that yearly become more 
intelligent and insistent in their demands for self- 
government. But no probable conjunction of 
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circumatances can be thought of that will uproot 
the Angld-Saxons from their wide possession in the 
New World. The wars of extermination arc ceasing 
with the spread of civilisation. We have ransacked 
the world, and now know every important disease. 
Diseases cannot come to us as they came to our 
forefathers and to the Red Indians, like visitations 
from on high. All the diseases that are capable 
of travelling have nearly reached their limits ; the 
rest we are able to check. Even in the unlikely event 
of a now disease arising it would affect other races 
equally. Canada and Australasia, like the United 
States, may separate from the parent stem, but the 
race will j>er8ist. If over a New Zealander broods 
over the ruin of London he will be a New Zealander 
of British descent.” ' 

New Empires no Ioniser Possible. 

Thus in plain fact is the natural history of man 
nothing more than the story of his evolution against 
bacterial diseases. It is a humbling thought but a 
true one that the conscious efforts of man have had 
but little influence upon his destiny in compaiison 
with his unconscious struggle to evolve against the 
most minute of living creatures. The time for 
founding new empires has gone for ever. Only a 
few malarious districts remain. Other nations had 
their opportunity and threw it a way by choosing the 
tropics for their empire instead of the temperate 


climes, as was the case with Spain and Portugal. 
“ France lost her opportunity on the Heights of 
Abraham. Germaiw is more than a century too 
late in the start. Russia can conquer only hardy 
aliens, who will multiply under her rule and ulti- 
mately assert their supremacy.” To Great Britain 
alone was it given early enough to evolve im- 
munity from the most devastating of bacterial 
diseases, and the wisdom or good fortune to colonise 
those portions of the world where this advantage 
placed the land at her mercy. 

In this brief survey of modem bacteriology we 
have seen the dawn of a revolution in the methods of 
medical treatment of disease, a revolution whose 
future results it is impossible to foresee. In the 
future of bacteriology lies the hope of the healing 
art. We have seen how bacteria have moulded the 
history of the world and particularly of our own 
race. It only remains to show that these same 
great principles are in operation in other spheres 
than those of bacteriology, and that the laws of 
immunity have a far wider application than has 
hitherto been supposed. The greatest discovery of 
all is made plain by the discovery of the laws of 
immunity in bacteriology — namely, the fact that 
these laws are o|)erativo also in the mental, moral, 
and religious life of man, as well as in his physical 
hotly. 


THE HIGHEST AIM OF MAN, PHYSICAL AND MORAL 


A great number of readers have now followed the 
present writer in the sections of this work dealing 
with the sciences of biology and bacteriology. 
In the former of these courses we studied the pro- 
blem of organic evolution, and endeavoured to 
gain some clear idea as to how that evolution had 
come about. We watched the relentless principle 
of natural selection at work, selecting the fit in the 
struggle for existence and rejecting the unfit, the 
suppression of the individual for the good of the 
rade. That is Nature’s method of progress. Then in 
the course of bacteriology we have studied a special 
aspect of organic evolution, evolution against 
microbic disease, and realised something of what 
has taken ])laco in past ages which makes it possible 
for modern civilisation to exist as we see it in our 
teeming cities. We have learnt that it is possible 
for a race to become immune from a disease, and 
for an individual to possess the power of acquiring 
immunity. More, we clearly spe that, unless evolu- 
tion produces individuals who are either immune, 
or can acquire immunity from disease, the nation 
composed of those individuals inevitably perish. 

Evolution Against Moral Disease. 
In wliat follows hero the writer wishes to apply 
these same principles and laws to other phases 
of man’s life, to show what, in his opinion, must 
constitute the scientific base of evolution in other 
spheres than those of disease — spheres to which, as 
far as he is aware, these laws have not been definitely 
applied. The view to bo here stated is given with all 
humility ; it will not appeal to all — no view can do 
that, because a hundred minds see the same truth 
from a hundred different aspects — but it is ho|>ed 
that, as it has hcljied a few already, it may lie of 
assistance to many more in showing that there 
is piolid scientific ground for expecting certain defi- 
nite results to follow equally definite lines of pro- 
cedure in other parts of man’s nature. 

It will be taken for granted in what follows that 
the reader has made himself familiar wuth what 
is meant by ” Immunity,” and that he has clearly 
understood the two types of immunity described in 


Bacteriology under the names Natural or Inborn 
Immunity” and “ Acquired Imrnimity.” It must 
also be clearly understood that we are not- here 
attempting to construct an elaborate analogy. An 
analogy is a likeness between things in some 
respects when the things are otherwise entirely 
different. The attempt here is to apjily the same 
identical laws to additional asjiects of man’s nature. 

Wider Application of Laws of Im» 
munity. If the laws of immunity mean anything, 
they convey the greatest truth in the world — 
namely, that by undergoing certain processes a man 
can become immune from certain agencies. This 
is the highest aim of man. Physically, mentally, 
morally, he who is immune from all that can work 
him evil is the perfect man. There can be no 
higher ideal for man than to become immimo 
from all that will interfere with the perfect develop- 
ment of his physical, intellectual, and moral nature. 

Therefore, we say advisedly that the laws which 
govern the production ‘ of immunity convey the 
greatest truth in the world. What is here advanced 
is the scientific application of those same laws of 
immunity in disease to other parts of man’s 
nature. Disease is merely one phase of human life, 
and is not entirely physical. It has its mental and 
moral aspects. We therefore assume that these 
aspects are involved in the W’orking out of immunity. 
It is contended that the mental and moral processes, 
as \vell as those of disease, can be explained, and 
their nature demonstrated, by the application 
of the well-known laws of immunity to that part 
of man's nature of which they are the outward 
expression. One cannot separate these from the 
rest of a man. They are just as much a part of him 
as is his bodily health. Just as the latter is first 
developed, and subsequently modified by various 
natural agencies, so we must believe that these 
mental and moral processes are similarly brought 
forth and modified. In a word, a man has been 
what he was, is what he now is, can be what he 
hopes to be, in virtue only of one great set of prin- 
cijilcs which we know as the laws of immunity. 
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We may now examine the facts of immunity in 
the non-physical world, just as we did iA the course 
on Bagtbrioi/>^jy in relation to disease. In the 
realm of moral disease the definition of the term 
would be as follows : Immunity is that condition 
of an individual in virtue of which he is able, 
either partially or absolutely, to resist temptation. 

Immunity from Temptation. A close 
examination of the lives of men and women 
around us will soon make clear the fact that all 
have some power of resistance to the variety of moral 
infections— that is, temptations — by which they 
are surrounded, and to which they are continually 
exposed. If this were not so, all would be hoj>elessly 
immoral. The righteous and sober life would be 
impossible. Now, this capacity for resistance, 
which all possess more or less, is inborn, and, 
like that against disease, it varies immensely in 
different individuals. It also varies with the 
nature of the infection in the same individuals. 
The temptations of one man are not necessarily 
those of another, any more than are the w'eak points 
in his physical arTUOur. Everyone knows that there 
are people who can, by virtue of this ]iower of 
natural resistance, pass imsenthed through certain 
moral infections which in others would inevitably 
jiroduce moral death. Thus some are naturally 
sober, innately resistant to the sjiecial infection 
of alcohol. It is no credit to them, but it is some- 
thing for w'hich (hey should be profoundly thankful. 
Others are naturafly honest ; the temptation to 
steal simply does not touch them. On the other 
hand, there are indivkluals who are e.Hpecially 
susceptible to one or other of what we term vices, 
in whom, that is to say, this natural jxiwer of re- 
sistance is lacking. 

The next point to note is that this inborn immunity 
of the individual cannot be transferred from one to 
another. It is useless as a help to his fellow'-man. 
It is only the man of like passions and suscepti- 
bilities as ourselves who, having liecome immune, 
can transfer hi.s immunity to others. The }x»rson 
who has been vaccinated can [)rovide vaccine lymph 
which can be used as a protection to others: but 
if be be insusceptible to vaccination by nature, 
he is useless for this purpose. So it is that some arc 
born saints, so to N]K*ak, while others are born 
susceptible to moral infection. 

In addition to this universal resistance, which 
all ])ossess in varying degrees, we observe that 
after passing through some s|»eeial temptations 
the individual has acquired an immunity from 
that special condition, an immunity which did not 
exist before passing through the exj)erience in 
question. If the law of>erales here as it does in (he 
case of disease, we should ex})ect to find that this 
s[)eci,il immunity lasts in some eases for years, 
in others for a lifetime. So it is. 

The Fallacy of ** Sowing Wild Oats.** 
The thought then occurs that since oxfKjrience of 
temptations and sin (infection and disease) succe8.s- 
fully overcome (recovery) may confer immunity, 
why not try and confer this immunity artifici- 
ally by exposing individuals to the contagion ‘i 
There arc tliose who believe in the efficacy of tin's 
process, and W'ho think it a good thing that 
“ wild oats should be sown ” in the ho]x» of reaping 
immunity. Hut it must be remembered that those 
wl»o arc thus exposed to moral infection run the 
risk of inoral death for themselves, and, for the 
time being, are centres of infection for others. 
As a simple matter of fact, experience teaches 


that large numbers who try the process die morally 
under its poisonous action. In the case of disease 
w'e saw that this deliberate exposure to infection 
on the chance of recovery w'ith immunity has been 
made illegal. It is too dangerous, both for the 
individual and the community. Too many will 
perish. Only those of high natural resistance wdll 
survive. The process is effective in eliminating 
the unfit, and it is Nature’s method, but it is too 
cruel. In the same way, and for the same reason, 
the moral and religious law steps in, and says to 
the individual “ Thoa shalt not ! ” 

Finally there comes the tremendous claim made 
by the founders of nil moral systems — the claim 
that they can confer upon mankind an artificial 
immunity from the moral infeetion of temptation 
and the moral disease of sin. The claim is not put 
in these words, but, translated into modern science, 
and expressed in terms of immunity, that is what it 
means. The modern physician is not content 
to trust to the chance of his patient’s recovery to 
make him immune. The risk is too great. The 
moral teacher likewise sees the danger of such a 
process. The ]>hysician urges upon his patient not 
to wait until he be exposed to infection, but 
to protect himself beforehand by acquiring an 
artificial immunity. Tlie moral teacher takes the 
same line, and offers a methotl of treatment which 
he claims will confer upon the person an acquired 
immunity for a time. True, the effect is temporary. 
All artificial immunity is so, more or less. But 
the supply is inexhaustible, the process safe, the 
result certain. 

Immunity from Alcoholism. To make 

all this perfectly clear W'e may take one concrete 
example — that of alcohol. Some people have a 
marked degree of natural inborn immunity from 
the temptation or the effect of alcohol. They consti- 
tute the great majority of the sober member! 
of the population. They are sober because they 
are immune. If any habitually sober man ima- 
gines that he is so because of his strong efforts 
to struggle against the temptation of alcohol every 
hour of his life, he deceives himself. It is not so. 
The sober man wdio is at the same time honest will 
admit, if he thinks, that to him alcohol is no tempta- 
tion. He is immune. The present writer has asked 
hundreds of sober r»icn why they w'cre so, and every 
one, after consideration, has admitted the truth of 
(ho above statement. To most of us. therefore, it is 
no credit to be sober, but it should be a matter ol 
great thankfulness that W'c are naturally immune. 

Of those who are naturally susceptible or who 
acquire a taste for alcohol, a certain number in 
time become immune. But it is after such an 
ex|)erience as few' would care to risk. It is a test 
under which most succuml), and is far too dangerous 
to be made a routine ])rocoss. All moral and reli- 
gious teachers have clearly recognised this, and they 
therefore offer a method of ac(|niring immunity 
which they claim to be safe, sfK'cdy, and cerbiin. 
They claim that the power of the influence which they 
prescribe is so strong that it will protect not merely 
from one, but from all moral infection. In this one 
point tlicy go beyond anything that science has 
et discovered in the sphere of infection disease ; 
ut in every other detail the offer which they make 
ap))ear8 to l>e perfectly scientific and practical. 
It is the method which we ourselves adox^t in dealing 
with our fellow-men. It is the only method by 
which man can become immune from all deleterious 
influences, mental, moral, or ))hysical. 


Bactertolooy concluded; followed by Natural Products 
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By JOSEPH G. HORNER 


^AS, oil, and petrol engines are all clasRod as 

internal combustion engines, because the fuel 
is burned within the cylinder instead of in a boiler 
Hcjiarate therefrom. Though the heat problems in- 
volved are similar to those of steam-engines, the 
practical working conditions are different in many 
details. In each case the effect of heat is expan- 
sion and firessure, but the pressure of the elastic 
hiiid steam is not of so violent a charaeter as that 
ill the gas-engine. In the latter, an explosive mix- 
ture of gas with atmospheric air in certain dehnito 
pro] »or lions is made and ignited, and so exploded. 
The resulting heat is so intense that the cylinder 
would become ra])idly overheated unless it were 
water-jacketed. This, of course, entails much loss 
of heat, and is exactly contrary to that which exists 
in steam-engine practice, in which the cylinder is 
jacketed to lessen escape of heat. Yet the heat 
efficiency of tlie gas-engine is greater than that of 
th(‘ steam-engine, hecause there is no loss eonse- 
(|uent on the use of a steam-boiler, and the fuel is 
therefore used directly. 

The term “ gas ” covers a wide range of product, 
from town’s gas and prodiH;cr-gaa to blast-furnaco 
waste and Mond gas. The only difference in the 
gis, and the oil and petrol engines, is that tho 
first is all ready for use, and the two last have 
to l>e gasified. 

Cycles. A cycle means the entire series of 
0 }»erations involved in the utilisation of a given 
charge from the period of its introduction to dis- 
charge or exhaust. 

The Otto cycle is that 
which is now nearly 
always used. It in- 
cludes the drawing in 
of tho gas and air 
into the cylinder, 
following behind one 
stroke of the jiiston, 
tho compression of 
tho mixed chargo 
during the return 
stroke, and firing at 
the termination of 
the In-stroko. It is 
burnt and exploded 
in the next forward 
st roko. There is thus 
only one actual 
working stroke in 
four in an Otio 
single-acting engine; 
but further economy is ensured by governing on the 
hit-and-miss piinciide. The governor opens or 
closes tho gas valve, responsive to the load on tho 
engine. Most large engines, however, are now often 
governed in another way, by varying the volume 
of the gas admitted. Tho amount of compression 
]jossiblo varies with different gases from about 
4 atmospheres to 10, being dependent on the pro- 
)»ortion of hydrogen present. Tho larger the 
projiortion of hydrogen, tho less compression is 

1 X c 


possible. Ignition is effected by an electric spark, 
or by a rod-hot tube. 

Gases. The gases used vary much in calorific 
or heat-giving power. Town’s gas alone was used 
in the early days of the gas-engine. It has a higher 
percentage of heat-giving j>ower than any other; 
but its use has long been discarded for large engines 
in favour of gases lower in calorific power, but 
much chea]>cr. The calorific cayiacity of producer 
gas is only about one-fourth that of retort gas, 
that of Mond gas about the same, while that of 
blast-furnace gas is only about one-sixth. But 
the nitrogen in the latter takes the place of much 
of tho air ordinarily required in retort gas^ and 
hence the engine efficiency is higher than tlie 
calorific value of the gas alone would indicate. 
In the gas producers, fuel generally of a chea]j and 
inferior kind is fed from a hop])er to a brick-lined 
cylindrical vessel containing a grate. Air is fed 
by a fan, and carbonic oxide is formed, with nitrogen 
and other elements in various projiortions, accord- 
ing as the method adopted is dry, or wet, or water- 
gas. 

Blast*furnace Gas. Nothing has given so 
much impetus to the growth of the large gas-cngirec 
as the utilisation of blast-furnace gas. The first 
large engine of this kind exhibited w'as at tho 
Paris Exhibition of IIHX), being of about COO-h.p., 
w'hich has been more than doubled since. As long 
as town gas or Dowson producer gas were the only 
sources available, engines of over 100-h.p. were 
rarely made. The 
sjKioe occu])icd by 
generating plant, and 
the cost, did not com- 
]>are very favourably 
with the steam-boiler 
])lant. Inthedevelop- 
ment of these vast 
engines, the Cockerill 
Co., of Belgium, and 
some CJerman firms 
led the WTiy. The 
result is that these 
engines are now 
scarcely discernible 
from steam-engines 
in e.xtcrnal appear- 
ance ; they are 
double-acting, and 
the valves of the drop 
typo resemble those 
of steam-engines. 
The hit-and-miss regulation is abandoned in favour 
of a governor-actuated cam, which regulates the 
amount of lift of the gas valve, besides which, an 
immense number of special details are included. At 
Oberhausen there are seven double-acting engines 
of this kind, four of which are 1,000-h.p. By 
designing engines tandem, with two, or four cylin- 
ders, tho power is multiplied ; so that there arc 
engines of 2,000-h.p. and over at work, and there is 
no reason why from 5,000-h.p. to 6,000-h.p. should 
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not bo made if required. In the early da3»s of 
blast-furnace gas-engines, much trouble arose from 
the presence of dust and of tar^ The dust is now 
readily got rid of, but the tar still causes trouble, 
lodging in the cylinder and causing the valves and 
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93, THORXYC’ROFT ENtJiXE 

piston rings to stick in their 
seatings. 

Oil-engines. These 
are gas-engines to Which the 
fuel is supplied in the liipiid 
form. Their value lies 
chh^tly in isolated districts 
in which no power-gas is 
available, Onl inary petro- 
leum is generally used. The 
oil is introduced in dehnite 
volume into a highly heated 
chanil)er — the va])oriscr — 
along with a suitable supply 
of air. The mixture is then 
drawn into the working 
cylinder by th<! suction 
stroke. It is then com- 
pressed on the return or in-stroke, and ignitod. The 
exjilosion gives the working stroke, and in the 
return stroke the products of combustion are ex- 
hausted, thus embodying the Otlo eycle. I’he 
governor lessens the number of ex])losion8 
when the engine is running light. In some 
e ngines the oil is si)rayed and mixed with 
air before it is passed into the working 
cylinder to be compressed. In others the 
air is compressed in the vajiori.ser. The 
charge of oil and air when it (alters the 
cylinder should have a teniyMTature of 
from 170'^ F. to .300"' F. About 1 lb. of oil 
is required j^er brake horse-yiower i>er hour. 
Petroleum suitable for engin(?s should have 
a specific gravity of 0*8, and ISC'" F. its 
flash |)oint. Cylinders are jattkeU‘el as in 
gas-engines. The thermal efficiency of oil- 
engines ranges between about 12 per cent, 
and IS jHT cent., the lattiT being high. By thermal 
efficiency' is meant the ratio of the actual work done 
by the engine at the brake (B.H.P.) in a given time 
to the total heat supplied yier minute by the complete 
combustion of the oil retpiired to do that work. Or, 

, work float* per nifaiite 

leraia e ic eiK> — Hiipplied imt R.H.P. per aiiaiitc 
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One-horse power = 33,000 foot-'poimds per minute, 
or 42*63 heat units.' The heat unit is the quantity of 
heat required to raise the temperature of 1 lb. of water 
through 1° F., and is equivalent to 774 foot-pounds. 
The Diesel Engine. This [94 and 96] is a 
remarkable type of oil-engine which has been 
developed rapidly of late years. The loading 
feature by which it is distinguished is the very 
high compression and tcmyierature emydoyed, 
from which various results follow. It operates 
upon the four-cyclo principle. During the first 
stroke air alone is drawm into the oj’linder at 
atmospheric pressure and temperature, and 
this charge of air only is compressed on the 
return stroke, to a pressure of about 32 to 35 
atmospheres, or, say, 450 lb. to 500 lb. y)er 
square inch with a temy)eratiu*o of about 
1 ,000® F. During the third or working stroke the 
oil fuel is gradually 
injected by means 
of an air jet at a 
))rcssure of about 
800 lb. iK*r square 
inch. The effect is 
to spray the oil 
very finely 
throughout the 
highly heated 
charge of air, with 
which it is ignited, 
in consequence of 
the high y)ressure 
y>ro8ent, no ignition 
a)>paratiis being 
necessary. There 
is. therefore, no 
sudden exydosion, 
such as that which 
occurs in the or- 
dinary oil-engine, 



95. DIESEL ENGINE 

but a gradual combustion and gradual cxyiansion 
without shock. The fourth stroke exhausts the 
yiroducts of combustion. 

In the illustrations [94 and 95], whudi is an engine 
by the Vereinigte Maschinenfabrik Augsburg und 
MaschincnbaiigesollHehaft Nfiml^erg A.O., Augsburg, 
the following are the princiyml parts of the engine: 
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The cylinder A is 
fitted with a water- 
jacket B ; the piston 
C is of trunk form ; 
the engine cover D is 
at the head of the 
cylinder, and is also 
water-jacketed ; E is 
the air pump ; N is 
the fuel feed pump. 
The compressefi air is 
stored in the vessels 
G, G, H, one of G 
l)eing a reserve. The 
fuel is received from 
the filtering tanks M, 
M, and brought into 
the fuel valve F above 
the cylinder by means 
of the pump N. The 
other valves are the 
starting valve P, the 
exhaust valve O, and 
n 

the handle U the r(‘- 



versing lever is placed in the starting position F. 
After opening the valve on vessel G the motor starts 
running. If it has reached the s])eod required for 
igniting the fuel, the reversing lever is placed in 
working ])osition, and then the engine works w'ith 
fuel and may be loaded at on(?e. The valves are all 
o]xi!ratcd by cam plates on the shaft, ^ 

.1, K and L Inung the levers. Forced tr— ■ 

lubrication is adopted. ] 

Petrol Motors. These are *3^ b " ^ 
s])ceial types of oil-engines for motor- 

cars, launches, and other ^ 

Iiur-i^oses, in which petrol, | ' JTTf 

vapour and air form the .. ..J 

(tombustible mixture. They 

are made in four and two- * v!/ y 

stroke cycle types. 'I’he | if\l 

first -named is the same as i '§ E i 

that already explained. In I it\ j 

the second the o))erations [ ^ 

are as follows : The mix- 

tiire of jietrol va|»our and cLtA-iiu ^ •' 

air is first drawn into the *. 

crank chamber, or into a f 

separate pump cylinder, h 7/ 

It is compressed to about ([ 

5 lb. per square inch, and 

is introduced into thecylin- i zjM 

dor at alx)ut tlie yxTiod of ; 

the termination of the out- \ V 

stroke.* It is compressed \ \ 

by the in -stroke, and is \ 

ignited by an electric \ ^ 

spark. The charge expands \ 

and drives the piston out- 

wards, and the products 

of combustion escape *' ■— 

through ports in the cylin- 

^ . « OT -WTwrTv ovr^mrrx’KT %. T x 


of an engine of similar ty]ic, but hiving six 
cylinders. The drawing shows a (i in. by 8 in. 
cylinder engine. In this, A indii ates the cylinders, 
water- jacketed ; B the trunk jiistons, with spring 
rings ; C the connecting rods, which are steel 
stampings ; 1) the crankshaft, machined from 

one piece, from steel liaving a tensile strength of 
30 tons lU’sr square inch, with an elongation of 
27 fKT cent. The crank]iins are set at 

3 an angle of 180^. The crank casing E 
is made of cast iron, or aluminium when 
S]>eeial lightness is required. It is com- 
pletely enclosed, is fitted with doors, 
and the cylinders are registered into and 
bolted on it. Lubrication 
I ! - i of this engine is of the 

A A s]>lash system, but a pump 

I <J> /j and forced lubrication is 

r j//; f „ , , 

11 . If' --- fT) front of the photo- 

'r ^ 1/ I 

I \ ^ lower right-hand end the 

carburetter is seen, with 
4 — ' the air inlet and throttle 

— Til''- \ ^ leading to the supply pijKjs 

\ the cylinders. The 

carburetter consists of a 

body in which tlie incoming 

Mip J sucked by the 

i motor, rushes past a nozzle, 
I I from which the j)etrol is 

; / drawn out in a spray and, 

/ volatilising, passes thence 
TJl / through the throttle. In 

— ^ * / F is the inlet piiM» iu the 

cylinder, and G is the inlet 

valve. The exhaust valves 

' are on the opposite side of 


t—- 


dcr wfxlls. The two-stroi:o END SECTIONAL elevation op so-h.p, enoine tiie cylinders (compare 
design has the advantage (Daimler Motor Co,, Lui ) with the plan view'). The 


of simplicity of construction, but consumes more 
fuel than the four-stroke cycle does. The heat 
generated is probably about 1,800° F., which renders 
water- jacketing or air cooling necessary. 

Figure 98 illustrates one of the yiotrol engines by 
Messrs. John T. Thornycroft & Co., Ltd., of Chis- 
wick, for marine use. Many details which are not 
shown here may be observed in the photograph [ 92 ], 


valve rods H arc actuated from the cam shafts J, 
operating hard p.teel rollers on the tappet shafts. 
These cam shafts are driven from the crankshaft 
through the gears K, K, from the smaller gear L on 
the crankshaft, and oi)en and close the valves once 
for each two revolutions of the flywheel. The 
valves B are lifted by the cams against the i)ressure 
of tlie springs seen encircling the rods, which springs 
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98. PLAN or so-H.r. petrol en<une 


the crankshaft outruns the 
chain wheel, and centrifugal 
action causes the ratchets to 
fly out of contact with the 
ratchet wheel. The starting 
handle thus becomes stationary, 
and the ratchets being out of 
contact with the wheel, tlmre 
is no noise caused by their 
rubbing over the teeth. 

A S)-h.p. Daimler motor, 
designed for a car (Daimler 
Motor Co., Ltd., Coventry), is 
shown in M, 97 and 98, lettered 
as follows : A indicates the 
cylinders, B the pistons, C the 
connecting rod, D the crank- 
shaft, and E the base chamber. 
S indicates the vaporiser, T 
the vapour pi])e leading to the 
induction p.irts of the cylinders, 
and U the pipe for carrying 
away the exhaust gases. 

It will be observed that the 


close the valve.s after the full of the cam has passed. 
From one of the cam shafts the governor M is 
driven through bevel wheels. The luethod of its 
eonneetion with the throttle, on which it acts 
directly, is setm in the photog. aph. The method of 
firing is by means of a low-tension magneto system. 
The |)ormanent magnets are seen at the left-hand 
end of the photograj)h, just l>elow and in front of 
the governor. The lower ends of the magnets carry 
two pole-pieces. Within these there is a fixed arma- 
ture, and Vxdwecn them a soft iron shield or sleeve 
rotates. The sleeve has two slots cut in it at opposite 
sides, leaving two o])en .s])aces of about fK)°, The 
armature is wound with insulated cop|>cr wire, 
and the lines of force Acci/Mvmros N 0 .f 

that cut the armature ^ fiTjni fjTTl 

coils vary from nothing i 4 IIInliliF !»-' 

to maximum, and ^ 

maximum to nothing 1 [ |||!|’ riilljj J 

twice in a revolution. ^Illinlll irp 

Four simrks are thus made ix^r 

, ^ ‘ ,AUSSdlSSlk. 

revciution. In another tyi>e ^ 

the armature rotates instead 

of the shield. The sparking 
])lugs are screwed into the 

eylinder.s at a, close to the 

inlet chamber, connected with 

the magneto by the wires h. re^stoN » ~ 

A contact-breaker placed 

dose to each plug is o|K:rated gg p, WiRiNt 

by a cam and a vertical rod. i,,^,TroN (lMi.nl 

N IS the starting handle con* 


LUiiii 

^ccvMmjiroR no. z 
^Amsdisaik..^ 


HtQH TENSION » • 
LOW . ■ 


PLAN OF WIRING FOR ACCUMULATOR 
IGNITION (iMimler Motor Co., Ltd.) 


cylinders are cast in pairs, and Ava ter- jacketed. 
The connecting rods are of H section, and the crank 
chamber is cast in aluminium. The induction and 
exhaust valves — which are interchangeable— arc in- 
dicated at Fl and F2 respectively, and are actuated 
by the cam shaft (f and tajipet and roller n, the 
spring H pulling the valve down on to its seating as 
the cam ]>roje<*tion passes the roller a. The cam 
shaft is driven by the usual half-s|>eed wheels. On 
the side of the cylinders, opposite to and running 
parallel with the cam shaft, is the lay shaft L, which 
drives the magneto M and the gear pump N. It 
may be mentioned that the magneto is fitted as an 
alternative source for the supply of current to the 

- - — s])arking ])lugs, and is entirely 

rpn 1 inde]X)n(lent of the ordinary 

high-tension circuit with 
* * * * * induction coil and aeciimula- 

tors as de]ucte(l in 99, wdiich 

oiiT^ur^Q y — illustrates the method of 

wiring; also the plan of the 
_ distributor case J with the 
Q cover removed, showing the 

^42^ block 0, which is in contact 

with and rotates between the 

J brushes P, and thereby 

_ inakes and breaks the low- 

tension or primary current. 

VwiLifUiL The distributor block O is so 
•OR ACCUMULATOR designed that the distribution 
Motor C<.., Urt.) "f "e'-ondary or high-ten- 

Sion current to the insulated 


nccting its shaft wdtli the crankshaft by pitch 
chain jiassiiiy over wher Is (j, P. Q is the free- 
wheel clutch. It is comjiosed of a pair of raUhets 
wliich are carried on the casing round the 
clutch, and which in its turn is connected to the 
crankshaft of the engine. The starting chain wheel 
is attached to the ratchet whexd, which engager 
with the ratchets in one direction only. When it 
is flesirod to start the motor, the starting handle, 
and consequently the chain wlieel, is turned, 
r.nd drives the crankshaft by means of the ratchet 
w'heel and ratchets. As soon as the engine fires 


plugs Q, and thence to the sparking plugs R, 
synchronises with the oj^ening and closing of the 
primary or low-tension circuit. The distributor 
ease, which, under normal conditions, is stationary, 
can, for the purpo.se of advancing and retarding 
the timing of the sjiark, be rotated on its own axis 
through the required angle. The vertical shaft, to 
which the distributor block is keyed, is driven 
by means of bevel gears, K, K, off the end of the cam 
shaft. Ball bearings are fitted at each end of the 
vortical shaft. The approximate weight of the abovo- 
descriliexi engine is h cwt. 


Prime Movers concluded ; followed by Steam Boilers 
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By HERBERT J. ALLPORT. M.A. 


44. Case Two of Solution of Tri- 
angles. Given one side and two angles, say 
fl, B, and C. Since the three angles of a 
triangle equal 180°, we have A = 180°~B-C. 

* . sin A sin B i. i a • sin B 

Again, = — , so that h= . — . 

a b sin A 

Similarly, c = 

sin A 

These two equations give the values of h and a. 

Adapting these formuhe to the use of logar- 
ithms, we have 

log6=log''.:«-‘!L5 
^ sin A 

— log a -f log sin B - log sin A 

— log a + (L sin B — 10) — (L sin A — 10) 
or, log h — log a -f L sin B - L sin A, 

Similarly, 

log c = log a -f L sin C — L sin A. 

4f5. Case Three of Solution of Tri- 
angles. Given two sides and the included angle, 
say and A. We have B+ C= 180° -A, 
which gives the value of (B 4- Then, from 
Article 40, 

B-C h^c .A 

tan — --= , cot . 

2 b-\-c 2 

This giv’es the value of , and therefore 

of (B~0). Having obtained the values of 
(B-hC) and (B-C), the values of B and C 
can he found. 

11 ■ o b • Sin A. 

I inally, since . — -- = — , or « = 

sm A Hill B sin B 

we obtain the value of a. 

To arrange the method for logarithmic work 
wc p: oceed thus : 


log tan 


* 

tan 
B- C 


C Z)-c , A 

- = ; - cot . 

h+c 2 


= log (h - c) - log (b + c) + log cot ^ ; 

or, adding 10 to each side of the equation, 

L tan ^ = log (b - c) - log (b + c) + L cot 

2 2 

And, as in Article 44, from a = - we get 

sin B 

log a = log 6 + L sin A — L sin B. 

46. Case Four of Solution of Tri- 
angles. Given two sides and the angle oppo- 
site one of them, say 6, c, and B. 

sin C sin B 
Since, “ 


sin C = 


b ’ 

c . sin B 


0 ) 


0 can be found from this equation. Then, 
liaviiig found C, 

A=: 180° -B-C. 

The value of a is found, as in the last aiticle, 

from the formula a = ^ ‘ 

sill B 

47. The Ambiguous Case. In the case 
considered in Article 46, the solution of equation 
(1) gives the value of the sine of C. Now, when 
C is an angle of a triangle, and the value of 
sin. C is known, C itself may have tico values, 
one of them being less than 1K)°, and the other 
being between tK)° and 180°. 

Hence, there 'tatiy be tvo triangles in which 
/>, c, and B have the given magnitudes. Whctlier 
this is so may be decided as follows : 

1. If B (the given angle) is greater than 90°, 
C must be less than 90°, .‘•ince any two angles of 
a triangle must be together less than two right 
angles. Thmefore, when B is greater than 90°, 
there is only one triangle which satisfies liic 
given conditions. 

2. When B (the given angle) is less than 90°, 
four things have to be considered. 

(i.) Is b less than c.sinB? If so, then, 
since sin C ~ the value of 

sill C is greater than 1, which is im- 
possible [Art. 15], III this case there 
is no triangle wliicli satisfies the given 
conditions. 

(ii.) b may be eynal to r . sin B. We should 
then have sinC -=J, and therefore 
C -1 90°. In this eas?, then, there is 
only o7ie triang] 

(iii.) If b is greater than c . sin B, but less 
than c, then B is less than 0 [Geometkv, 
Prop, 21], and therefore C may be acute 
or obtuse. Hence, C may have either 
of the values ^und from the equation 

sin C = find there will then 

b 

be tv'o triangles satisfying the given 
conditions. '^Fliis is the amiiijuous case 
in the solution of triangles. 

(iv.) If h is equal to or greater than r, then B 
is equal to or greater than C. Hence, 
O must be an acute angle, and there- 
fore there is again only one triangle 
satisfying the given conditions. 

48. We shall conclude with examples illus- 
trating each case in the solution of triangles. 

Kx AMPLE 1. Given that rt = 40, 6 = 51, c = 43, 
log 2= -3010*100, log 3= -4771213, 
log 67 = 1-8260747. 

T L iTJyiO 4 4/ -to// f\.CiaOA4t*4 
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Here, a+6+c= 40 + 61+43 = 134. 

» = 67, s - a = 27, s - 6 = 18, s - c = 24- 

Ltan —-10 


= iflog 16 + log 24 - log 67 - log 27} 

= , {1(^' 2* + log 3 + log 2» - log 07 - log S'*} 

= |{4 log 2 + log 3+3 log 2 — log 07 — 3 log 3} 
= |{7 log 2 — 2 log 3 - log 67} 

= 1)2 1072100- •0542426- 1-8260747} 

= |{2-1072100 - 2-7803]73} 

= -J{ •6731073) = - -3.305536= 1-C6;14464. 

. L ton =4t •66:14464 


= L t.iii 24° 44' 13". 

.'. A = 2 X (24° 44' 13") = 49° 28' 26". 

Example 2. In the triangle ABC, the Vmso 
AB is 1,0(K) ft. long, and the angles at A and B 
are 31'^ 20' and 125'^ 10' respeotivel 3 \ Find the 
length of AC. 

We are given A, B, and e. 

First, C == 180° - 81° 20' ~ 125° 19' 

— 21 ' 

Again, 

log b =. log r -f- L sin B - L sin C 

= log BXH)4- L sin 125° 19'~L sin 23° 21' 
= log 1000 -f- L sin 54° 41'- L sin 23° 21' 

== 3+ 9 -91 10739 -9*5980754 
== 3*3135985 
= log 2058*725. 

Thus, ■ AC = 2058*725 ft. 


Example 3. Two sides of a tnangle being 
2205*4 ft. and 1779 ft., and the included angle 
being 58° 17', find the remaining angles of the 
triangle. 

Suppose h — 22(i5'4, »■ — 1779, and A — 58° 17'. 
Then, B-l< C^= lHlC-r>8° 17'^ 121° 43'. 

Again, L tan —1.5, 

2 

= log (b — {•) - lug (b -f- r) -f- L cot -~ 

= log 480*4- log 4044*4 -i- L cot 29° 8' SO'' 

= 2*08<>993f;- 3*6068541 + 10*2537195 
= 9*33:^8590 
= L tfin 12° 10' 2r. 

.-. 5^ = 12° 10' 21" 

ind (B-C)-= 24° 20'42'. 

But (B + C)= 121' 4:{'. 

2B = 146° .3' 42' 
md 2( '= 97° 22' 18". 

Hence, B = 73° 1' 61" i , 

C= 48° 41' 

Example 4. The lengths of two sides of a 
riangle are 5374*5 ft. and 1586*6 ft. ; the angle 
opposite to the shorter side is 15° 11'. Calcu- 


late the other angles of the triangle, or of the 
triangles, if there are tw*o. 

Suppose 6= 1686*6 ft., c= 5374 5 ft., and 
B=16°ll'. Then, 

L sin C = log r. L sin B ~ log 6 

= log 5374*5 + L sin 15° 11' — log 1586*6 
= 3*7303381 + 9 4181495 - 3*2004674 
9*tl480202 
- L sin 62° 31' 23". 

/. C = 62° 31' 23", 

or 180° - 62° 31' 23" =117° 28' 37'. 

And 6 is less than c, therefore both those 
values are admissible. 

Thus there are two triangles. 

(i.) B = 15° 11', (ii.) B = 15° 11', 

C = 62° 31' 23", C = 117° 28' .37', 

so that A - 102° 17' :17". A = 47° 20' 23". 

Example 5. 

Given that C = 52° 10', 6=643 yd., c = 872yd., 
find the other angles. 

L sin B = log 6 + L sin C - log r 

= log 643+ L .sin 52° 10'- log 872 
= 2*8082110 + 9 8975162 - 2*9405165 
= 9*7652107 
= L sin 35° 37' 7". 

.*. B = 35° :17' 7", 

or, 180° - .35° 37' 7" = 1 44° 22' .5:1". 

But 6 is less than c, therefore B must he less 
than C. Hence, the second value found for B 
is inadinissihle. 

Thus B = .35° .37' 7", and 
A = 1 80° - .35° .37' 7' - 52° 10' = 92° 12' 53'. 
The above examples, with the exception of 
Example 1, are woiked direct from the Tables 
of Ijogiirithms. As already mentioned, the 
method of finding the logarithm, corresjamding 
to a given number or trigonometrical ratio, or 
the number or angle corresponding to a given 
logarithm, is explained in the Imok of logaritluns. 

49. Text RooKs. For the student who 
-wishes to go further into IMathematics the fol- 
loiring textbooks can Ih) recommended. 

A lof.br A. — “ A Treati.se on Algebra,” by 
Charles Smith (7s. 6d. Macmillan it Co.) ; 
“Higher Algebra,” by Hall and Knight. 
(7s. 6d. Macmillan it Co.) 

Geometry.- “A School Geometry.” Hall 
and Steven.«. (48. 6<l. Macmillan & Co.) 

Tiu<ajNOMETRY. — “ Plane Trigonometry.” 
Todhuntcr and Hogg. (5s. Macmillan & Co.) 

Conk; Sectk>nh — “GeometriwAl Conics,” 6s., 
and “Conic Sections,” 7a. 6d., both by Charles 
Smith. (Macmillan & Co.) 

“Differential Calculus for Beginners.” Joseph 
Edwards. (4s. 6d. Macmillan it Co.) 

“Integral Calculus for Beginners.” Joseph 
Edwards. (4s. 6d. Macmillan & Co.) 


Tbioonometry concluded 
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A CONCENTiUC cible [4| consists of a prime 
central conductor, an insulation covering, a 
second conductor outside the insulation, a second 
insulation on top of the second conductor, and a 
protective covering. The second conductor is in 
I he form of a copper wire ring, which is con- 
centric with the prime conductor. The insula- 
tion in this make of cable is usually of paper 
or jute. The reason for this is that the 
second conductor could not bo well applied 
on a soft indiarubber insulation before vul- 
(•anisation, because it might cut through tho 
plastic substance and cause a fault. Further, 
if the first insulation were vukainised before the 
second conductor were added, the second insu- 
lation would have to be vulcanised, and while 
this was being done the first insulation would be 
vulcanised again. This would destroy all the good 
])roj^H‘rtics of the first covering, and cause it to 
crack when bent. 


Making Concentric Cables. In the 

making of cone?ntric cables, the first process is 
the making of the central stranded conductor 
by means of the stranding machine, as already 
mentioned. The conductor is taken from the 

stranding machine to the pHj>er-lapping machine, 
whore it receives a covering of several layers of 
strong manilla jiaper tape. This is applied by 
being spirally wrapiicd round 
the conductor much as though 
the tapes were wires being 
stranded round the core. 



CONrENTRlC CABLE — LEAD COVERED 


Each layer of jiaper is wrapped on in reverse 
spiral, for the reason stated, with rubber strijis. 
The ])aj>er-covcred core is now placed in a hot- 
air (diambcr, heated to about 250", to drive out 
ail iiiuisture. Since the paper will again absorb 
moisture from the atmosphere if left about, it is 
at once taken to the tanks containing a special hot 
resinous comyiound. The pajier is thoroughly 
impregnated with this compound until it is practi- 
cally waterproof. At the same time, the compound 
adds a little to the bettor insulation of the cable. 
From the tanks the cable is again taken to the 
stranding machine, where it receives its second 
(‘onductor. This requires careful npyilicat ion. since, 
when it is on, the wires forming it mu.st have a 
combined sectional area equal to that of the prime 
conductor, because both will have to carry the same 
amount of current with the same amount of re- 
sistance. If the sectional area differed, the smaller 
conductor would offer more resistance than the 
greater to tho passage of the same amount of 
electricity. This would cause waste of current 
and more heat in the circuit, therefore both 
conductors should bo of the same sectional area. 
Tho second insulation is now applied by the 
wrapping, drying, and impregnating yiroccsses 
as before. 


Lead Covering. With a moisture-absorbing 
material like ])ay)er a watrrf)roof covering is neces- 
sary; therefore, as the cable comes out of the com- 
pound tanks for the second time it is taken to the 
hydraulic lead press to be encased with a hm<‘ 
sheathing. The method of applying this has been 
much discussed among cable-makers, some pre- 
ferring to put on the lead at a high tcm])erature 
with low pressure, and others at a lowei 
temperature with high pressure. 

In Ihe former method, the lead is very liable to 
small air boles, or ])ores, and the thickness of the 
sheathing is not usually the same all the way 
round. In the second method, owing to the in- 
crea.sed pressure, porosity is less likely to occur, 
and the thickness of tho covering is more smoothly 
and evenly maintained ; hence the high pressure 
])rocess is now becoming general. At the hydraulic 
pr<‘ss the cable jiasses tlnough the centre of a die, 
through which the lead is forced at the same time 
under very great pressure and at a temperature 
well below melting point. This gives the cable a 
closely-fitting protective sheathing against damp- 
ness and mechanical injury. With the lead covering 
on, the cable is ready for testing. In connection 
with these ymper-insulated cables, tho great diffi- 
culty is to prevent dampness getting to the insula- 
tion, because dampness not only conducts electricity, 
but also quickly rots the paper and causes a fault. 
When a fault occurs, there is no telling what may 
happen, so that it behoves makers to .see that the 
cable is sound l)efore it leaves the works. 

Testing Leadacovered Cables. The 

testing of lead-covered cables is rather difficult 
to conduct in a satisfactory manner. The cable 
is first placed in water-tanks, and left there for 
about twenty-four hours, the ends l>eiiig care- 
fidly kept out of the w.ater, because they are 
not fully protected against dampness. W’^hen the 
test for insulation resistance is made, the ends 
are carefully prepared to prevent surface leakage 
bj" being coated over with an insnhting com- 
jioiind. Both the waterproof and the insulation 
rcsi.stance tests are very similar to those for india- 
rubber insulated cables. It will tje noticed that the 
concentric cable is not tested ns soon as the insula- 
tion is applied, ns the single cable was, and the 
reason for this will be readily understood when it 
is remembered that the chief idea right through the 
procc.ss of making the cable is to prevent dampness 
in the pn)>er. 

The unsatisfactory part of the testing when 
the load covering is on is this : owing to the 
method of application, there is always the j^ssi- 
bility of weak places occurring in the lead. These 
will withstand the tests when the cable is newly 
made and before it has l)een w^oimd many times on 
a drum, but very soon after it comes to be wound 
and unwound in the process of laying, the weak 
places break dow'n, and when next the electricity 
is sent through there is a fault shown. After the 
testing the cable is ready for use. Since lead soon 
decomposes wdien laid in the ground, this class 
of cable is usually laid in conduits. The concentric 
cable, having two conductors, may be used alone. 
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Twin Cable. This is called a twin cable [5] 
because it haa two similar insulated conductors 
bound together under one protective covering. 

The two conductors 
are stranded separ- 
ately at the machine, 
and each is sepa- 
rately insulated by 
indiarubber, bitu- 
men, or paper. 

As the conductors 
are usually small in 
twin cables, they can 
generally receive 
their insulation, if 
of indiarubber, at 
the longitudinal 
5. TWIN CABI.E — DOUBLE- machine. If bitumen 
STEEL TAPE ARMOURED paper is used, the 

insulation is applied 
by the wrapping process. After receiving the 
insuLition of indiarubber, the cables arc tested in 
a !nanner similar to the single indiarubber cable. 
Up to th? testing process the two conductors aro 
treated as separate cables, but from this ]K)int they 
become as one. If they withstand the tests satis- 
factorily, they are placed side by side and closely 
packed round with broken jute, usually impregnated 
witli lesinous or tarry coinpoiinds. A stout jute 
braid is then applied round the packing to keep it 
tightly in its place, and to make a solid core around 
which a lead covering or wire armouring may be 
laced. Before the armouring is applied, the 
raided cable is passed through the serving tanks t-o 
receive its covering of compound, which acts as a 
preventive against dampness. The lead covering 
is also put on for this purpose, but it further acts 
as a mechanical protection. 

Triple Concentric Cable. This [61 is 
go called on account of the three concentric con- 
ductors which are enclosed within its armouring. 
It eon ists of a central conductor, a first layer of 
insulation, a second conductor in the form of a 
ring, a second layer of insulation oiit>«ide the 
ring, then a third conductor, again in the 
form of a ring of cop)K‘r wire, and a third 
insulation. As the insulation is usually of 

paper, for the reasons stated for tlic concentric 
cable, the usual ])rotectivc covering is the waterproof 
lead "heath applied by pressure. The stranding of 
the conductors, the wrapping of the insulation, and 
the pressing on of the lead are all done in the 
manner as described for the concentric cable. If the 
triple eoneentric cable is to be 
used for a three-wire system, 
th? outer conductor is usually 
made only one -half thes ee- 
tional area of eitlierof the other 
two. wdiich arc cxcactly alike. 


6. TRIPLE CONCENTRIC CABLE— LEAD COVERED 

Threescore Cables. This cable [7], as the 

name, implies, has three cores or conductors, each 
of which is separately stranded and insulated. All 
three are then bound together within one armour- 
ing. A sample of the three core cable before the 
writer is insulated with bitumen. To prepare this 
substance for insulation pur|)Oses, it must-go through 
a thorough refining j)rocess. Much difficulty was 
at one time experienced in getting this material 
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into such a condition that it was neither so 
brittle as to crack when bent nor so soft 
as to allow the heavy conductor to become 
decentralised when insulated with it. After the 
refining process the! bitumen is compounded with 
chemicals, one of which is sulphur, and 

rolled into thin sheets. These are cut into 
nar-ow strips, which are wrap'j)ed spirally round 
the conductor, after a lapping of paper or india- 
rubber-covered cotton tape has teen ap})lird on 
the copper to prevent the sulphur in the bitumen 
from tarnishing it. The process of vulcanisation 
is the snmo as for indiarubber, and it is 
done for the puri>ose of adding strength and 
flexibility to the compound. Each conductor is 
generally of the same size, and insulated with the 
same tliickness of material. When the insulation is 
vulcanised, the three cores arc placed together and 
tightly packed round with jute soaked in oily or 
bituminous comj)Ound. A strong braid surrounds 
the pac*king. and on the outside of this the armour- 
ing is placed. Thi.s may take the form of galvanised 
iron wires, steel tapes, or lead sheathing. If steel 
tapes are used, they are applied by the steel taping 
machine and laid on in two spiral layers. The 
second layer is wound over the joints of the first, 
so that there is no joint .showing right through 
the steel covering. Steel ta]>es are an excellent 
form of mechanical protection, as they are flexible 
and will withstand a lot of rough treatment- 
vrithout injuring anything underneath them. A 
covering of strong braid is usually placed over 
the steel ta}>cs to protect 
them from rust, and to help 
to keep down the strain due 
to their springy nature. 



7. SEVEN-STRAND THREE-CORE ARMOURED CARLE 


Joining Cables. In the above descriptions 
only single lengths of cable have been dealt 
with, VVhen a long cable is rctpiired, several 
of these lengths have to be joined together. 
The joining ojHJration is very difficult, and much 
care must lx* taken in order to make a sound 
job. In tlie making of a joint the considerations 
to l)C borne in mind are that the joint should offer 
a resistance as near as possible to that of any 
other part of the conductor, the insulation about 
the joint should be as s jund as any nth t p )rti;>n 
of the cable, and ih ^ joint shoul 1 be strong enough 
to withstand a certain amount of rough usage whi h 
it is sure to receive when being laid. The method of 
making the joint varies somewhat with the style 
of cable being joined. A common way of fastening 
together two lengths of small size cable (siy. 
nineteen strand) is by what is known as the married 
joint [8j. To make this the conductors aro stripped 
of their insulation fora short distance from the ends 
about to be joined. The bare conductors are tlien 
bound round with a few turns of thin copper 
binding wire at the place where the insulation ends. 
This is to keep the strands in place while the outer 
wires are bent back so as to disclose the central 
strands of seven wires. These are soldered up solid 
for some distance and then filed into a long bevel 
so that when placed together there will be a fairly 
large surface of each in contact with the other. 
The two ends are then held together while they are 
tightly bound with binding wire. The joint is then 
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soldered over and filed do wii smooth. The wires 
should be thoroughly cleaned before joining so that 
the solder will run well on them. The outer wires, 
which have been bent back, arc now cut off at suit- 
able lengths, alternate ones of each conductor 
being cut long and short. These are then butted 
together so that a long wire from one side butts 
against a shqrt one of the other, and molten solder 
is poured over the joints, after binding wire has 
been wrapped over them. Figaro 8 shows this joint. 

The solder is filed down to smoothness so that there 
will bo no sharp projections which might pierce the 
insulation. The reason for cutting off the outer 
wires in altc^mate long and short lengths is to 
avoid the overlapping of the wires and to make 
the finished joint as nearly as possible the same 
thickness as any other portion of the conductor. 
If the conductor is a very small one (say, of only seven 
wires), it is usually joined by one joint in a similar 
manner to the central strand as described above. 

The Telescopic Joint. Another simple 
way of joining small cables is by the tele-cope 
joint as shown in 9. To make this the con- 
(hietors are strip})ed of their insulation for a 
short distance and then bound with wire as l^efore. 
The outer wires of one conductor arc then cut off 
at the binding, and the inner strand of the other is 
cut off at its binding. The outside wires, H, now 
remaining are laid u]) in position again so that they 
form a hollow cylinder intx) which the ])rojeciing 
central strand, A, of the first conductor, after being 
soldered uj) solid, . is inserted. The end of the 
hollow cylinder touches the binding at which the 
outer wires wore cut off. The whole" joint is tightly 
bound with wire, and then soldered over and filed 
down smooth, after which it is ready for insulating. 

In the concentric cable the inner conductor is 
joined by the single or married joint, according to 
size, and then insulatt^d, the outer wires, or the 
second conductor, having been turned back out of 
the way. A sleeve of clean cojipor is usually }>laeed 
over the joint on the outside of tJie first insulation, 
and on the top of this sleeve the second conductor 
is married, bound, and soldered as mentioned 
before. In joining concentric cables great care 
must l)e used so tliat the first insulation shall not 
be damaged in any way during the process of 
joining the second conductor. The second in- 
sulation is applied and then the protective covering. 

Joint Hoxes. Large cables are usually joined 
in specially mode joint boxes filled up solid with 
compound to make them watertight and to improve 
insulation. 

When joint boxes are not used the insulation of 
the joints in cables is a very difficult matter, ns will be 
readily understood when it is stated that these are 
tlie places in which \he conductor will offer most 
resistance and consctpieutly generate most heat. 
Further, the insulation will have to be tightly and 
soundly applied without any of its properties being 
impaired in any waiy. There are two ways of re- 
insulating the joints in indiarubber-covered cables ; 
one by means of pure indiarubber, and the other by 
vulcanising indiarubber. The jmre indiarubber joint 
is made by stripping back the tapes and braids so 
that they will lie clear of the part to be reinsulated. 
When the indiarubber is thick enough the surface 
which has been exposed during tlie making of the 
copper joint should be trimmed dowm to the con- 
ductor in a long bevel. 

This will expose a new, clean surface, to wdiieli the 
pur© indiarubb?r strip about to be applied will stick 
Dett-er. If the copj>er joint is clean and smooth, 
the pure indiarubber strip is wrapped tightly and 


evenly round it, and over the beveJled surfaces, 
until a thickness equal to, or slightly greater 
than, that of the old covering is obtainea; Strong 
tapes are then soaked in compouiKl and tightly 
wrapped over the strip, and for a 'short distance 
over the original braiding. The whole joint is then 



8. MARRIED JOINT 


painted over with resinotis, water-resist jug com- 
pound. Whtm the india!ubber insulation is not thick 
enough to be bevelled down, the new rubber maybe 
lapjxnl for about an inch or so over the old, which 
ought first to bo well scraped and cleaned to remove 
all grease and dirt. This kind of reinsulation of 
joints answers all practical purposes in indoor 
low-pressure circuits where little moisture penetrates 
and little heat is generated. 

Joining Cables Out of Doors. The 

making of a vulcanised indiarubber joint out of 
doors rerpiires sjx'cial apparatus, since it is pr.aeti- 
cally impossible to carry about with one a steam 
generating plant and vulcanising pans. The molten 
sulphur bath is probably the most satisfactory 
j)ort4»bIe vulcaniser for o\itside work. The bath may 
consist of a strong, cylindrical box. made in halves, 
and flanged so that they be bolted together to 
enclose the joint. The upper half contains a hole 
througli which th^' molten sul])hur is poured, and 
through which a thermometer is placed so that the 
tem]K*r<it ure of the suli>hur can l)c road. The bottom 
half contains n tap. through which the sulpluir is 
run out after the process is over. When the box is 
screwed up with tlie joint inside, the openings 
tlirough which the cable ])assos are packed with 
common rubber to protect the insulation from the 
heated flanges. 

The preparation of the joint for the insulation is 
similar to that described above. When the bevelled 
edges have been cleaned, a la})ping of j)urr india- 
rubber strip is tightly applied so that it just over- 
laps the thin edge of the bevel. On the top of this 
the strips of vulcanising indiarubber are firmly 



9. TELESCOPE JOINT 

wrapped until the insulation about the joint is the 
same diameter as any other portion of Uie cable. 
The tightness and evenness of wrapping are essen- 
tial to prevent small air spaces being left between 
the layers of insidation. A spiral wrapping of india- 
rubber-covered tape is placed over the vulcanising 
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rubber, and in order to keep the inaulation in shape, 
and under pressure, a piece of sheeting is tightly 
rolled over the ta|)e so as to form a longitudinal 
scam. On this a spiral wrapping of strong unpre- 
pared tajje is ap]>lied. The sheeting and unprepared 
tape merely act as a mould while the joint is being 


The trough may be tested by passing a currens 
through an electrometer until a steady deflection it 
obtained. The battery is removed and the electro- 
meter connected to the trough. A decrease in the 
deflection of the instrument takes place, but if this 
decrease is only very slight,, the trough is sufficiently 


vulcanised. As soon as the process is 
over both are removed. The sulphur is 
tnelted over the fire used for heating 
the soldering irons, and is }X)ured 
through the top hole in the box. The 
temperature is maintained by placing 
spirit lamps under the box. It is advis- 
able to heat the box first so that the 
temi)erature of the sulphur will not be 
greitly diminished when it comes into 
contact with the metal. After the 
sulphur has been kept at the pro}>er 
temi)erature lor the recpiisite time, it 
is run out, the box is unbolted, and 
the joint allowed to cool. The opera- CABLE LAYiNtJ 
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well insulated for testing purposes. 

Cable Laying. When the joints 
are tested and found sound the finished 
cable is ready for laying. The cpiestion 
of whether the cable should be laid under- 
ground or overhead is soon decided. In 
England the only method allowed in any 
of the large towms is the undergrotind 
system, although under certain circum- 
stances, especially for the transmission 
of electricity over long distances, the 
overhead lines may havedecided advan- 
tages. Overhead wires are chiefly con- 
fined to outlying mining districts. There 
are many in South Wales. The several 


tion is over. A rough test for the 
degree of vulcanisation may be made by i»ressing 
the indiarubber, when cool, with the thumbnail. 
If this leaves no mark, the rubber may be con- 


ways of laying cables underground may 
be grouped into two classes; (1) the “built-in,” or 
“ solid ” system and (2) the “ drawn-in ” system. 
Figure 10 shows a lead-covered cable laid on the 


sidered to })e correctly cured. If a mark is left the 
indiarubl)er is probably under-vulcanised, and if 
the substance feels hard and .solid so that the nail 
makes no impression, over- vulcanisation has prob- 
ably occurred. Tlie vulcanised joint is jirotected 
by strong tajx's and braid, which overlap for a .short 
distance the original braid on the cable. Joints in 
bitumen- insulated cables are made in a similar 


solid system, and 11 shows a cable laid in a conduit 
in the “drawn-in " system. 

Access to built-in cables, when one.' they are laid, 
can he made only by 0 {)ening up the ground, whereas 
in the drawn-in system, the cables, lying as they do 
in conduits, may be easily withdrawn into the nearest 
surface box for in'»|)ection. fJreater mechanical pro- 
tection is required in the “ solid ” methotl than in 


manner to those described above, but the ])a]>er the “ drawn-in.” J'his is l>ecause the cables in the 


cables are more commonly joined in s]>ccial joint solid system are sometimes laid in the ground direct 

boxes, which are watertight and tiike the place of fl2]. The armouring may consist of steel tapes, 

lead covering, or iron wire.s, or the cables may be laid in troughs 

Testing Joints. When the joints are com- of wood or iron, tilled up solid with compound, 
pleted, they should be tested to see that their iSometimes broad tiles are placed just above the 

insulation resistance is not much different from cables to give warning to workmen when opening 

that of an equal length of continuous cable. There the ground that the cable is at hand. Precautions 

are several ways of testing joints, but a simple are then taken that the pick or spade is not sent 

and effective one is known as the accumulation through the cable’s insulation. In these troughs a 
method. The joint to be tested is placed in good plan is to lay tlie cables on small bridges of 

water contained in a trough which is thoroughly wood, as shown in 10, before filling up with the 

insulated by being raised from the ground on compound or as]»halt. 

blocks of insulating material. Whichever of those ])lans is adopted, the cables 

The trough should lx tested before proceeding must be laid while the ground is open, and this is a 

with any other tests. The length of cable containing great inconvenience to traffic if the laying hapjxns 

the joint is conrie< ted to one |»ole of a battery, the to be in a very busy thoroughfare. Further, the 

other pole of which is connected, through a condenser, road authorities allow only a certain length of trench 

to the wfiter by a wire, which is not '-.■jynrm- o]>en at one time, and this is 

allowed to touch the cable. The often a hindrance to rapid laying, 

current passing through the insu- When a length of trench is prepared, 

lation of the joint escapes through j the drum containing the cable is 

the water and along the wire to niountcd on a trolley and wheeled 

the condenser. This is then dis- along the side of the trench so that 

connected from the trough and fc.;* pays off the cable, which is laid 

roiinected to a galvanometer, } in place in the trough. Hot com- 

tlirough w hicli the condensed or ' rd^'j pound is then poured over it. The 

accumulated current ])asses, and trencdi is filled up, and the surface 

gives a deflect i<)n. 'J'he joined repaved. 

length of cable is removed and a Drawn-ln System of Lay- 

fontimioiis piece substituted; the In the “drawn-in” system 

condenser is again connected with necessary to go to the 

the t’ough and again collects the H. CONCENTKIC CABLE LAID IN expense of strongly armouring the 


current passing through the resist- STONEWARE CONDUIT cables because they are provided 

ance of the cable under te.st. with mechanical protection by the 

The battery is kejvt on for the same time in conduits into which they are drawn. The pijxs 

both casf‘s. The second neenmulated current is or conduits arc jJaced in the ground before the 

sent through the galvanometer as before, and if the cables are drawn into them, and when once they 

deflection obtained in the second case varies hut are in position the ground need not again be opened, 

slightly from that of the first, the joint may be con- For the purpose of drawing the hauling line through 

sidered satisfactory. the conduits, a wire is threaded tlirough each section 
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of them, as they are laid, and it is fastened in the and the “ drawn-in ” system has cast-iron pipes 

surface boxes. When the conduits are laid, the drum for conduits, then the cheaper method is probably 

containing the cable is conveniently placed on an the latter, as in this the cables are not usually so 

axle near the mouth of a surface box, and the end strongly armoured as in the former. After the cost 

of the cable is connected, by a smooth, strong, the convenience of access in the “ drawn-in system 

fastening, to the hauling line, which is then drawn strongly recommends this me hod, although it has 

through the conduits by the wire left for that several disadvantages. The conduits are always 

purT)Ose. The rope is then used for drawing in the liable to inblirations of water and gases, and if the 

cable. The length of cable which may be drawn in insulation is not perfectly waterproof, a fault may 

at one hauling depends partly upon the weight, of easily occur. Further, wherever gas collects there 

the cable but chiefly ux>on the straightness of the is always the possibility of an explosion. The con- 

condu ts about to entered. In town work the duits are usually connected with the drain pii^es 

lengths are usually short on account of the numerous so that the water may run out almost as quickly 

sharp bends encountered. When a bend is reached, a as it enters. In the solid system there are no spaces 

length of cable, sufficient to reach to the next surface in which gas may collect, and the insulation is usually 

box, is drawn tlu-ough and laid on the ground in waterproof, therefore the small amount of water 

long loops. The hauling rojw is drawn on as before, whi<*h may jojnetrate the compound around it 

and then the loops of cable gradually disa))|)ear may be ignored. 

into the conduits. The reason for raising the length Uses of Different Insulations. The 

of cable to the surface at the bend is to avoid the different kinds of insulations mentioned have 

friction and extreme tension which would arise from Iheir respective advantages and disadvantages 

the cable being drawn round a sharp corner. Even for special classes of work. For a material to 

in straight lengths of conduit the friction is very be a good insulator it should be moisture- 

great, and to reduce this as far as possible a coating resisting, because moisture is a conductor, and 

of whiting is often a])plie<l, as a lubricant, to the lowers the effectiveness of the insulation ; it 

cable. Sometimes a chain is drawn through the must be strong and tough, so that it can withstand 

pipes to clear away any obstacles which might in- the rough usage it receives in laying without 

crease the friction or tension on the cable that follows. splitting or tearing, and it should be flexible so 

If the conrliiits are smooth to begin . ^ ^ that it can be easily wound on drums 

with, and these precautions arc taken or bent round sharp corners under 

against friction, the possibility of ^ ground. Further, it is desirable that 
damage to the cable during the it should withstand a fairly high tem- 

drawing-in is reduced to a minimum. perature without being injured •f)cr- 

Conduita. The cost of conduits ' •. . . 'A : : . • ; • * Vi.: manen'ly, as heat is generated by the 

is a considerable item. When large- U n*- passage of the current along th^ con 
sized cables are laid, a separate way i. 1* V ductor, and it should l>c practically 
is usually provided for each one, al- unaffected by the acids and gases 

thougli smaller sizes may be drawn it is likely to meet when laid in the 

in in ])airs. This question of cost has earth. In high-pressure circuits the 

led many people to turn their attention insulation must be a very homogeneous 

to the manufacture of cheaper kinds of mass, because it has to offer great re- 

pij)cs which can be readily joined sistance to disruptive discharge. When 

together. Biick ciilverts are rarely an installation is found with all or 

used now because they take up much V'’*; most of these properties, the best 

space underground, they occupy a long 12. wire - .\rmou RED cable is that in which the cost, hulk, 

t ime in building, and arc very costly. ( able laid direct’ weight are least. O>od quality of 

Earthenware conduits, with two or indiarubber, properly applied, possesses 

three cable-ways, can be laid much " " " almost all these qualities : therefore, 

more (piickly and cheaply, and they are now manu- from a purely technical point of view it is 

factiired in a s)>ecial way so that the joints can undoubtedly the best insulator knowm. Its one 

be easily made. The disadvantage of earthenware great disadvantage is that it is ex|x*n.sive. 

pij)es is that they are very liable to fracture, and on Bitumen eom]»oiind is a fairly good insulator 
account of this other kinds are sometimes substituted. for low-pressure w ork, but as it cannot withstand 

Bituminous concrete conduits are often used miieh heat without softening, it is unsuitable for 

because they are fairly cheap. They are made in heavy current work, where a. large amount of heat 

blocks with two or more passages, and are joined is generated. Its resistance, thickness for thickness, 

together by inserting short mandrels in each passage is not tpiitc so good as indiarubber, but it has the 

of two blocks while hot bituminous compound fs ad vaiil.age of being cheap. OiittJi-)wcha has a com- 

poured into the joint and allowed to cool. When ])aratively low melting point, and is therefore 

the mandrels are withdrawn the compound has contined crhiefly to insulation of submarine cables, 

formed a joint between the two blocks, and the and underground telephone and telegraph wires, 

mandrils have kept clear the passages through which which work only at low pressure. The advantages 

the cables will be drawn. Cast-iron pipes are ex- of gutta-percha for these insulations arc that it is 

tensively used in connection with Post Office cables, thoroughly waterproof and lasting. Pa})er insnla- 

as they have been found to be the most satisfactory. tions are suitable for either high or low pressure 

Considerations in L»aying. In deciding circuits as they wdil withstand a fair amount of 

at any place whether the cables shall be laid heat without serious injury. Their disadvantages 

by the solid ” or “ drawn - in ” systems, con- are that the paper readily absorbs moisture and 

siderations arc given chiefly to the cost of the therefore always requires a lead or other variety 

cables and condirits. If the “ built-in ” cables are of waterproof covering, which adds to the expense, 

laid in iron troughs filled up solid with compound The paper itself is inexpensive. 

Electric Cables conduded 


^795 



Gro^ 9 

DRESS SHIRT AND COLLAR MAKING 

47 

Following on The Making: and Dressing: of all Kinds and Makes of Shirts. 

rxATUKRfi Drafting, Cutting and Finishing. Collar Making. Popular Styles 


By W. D. F. VINCENT 


pORTY or fifty yoars ago shirtmaking was 
^ one of the cottage industries of England. 
The general practice then was for the large firms 
who supplied the shopkeepers engaged in the 
drapery and outfitting trades to send round 
to the women of the villages and small towms 
of the country districts the cut-out parts in a 
range of sizes, paying at the rate of so much 
per dozen for the ordinary w'ork of making 
up. Specially good needlewomen, who could 
w'ork neat buttonholes and do the other parts 
of the w'ork exceptionally well, found this a 
good means of adding to the domestic income. 

The general adoption of the sewnng maf‘hine, 
and its introduction to the 
factory system of w'orking, 
brought about a change in this 
cUiss of w'ork. It ceased to 
be a home industiy in the 
sense of home-workers lieing 
employed to supply the 
wholesale merchant Tvith liis 
requirements. Big shirt fac- 
tories w'cre established in 
several districts, Devonshire 
and Belfast being the leading 
centres, the latter doubtless 
by reason of its being the seat 
of the Irish linen trade. 

London also has become an 
imporlant centre for the 
manufacture of linen shirts 
and what niay be called 
kindred articles, such as 
collars, cuffs, and the now' 
almost abandoned shirt-front 
or “ dickie.” 

Whether, how'cver, the 
goods are made at home or 
in the faetory% the principle of 
firoduction is practically the 
same. 

Cutting Out the Mate- 
rial. In the factory the first 
tiling is to cut out the material in the most 
economical manner. This is done by laying 
out a number of folds of tlie material to be 
used, and placing the various parts of the 
pattern, which are usually cut out first of all 
in tin or stout cardboard, and, after these 
have been marked round in pencil, cutting them 
out with a hand knife or band-saw' in as many 
thicknesses as required for the different sizes. 

Fi)r domestic or individual work, of course, 
a different plan is adopted, ]>ut it is equally 
important to an*ange the jiattern so as to use 
as small a quantity of material as possible. 

The various parts of the shirt having been 
cut, the body part from calico, and front, cuffs 
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and collar from linen, the supplementary parts 
have next to bo attended to, such as the under- 
lining for the cuffs, which is usually a fabric 
composed of a mixture of linen and cotton, 
and the backing for the fronts. The quality of 
a shirt is generally made to depend upon the 
fineness of the linen employed in making the 
front and cuffs, which is reckoned according 
to the number of tlireads to the inch, as counted 
through a magnifying glass specially made for 
the purpose. 

The various parts of the different kinds of 
shirts will ho seen by reference to the diagrams, 
and these are put together by the ordinary 
methods of sowong, the main 
object being to fit the body 
without causing discomfort at 
any part. 

The buttonholes should Ije 
very neatly worked, and a 
.sewing machine for working 
buttonholes is largely used in 
all shirt and collar factories. 
This ma(*liine, by means of a 
kind of cross -stitching, does 
tli(‘ sewing liefore the hole is 
cut. this being done by a 
chisel, or similar tool, after the 
shirt or collar has been finished 
and diessed — that is, starched 
and ironed. 

Great care should be exercised 
in seeing that the buttonholes 
harmorii.se as regards position, 
that the hole in the back 
of the collar be exactly 
in the centre, and that those 
of the cuffs arc proi>eriy 
balanced. 

Material for Shirtf. The 

material used for making shirts 
is a calico, in the trade 
termed longeloth, varying 
from 34 in. to 37 in. in width, 
the price ranging from o^d. to lOd. per yard — 
retail — according to quality required. 

The quantity of material required for two 
shirts with stiff fronts and wTists would lie 0 yd. 
longeloth, 1 yd. Irish linen for frontings, and 
IJ yd. of heavy interlining. The interlining 
might be of either linen or cotton. 

The wTisthands are usually made fourfold — 
which accounts for the extra length of intor- 
lirung — to resist the greater wear on them 
generally. Cottons Nos. 40 to 45, C-cord, w^ould 
be suitable for body making ; but for fronts, 
wristbands and buttonholes, tM), 0-cord, would 
he best. For needles, feingei’s* \ w^ould be 
found suitable. 
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The material for flannel day »hirt« varies 
from 3 yd. to 3J yd. These are, of course, easier 
to make, owing to there being no stiff fronts 
or wristbands to be inserted. The cloth 
is folded in the same way as for dress shirts,- 
but instead of cutting fvw&y a piece for the 
insertion of the stiff front, a piece of cloth 
about two inches wide is stitched down the 
centre, so as to form a broad plait 
when buttoned over. Then slope out 
the .neck according to the size 
required. Ihe neckbands of these 
shirts are generally made of drab or 
grov sateen. 

wristbands are cut so to 
fit just round the wrist about in. 
or 3 in. deep. Pearl buttons are 
used for fronts and wristbands. 

Owing to the greater strength 
required of these shirts for day 
work generally, the same should be 
made up wdth 6-cord cotton, 45 to 50. 

Lrinen Collars. Ibe quantity of 
material required varies according to 
the shape of collar. The cloth used 
for fronting is generally Irish linen, 
which dresses up so much l)etter 
than cotton, and imparts a higher 
finish to the collar when dressed, 
and w'cars longer. 

Ihe collar can be lined with 
either a heavy cotton or linen 
interlining ; but the latter 
would be more durable, and 
would be found cheaper in 
the end. 

The material for collars varies from 
34 in. to 36 in. in width. Singers’ 

0 needles are suitable for collar- 
making. Collars should be made up 
in G-cord, 60 to 80, cotton. 
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and the shirt allowed to remain three or font 
hours if possible ; it could be ironed immediately 
if required, but in this case it would need to be 
first rolled in a dry cloth, or rubbed down 
with a dry cloth to take off the surface starch 
and superfluous moisture. If the starch 
appears a little thick when rubbing, add a 
little water to reduce it. 

Ironing. First set, or lay out 
flat, the yoke of the shirt, then neck 
band, and afterwards the body, seam 
to seam. 

Iron the body of shirt first, then 
“s_'t” the cuffs and iron the sleeves. 
When this is don *, prepare the 
front. Place a board (which should 
be covered with a piece of ironing 
flannel) betw^een back and front of 
shirt, and then set for ironing. Next 
take an oval iron, or polisher, well 
heat it, and then take a piece of 
rag upon which a piece of beeswax 
has been placicd, and rub the iron 
lightly wdth this— which will cause 
the iron to run smoothly over the 
stai'ched front and wrists — but 
l)efore using, wtikj again with a 
clean duster, to remove any particle 
of beeswax that might \)0 sticking 
to the iron. Then, with the 
heel of the polisher rub 
briskly, using the point or 
nose of the iron around neck 
band. When ironed, fold, 
and press wdth flat iron, well 
air, and t he shirt is ready for use. 

For the washing, drying, starch- 
ing, etc., of collar, the same prm'oss 
is used as for shirts, but the quantity 
of starch required d(?pcnds upon the 
number of articles to be dressed. 


FTTTIN(; 'niE SHIRT 
TOGETHER 


Diagram 9 gives reduced models of collar DRAFTiN<i W^hiie shirts are made up in 
some of the most popular styles of ‘stJur’ r' varieties of fronts and cuffs, 
collars, which only need to l)e rt> ' Thus the dress shirt has a front 14 in. 

produced by the ordinary inchtape to give a or loin, deep, and about 11 in. wide, w^ith one 
good model. stud-holt* in the centre about 5 in. or 6 in. 


The variations in size can be easily made by 
adding to or taking from the back. 

“ Dressing.” A new’ shirt should first be 
placed in cold W’ater for the purpose of taking 
out the dress or priming of the cloth of which 
it is made, and afterwards taken out and waslied 
as household linen, being thoroughly well dried 
in the oiien air before starching. While the 
sliirt is drying lump-borax should be dissolved in 
the proportion of 4 oz. to 6 oz. in one pint of 
boiling water to half a dozen shirts. The starch 
(which should alw'ays be good rice starch) should 
then be prepared. Take 1 lb. of starch, add a 
little blue, which gives the shirt a whiter appear- 
ance when dressed, mix the starch in a little cold 
water, then add waterin which the borax has been 
dissolved, which, however, should first be allow’cd 
to cool. The shirt being thoroughly dry, first 
take hold of the wristbands, and well soak and 
rub in the starch that has been prepared, and 
then deal with the front in the same way. The 
wristbands should next be rolled to front tightly. 


down from the collar. 

The ordinary, or everyday, shirt has a front 
ranging from 11 in. to 13| in. long, and 8 in. 
to 0 in. wide, with two or three buttonholes up 
the* front. 

Short -fronted shirts are also made for those 
w’bo wear high buttoning vests, and the newest 
style of these are V-shaped, which gives much 
more comfort than the old round pattern. 

Many shirts are now made up with soft fronts, 
or in other words without the insertion of any 
kind of front, and it is to this class that the 
flannel shirt belongs. 

Cuffs are usually placed at the wrists, but many 
are now made with detachable cuffs. Occasionally, 
shirts are made up with collars attached, but 
this is the exception. 

The fastening can either be arranged up the 
the front or the back, but the latter plan is 
prefen*ed. A slit is made about 12 in. deep, and a 
facing seamed on and the band arranged accord- 
ingly* 
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Football shirts are made up in all kinds of 
patterns, according to the club selection. The 
illustration [19] shows the harlequin design, but 
this is one of scores, including many varieties 
of stripes, bauds, stars, and other designs. 
They are usually finished at the neck with a turn- 
over collar, and a patch pocket on the breast. 

The night shirt is made longer and fuller than 
the day shirt, but generally speaking is of 
the same design [14]. It is finished at the neck 
with a turnover collar and a breast pocket. 
Occasionally the bottom of the back is cut ton 
or twelve inches longer, turned up to form a 
kind of pocket for the feet. 

An excellent book on cutting and making 
all kinds of shirts is published by the John 
AVilliamson Co., Ltd., Oerrard Street, W., from 
whose pages we have rcjiroduced the following 
system of cutting the two principal styles. 

Taking the Pattern. 

We first proceed to describe 
the system, and in order to 
make it as simple as possible 
we have selected a style of 
shirt w’hich is very free f>f 
complications, and wiildescril>e 
the cutting of this by divisions 
of the breast measure system 
for which the ordinary" 
measures ' of length and 
width, the same as for a coat, 
will suffice. 

The Back [1]. Draw line 
0 36 and mark off as folloy's ; 

0 to h I in. 0 to 9, one- 
sixth breast plus 3 in. O to 17 
the natural waist length. O to 
3() the full length desired plus 
the seams. 0 to one-sixth 
neck. 

From these p( tints square 
lines across at right angles. 

21 to IJ one-twelfth neck, 
and curve back neck. to 
S the width of shoulder, as 
taken on customer, plus two 
seams. Square dowTi from 8 
to 8*. 9 to 10.J one-fourth 
breast plus IJ to 2^ in. Square down from 10 J, 
and hollow on line 17 1 in. and add on 1 in. of 
spring over the seat. 

Mark out from 17 1 in., and draw line from O 
thiftugh 1. 

The Front [2]. Draw line 0 33 J, O to 
2.1 one-sixth neck. O to 8 J one-sixth breast plus 
2| in. O to 16^ natural waist length less J in., 
or by making the distance from 8 J to 16 J the same 
as 9-17 of the bac'k. 16Jto 33J[ 2 in. less than 
17 to 36 of the back. Square lines from O, 2J, 8J, 
16.1, and 33 J. O to 2J one-sixth of the neck. 
21 to A the same as 1| to 8. 8J to 8 one-fourth 
bn‘ast less lin. to 10 J one-fourth breast plus 
11 in. to 2J in. Hollow waist 1 in. Give 1 in. 
of spring under the hips. Add on 1| to 2 in. for 
button -stand and front pleats. 

The Sleeve and Cuff [3 and 4 ]. Draw lino 
O 24. O to 2^, 2 J in. to 31 in., the smaller quantity 
for easy-fitting sleeve. ' O to 24 the length of 
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fileeye Jess cuff and shoulder- width, duo proyision 
being made for scams. 2J to 10 half scye plus 

1 in. to in. 24 to 6J one-sixth breast plus | in. 
Cut as in the underpart, about 2 in. or 2J in. 
from the ci’ease. 

For the cuff [4] draw lines O 2J, O 5J. 0 to 51 
half size of cuff desired, plus 1 in. O to 2J depth 
of <mff desired plus J in. Add on point at 1 or 
shape to taste. 

The cuff may be varied considerably, and this 
is but one style of me^ny. 

The Collar [5]. Draw line O 8J. O to 8J 
half neck plus 1 in. to IJ, IJ in. Draft 
collar 1 J deep at back and 1 in. deep at front. 

The Finished Article, In the accom- 
panjnng diagrams we give a few suggesti(jns on 
making-up. Diagram 6 shows the back joined to 
the front at the shoulders fi,nd the side ; about 

2 in. from the bottom of the side seam a gusset is 
put. The opening is cut down 
the front about J in. to the 
right of the centre and about 
13 in. deep. This is then turned 
in, and forms the button-stand, 
uliilst the other side is turned 
in to form a pleat, and the 
underi>art tununl o\'er to meet 
it. the holes being worked in 
this as shown in 7. 

In 8 we show the sleeve 
made up ; the fulness at the 
lop may either be put in the 
form of j)leats or gathom, 
which also applies to the cuff : 
the slit of the sleeve should be 
faced so as to take buttons if 
necessary. Binders are often 
put on round the armhole in 
order to strengthen it at that 
part. These are shown in 6 
and 8. 

Yoked and Fronted 
Shirts. The vast majority 
of shirts are now made up 
with yokes and inserted front. 
This plan is now adoi)ted not 
only for while and coloured 
linen shirts, but also for 
flannels, so that this is by far the most popular 
style of shirt at the present time. These two 
features do not necessarily go together ; the 
yoked back may be used with the plain forepart 
[2], or the fronted forepart may be used with 
the sac back [1]. 

The Yoke Back [10]. Draw line O 36. O 
to J, i in. 0 to 3, 3 in. more or less to taste. 
O to 9 one-sixtli breast plus 3 in. O to 17 
natural waist length. O to 36 full length of 
back plus two seams. Square lines at right 
angles to these points. 0 to 2J one-sixth nock. 

to IJ one-twelfth neck, and curve back 
neck. l| to 8 the width of shoulder plus two 
seams ( J in. ). Square down from 8 to 8*. 9 to lOJ 
one-fourth breast plus 1^ in. to 2| in. Square 
down from 10^. Hollow inside this line 1 in. 
at w'aist, and add 1 in. of spring over the seat. 
Shape bottom of yoke to taste. In the diagram 
it is pointed in the centre, which is 3 in. down 





12 13 

10-13. YOKED AND FRONTED .SHIRT 




from O. The depth at the scve is 2 in. Let 
back overlap this at the shallowest part at 
least J in., as shown by dot and dash line. 

The Fobbpart [11|. Draw line O 33^. 0 to 
2 J ♦ one>sixth neck. O to 8 J one-sixth breast plus 
2| in. 8} to 16^ the same as the back 
from 9 to 17. 8|to 33| about 2 in. less 
than 9 to 36 of the back. 8} to 2^, and 
O to 2J, each one-sixth of the neck. 

Square across from 2J* to A, and 
make 2^ to A the same width as 1;^ to 8 
of the b^k. 

8J to 8 one-fourth breast less 1 in. 8J 
to 10 J one-fourth breast plus IJ in. to 
2J in. Square down from lOJ. 

Hollow side seam at waist 1 in., and 
give about 1 in. of spring over the hips. 

The Froxt. The shape of the front 
varies considerably, but the more general 
size is that indicated on this diagram. 

The depth extends to within 1 in. or 
1^ in. of waist line, 

16 i. 

The width of the 
front at the bottom 
is 3J in., including 
the I in. button- 
stand added beyond 
the centre line. 

Tlie width across 
the widest part of 
the breast just be- 
low the depth of scye 
line is 5 in., includ- 
ing the J in. buttonstand. From this point 
it is continued up to the shoulder seam, 
where it is made 1 in. v ide. 

To provide for seams where the front 
is join^ at the breast, allow J in. at both 
side and bottom. 

From B downwards allow 2 in. for 
pleat at bottom of the front. 

The sleeve, cnflF, and collar are as 
described on 3, 4, and 5, though in the 
illustration wo show a plain round cuff ; 
that, however, is a variation easily introduced. 

Important Details. The yoke is intended 
to l)e double. 

The extra width of the back is either gathered 
or pleated in to the yoke just above the blades on 
cither side of the point, leaving about 1 Jin. plain 
on either side of the point. This is shown in 13, 
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as well as the joining of the forepart to the 
yoke. 

In 13 we also illustrate the front sewn to the 
forepart down the sides, from which it will be seen 
there is extra width on the forepart below 
to be gathered or pleated in. This is 
generally done by a box-pleat, and the 
bottom of front is either finished with a 
strap, or the front is left long enough to 
overlap the necessary amount. 

On the figure in 11 we illustrate the 
strapping method, and in 12 the plain 
method. 

These fronts are either made double, 
or of more thicknesses. 

when working-men’s shirts are made 
up from Oxford shirting in this way, the 
lining of the front is of unbleached 
calico. 

When flannel shirts arc made up in 
14. NIGHT SHIRT this Way, the inner front may either be 

of the same flannel 
or a thinner one. 
The number of 
put in the 
is usually 
though for 
shirts this 
number is some- 
times rcnluced to 
one. 

For white linen or 
cambric shirts the 
fronts are made up 
tliicknesses, to take the 
this case the cuffs follow 
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vnih four 
starch, and in 
suit. 

A tab is often put on the bottom of the 
front to fasten it to the top button of 
the trousers. 

.Ml the seams are turned in and 
stitched or felled, and are never left 
raw. This necessitates the provision 
of rather wider seams than the usual 
I in., so that they ought not to be less 
in. or A in. The bottom side seams are 
left open about .3 in. or 4 in. up, and the top of 
the slit finished with a gusset. 

The other diagrams on this page not already 
refeiTed to [15-18Jserve to illustrate the various 
styles when made up, and are explained in the 
descriptions given underneath. 
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BUSINESS MANAGEMENT 


(0) To present the nieniorundnni and artieles 
for roiristrat ion, together witli a statutory dc- 
clfiration. 

(7) To prepare the prospectus according to 
fltiitute (Sec. 10 (1)], being careful to include the 
thirteen particulars of disclosure required by law. 

(8) To. have the prospectus signed by all men- 
tioned therein os directors. 

(9) To file the prospectus with the registrar. 

(10) To advertise the prospectus. 

The Directors' Preparations for 
Business* The company is now promoted and 
the shares have boon publicly ofTerod for subscrip- 
tion ; as soon as the minimum subscription, specified 
in the pospoctus, or failing this, the whole of 4ho 
nominal capital, has been subscribed, the directors 
take the following steps before the company is 
ready to begin business as a trading company : 

(1) Proceed to the allotment of shares. 

(2) File a return of the allotment with the 
registrar. 

(3) File a statutory declaration for the com- 
mencement of business according to Section 0 of 
the Act and'obtain from the registrar a certificate 
entitling the company to begin business. 

Management of the New Company* 

Further immediate stops in the management of the 
newly registered company include the following : 

(1) Prepare preliminary report for presentation 
and discussion at the first statutory meeting of 
shareholders (Sec, 12), which must bo held not 
more than three months after the date of the 
certificate authorising the com})any to begin 
business. 

(2) File this report and obtain a certificate for 
it from the registrar. 

(3) Circulate the report, sending a copy to each 
shareholder at his address in tlic register, scroi 
dear days before the day apj)ointcd for the statu- 
tory meeting. 

(4) Hold the statutory mcctiug (Sec. 12). 

(5) Register mortgages and charges and endorse 
on every debenture or debenture stock a co]>y of 
the registrar’s certificate of registration (Sec^. 14 
to 18). 

(0) Preserve and file copies of instruments of 
mortgage or charge for insjwctiou at the registered 
office of the comjjany. 

(7) Keep a list of directors at tlie registered office 
of the company and send returns to tlu^ registrar. 

(8) Make out an annual summary and list of 
members. 

The above is the correct statutory order of pro- 
cedure in the formation of a company, ^\’e shall 
now examine some of the essential points a little 
more closely. 

The Memorandum and Articles of 
Association* The memorandum of association 
is the basis or charter of the company's constitution, 
and as such is a public document registered with 
the articles of association at Somerset House. 
Five important points are required by law to be set 
out in the memorandum, as follows ; 

(1) The name of the proposed coinpanj^ with the 
addition of the word Limited as the last word in 
such name. 

(2) The part of the United Kingdom, whether 
England, Scotland, of Ireland, in which tiie regis- 
tered office of the company is to bo situated. 

(3) The objects for which the i)roi)osed company 
is to be established. 

( 4 ) A declaration that the liability of the members 
is limited. 

lY n. 


(5) The amount of capital with which the com- 
pany propose to be registered, divided into shares 
of a certain fixed amount. 

The Obtects Clause. No. 3 is the most 
imi>ortant of the clauses. Once the objects are 
sjHicified, the company is bound down to these and 
cannot undertake anything beyond these. By the 
definition of these objects, as stated in the memo- 
randum, the sphere of the company’s activities is 
strictly limited. The State, having incorporated 
the company for a sjjecial purpose, in respect of 
which shareholders invest their money, will not 
authorise the money being applied to any otlier 
enterprise, held to be ultra vires or in excess of their 
statutory powers, even by full consent of the 
shareholders. Hence, certain jx)wers, such ns 
borrowing powers, power to accept bills of exchange 
and other negotiable instruments, power to sell 
and disj)oae of the company’s undertaking without 
a winding-up, or to promote another company, 
))ower to pay preliminary expenses and the amount 
of the minimum subscription on which the directors 
will proceed to allotment, should all be inserted 
in the memorandum. In axldition, it should be 
distinctly stated* of what kind of shares the capital 
is to consist, whether there be preference shares, 
and if so, what privilege and rights they carry, 
and whether the preferential dividend be cumula- 
tive or not. 

The memorandum and articles of association 
must be duly signed by seven pCTSons of full age 
and not standing under any legal disability. Each 
signature must be dtdy witnessed. The memoran- 
dum need not necessarily bo printed, but the 
articles are required to be printed ; both must be 
stumped with a IDs. deed stamx) and with the fee 
stamp, and must be regivstored by the Registrar of 
Joint Stock Companies at Somerset House. 

The Board of Directors. There arc 
several important points in connection with the 
position of a director in a joint-stock company 
which should not be lost sight of. 

The company, being a legal abstraction of a co- 
operative aggregate, cannot do anything of itself 
or act except through agents, known variously as 
directors, managers, council or board. The law 
rL*gards them all as directors, if they are the accred- 
ited representatives or agents of the coiiJ})any. 
The direelors are chosen by the promoter, who is 
generally anxious to secure an attractive board, 
which will form a guarantee and induce the public 
to subscribe. Great abuses have arisen out of this 
inducement held out to tho public : names of 
weight have been prematurely advertised as 
directors, sometimes on the faith of a half promise, 
sometimes ns a decoy which has proved only too 
successful, the public discovering too late that the 
very man whose name formed a guarantee of 
success had refused to act as director. 

Tho new Act of 1900 (Sec. 2) has effectually 
prevented this abuse by requiring that tho consent 
in writing to act as director must be filed before 
the articles nominating him as director can be 
registered or the prospectus issued. 

The director is further required to subscribe tho 
memorandum of association for his qualification 
shares, or to sign and file with the registrar a con- 
tract in writing to take from the company and pay 
for his qualification shares (if any). The first of 
these courses is to be recommended, as the second 
presents serious difficulties owing to the fact that 
a contract cannot be made with a company which 
has no legal existence ; and if it be made with the 
promoters, the company, not being a party to the 
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contract, would have no locus st^mdi to enforce it. 
The director must take his qualification shares 
from the company and within two months of his 
a])pointment, or else vacate the office. 

If a director be not legally appointed in accord- 
ance with these requirements of the Act and yet 
c.xercises the functions of a director, he is liable to 
a jKjnalty of £5 a day. 

A director is criminally liable for any fraud, 
misstatement, false statement, failure to disclose 
or to comply with th© statutory conditions of 
which he was cognisant, or of which it was his duty 
to bo cognisant, but he is not liable for the frauds 
of his co-clirectors, if he be himself deceived by them ; 
or for mere errors of judgment. Directors are, 
in short, expected to fulfil their duties as agents 
faithfully, honestly, and diligently. When guilty 
of a breach of trust, the company has the remedy 
of bringing an action against flie director for 
misfeasance ; if the company is being wound up, 
a misfeasance summons may be taken out by the 
official receiver or by a creditor, counselling the 
director to repay misapplied moneys or to make 
compensation for loss. 

C^ing to Allotment. In the past, 
winding-up orders were frequently due to the 
undue precipitation of the directors in proceeding 
to allotment before a sufficient subscription had 
been raised. By Section 4 of the Act of UKX), 
legislation seeks to obviate this danger, by re- 
quiring that allotment shall be made only when 
the amount fixed by the memorandum or articles 
of association as the minimum subscription has 
been subscribed, or, if no amount has been 
fixed, then the whole amount of the share 
capital. Both these amounts are to bo reckoned 
exclusively of any amount payable otherwise than 
in cash. Other sub-sections fix the amount of the 
shares payable on application at not leas than 
5 per cent, of the nominal amount of the share. 
The time limit allowed the company for raising the 
minimum subscription is 40 days after the issue 
of the prospectus, on the expiration of which, 
if the directors may not proceed to allotment, 
they must forthwitn repay all money received 
from applicants for shares. Repayment without 
interest must take place within 48 days after the 
issue of the prospectus; after that period, repay- 
ment is burdened with interest at 5 per cent. 

Although directors may not proceed to allotment 
before the minimum subscription has been raised, 
they may give a provisional acceptance of a sub- 
scriber’s application, subject to the statutory con- 
ditions as to allotment, provided they notify him 
to that effect. 

Beginning Business. A point of the 
utmost importance tn persons dealing with a 
company in the early stages of its existence is the 
(piestion of contracts. No contracts entered into 
with a company before the certificate entitling it 
to begin business has been granted is binding on 
the company ; it is only ])rovisional — that is, 
contingent on the grant of the certificate. But 
on the day the certificate is granted, the contract 
becomes binding, says the Act [4 (Sec. 3)]. The con- 
tracting party cannot, however, withdraw from his 
agreement with the company, pending fulfilment 
of this condition, unless the prospectus contain 
any false or fraudulent statement material to the 


contract, in which case he is entitled to rescind his 
agreement. 

Mortgages and Charges to be Regis- 
tered. there are four classes of mortgages 
and charges which are required by the Act to be 
registered [See. 14 (1)]; 

(a) A mortgage or charge for the purpose of 
securing any issue of debentures (including deben- 
ture stock) ; 

(b) A mortgage or charge on. uncalled capital of 
the company ; 

(r) A mortgage or charge created or evidenced 
by an instrument which, if executed by an in- 
dividual, would require registration as a bill of 
sale : 

(d) A floating charge on the undertaking or 
property of the company. 

All these classes of mortgages and charges must 
be registeroil by the Registrar of Joint Stock 
Ccmpanics at Somerset ifoiiso. The points to bo 
entered on the register are : 

(1) The date of the creation of the mortgage or 
charge. 

(2) 1’ho amount sttcured thereby. 

(3) Brief particulars of the property mortgaged 
or charged. 

(4) The names of the mortgagees or persons 
entitled to the charge. 

In the case of debentures it is sufficient to register : 

(1) The total amount secured by the whole 
series. 

(2) The date of the resolutions creating the 
series and of the covering deed (if any) by which 
the security is created or defined. 

(3) A general description of the property charged. 

(4) The names of the trustees (if any) for the 
debenture-holders. 

These provisions form the investor’s safeguard, 
for, as mentioned above, every debenture stock 
must be indorsed wdth a copy of the registrar's 
certificate of mortgages and charges. But as the 
Act does not cover any but these four classes of 
charges, it will be scon that there are risks outside 
this certificate which must be either inquired into 
or covered by insurance. 

Inspection of Registers. The register 
at Somerset House is open to inspection by any 
person on payment of a fee not exceeding Is. 
The company’s own register is, on the other hand, 
accessible only to members or creditors. 

The company is compelled to keep on record a 
copy of ev^ery instrument creating the mortgages 
and charges which come wdthin the section of the 
Act, and to allow any member or creditor to inspect 
the same on payment of a fee not exceeding Is. 
It i.s well to note that the right to insjwct also 
covers the right to copy, and that a shareholder 
can depute his right to inspect to his solicitor. 

Every shareholder has a right to transfer his 
shares, subject to the regulations of the company, 
who may require that all transfers receive the 
approval of the board of directors Ijeforc registra- 
tion. This regulation is often included in the 
memorandum or articles in order to protect the 
company against insolvent or undesirable share- 
holders. The directors* right to veto, however, 
applies only to cases in which the objection is to 
the transferee and not to the purpose for which 
the transfer is effected. 
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Marine. Examinations for Ship Officers. 


By J. P. 

'^HERTC is one y)oint about the nierehimt service 
* which is especially attractive to the youth who 
desires to j^o to sea — namely, that birth and 
infiiience are not necessary to attain command, 
titness being the only requisite. 

Staff of a Steamship. The stafT of a 
large steam vessel is divided into three main 
sections, at the head of which stands the captain. 
First, there is the executive, or deck staff, con- 
sisting of th ‘ captain himself, and at least two 
mates, but usually three or more, as officers. Petty 
officers are the boatswain and his mate, the car- 
|)enter, quartermasters, the. sailrnaker, and gunner. 
Then coine> the ctcw, divided into A.R.'s, or able 
seamen, ordinary seamen, and boys. Next comes the 
]»urser’s staff, consisting of purs(*r, clerks as officers, 
stewards as fKdty officers, and assistant stewards, 
cooks, cabin stewards, and cabin boys, as crew. 
Lastly, there is the engine-room staff, commanded 
by the chief engineer, with second, third, and fourth, 
and possibly more, engineers as his assistants, 
especially where a refrigerat ing ])lant is installed. 
Lrea-sers, donkeyman, firemen, and trimmers, form 
the complement of th * crew. 

The first division is the most im]»ortarif, and as it 
is the only one in which command can be obtained, 
or in which the highest yiosts are fipen to the ]»enni- 
less youth with no influence of any kind, we shall 
consider it first. 

We shall yjremise that the would-be .sailor is 
between fourteen and sixteen years of age. Ho 
wishes one day to be a (captain, and wants to know 
how to attain his ambition. There are two rreog- 
ni.sed methods of becoming an officer in the mercan- 
tile marine. The first is to work one’s way up from 
the bottom ; the second, or more aristocratic method, 
is by ap])renticcship. Working one's way iq) is 
known as “coming through the hawse holes": 
but. ]»rovidcd that the officer who has attained rank 
in this fashion is skilful, .smart, and gentlemanly, 
he will not find that stand in his way. Some of our 
best captains have been “ before the mast," as being 
a common sailor is called. We shall take thi.s 
method first, detailing the duties of the vaiious 
members of the crew and ]>etty officers. 

Joining a Ship. The youngster who desires 
to join a ship should apply to the .shipping master 
at any of our largo ports from which .sailing .ships 
set out, for though a modified fpialification 
can be obtained by joining a steamer, still, that 
qualification is of little u.se in later life. A .ship 
liaving been found for the boy, he will have to sign 
t)n the articles in that capacity, a])|Kviring at the 
shipping office for that purpose. His pay will be 
merely nominal, ranging from (Id. a month to 
possible 48. On board, ho will have to make himself 
generally useful, being at the beck and call of 
everyone in his department. He will learn to go 
aloft, to splice and make knots, and to clean brass- 
work From his elders he will pick up a considerable 
amount of knowledge, and after he has been a few 
voyages, or possibly only one, if lie is about seven- 
teen, he will be given a discharge as an ordinary 
seaman. At the end of each voyage, when th<^ 
crews are paid off at the ship])ing office, each 
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member receives a discharge paper, staling the 
length of the voyage, the conduct of the individual, 
and his capacity. These he must preserve, ns he 
must show them when he .‘tceks another ship. 

Ordinary Seaman. As an ordinary seaman, 
the young sailor will be expected to be capable of 
taking his part in the working of the ship, but he 
will not be exyiecled to steer, nor will he generally be 
entrusteil with repairing the more imj>ortant por- 
tions of the rigging. He will have to take his turn 
at the “ look-out ’’ during his watch. Here we may 
SMV that the crew of a ship is divided into two 
watclios, the “ starboard " and “ port," and each 
is on duty for four hours at a time, beginning at 
4 a.m.. except during the dog watches, which are 
only of two hoiirs’duration — namely, from 4 p.m. to 
(» p.m., and (i j).m. to 8 p.m. The object of the dog 
watches is to ensure a change for the men. those who 
have two night watches one day having only on^ 
the next. The ordinary seaman has to help to stow 
<‘aigo. under the direction of the mate, unless lie is 
occupied in hauling on the ropes of the derricks, a 
ta.sk at which he is generally employed. If he shows 
himself smart, be may be allowed to take a hand at 
tlie wheel in fair weather, or may be put to n.ssist 
an A.H. in heavy weathei, and thus he learns how 
to steer. When he can do this, and has shown 
himself smart aloft, he will get his discharge as A.B., 
or nhlc bodied seaman. 

The “ A.B.” To get thus far usually takes a 
youngster four years, and he does not then remain 
in the forecastle, where the men are berthed. If lie 
is desirous of being an officer, the Board of Trade 
requires only that an applicant for examination for 
.secoml mate sliall he anle to show di.scharges for 
four full years at sea on an ocean-going ve.s.sel. If, 
however, he has not put in his full time the A.B. 
must ship in that capacity, when his j»ay will he 
between £2 and £3 a month. As A.B. the sailor is 
exiiecfcd to be accomplished in all the ordinary 
knots and splices, to he able to steer accurately, to 
heave- the log (under siqiervision), and to know the 
marking of the hand load-line, and to he able to give 
the eoiToct depth of water when using it, to manage 
a small boat, and to do any work aloft or on deck 
wliich may be required of him. The A.B/s are the 
sciiiois in the forecastle, and a certain proportion 
of them are di.strihutod in each watch. 

Petty Officers. The car|x>nter and sail- 
n.ak°r are artisans who have learnt their trade 
ashore, us well as having liad practical training at 
sea, when, ns A.B.’s, or even ordinary seamen, they 
linvc been attached as mates to carpenters and sail- 
makers. They look after the up-keep of the fabric 
of the ship, and the repairing and making of the 
sails. Besides this, the carpenter takes soundings 
of the wells in the ship at regular intervals, and 
reports to the officer of the watch how much water 
there is in the bottom of the vessel, for very few 
ships are absolutely dry. In times of emergency, 
he has to be able to perform the ordinary duties of 
a sailor, and go aloft to make or take in sail. 

The boatswain and his mate act as sergeants over 
the two watches, directing work to be done rather 
than doing it themselves. However, when an officer 
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is supervising, they have to take their share of the 
labour. They are always experienced men, and 
when really good, are of more real service to the 
captain than some of his junior officers. 

Quartermasters and Gunners. Quarter- 
masters and gunners, when native crews are 
carried, are usually to be found only on board 
large steamers. The former are in charge of the 
wheel, two being attached to each watch, and 
taking turns at the helm. They act as general 
messengers for the officer of the watch, see that the 
lights arc ]>ro]x»rly burning, and that the look-out 
is on the alert. They strike the bell every half 
hour, assist in heaving the log, or take readings from 
the patent log, make signals with flags, and attend 
to the rockets and fire signals. The gunners are 
practically only cargo officers. They take charge of 
the hatches, seeing that the cargo is put in properly, 
and generally assist the officers on duty. They look 
after the ship’s armoury, and k»*ep all the bright 
‘work clean. When there are many boats attached 
to the steamer, some of them are in charge of the 
gunners. When the cargo is in the hatches, the 
gunners have to send to the clerks and purser 
accurate lists of what is in the hatches to which they 
have been appointed. They make themselves 
useful, standing by and passing the word, and so 
forth, and have their pro]w stations at boat and 
fire drill. On boats manned by natives, the gunners 
are selected for their knowledge of the language 
and are often themselves half-castes. While speak- 
ing of lascar crews, we may mention that the 
quartermasters, where native, are called seacuntties ; 
the boatswain is the .^ernng; his mates, the hnrra 
and chota tindaU ; and the carpenter is the mutri. 

The cook and cook’s mate, with the steward, are 
the only members of the purser's staff carried on 
sailing ships which do not carry passengers. The 
steward is usually the ca])tain's private servant, 
wlio looks after the stores and their issue. He is 
rarely a sailor. Th? cook and cook’s mate are both 
snp])oscd to be sailors, and are liable on board 
smaller ves.sfds to be called on to go aloft and assist 
in the working of the shi]' at any time. The Board 
of Trade accepts service as a .ship’s cook as proof of 
practical .‘■ea training, and four years’ service as 
.such entitles a man to go up for examination as an 
officer, though, naturally, this privilege is seldom 
exercisccl. 

Becoming an Officer. Having put in his 

time at sea, and got hi.s rating of able .seaman, the 
young man is qnalitied to go up for his examination 
as second mate, the fiist step to responsibility. But 
to do so, he will re<jiiire tohave studied hard during 
his spare time at sea. This is essential as far as 
seamanship is concerned, hut for navigation he- 
need not l>e so particular, for much of the work can 
he learned ashore in one of the many excellent 
nautical .schools, a short sojourn at one of which is 
now becoming more necessary. Before dealing, 
however, with the examinations requisite to 
enable the youngster to assume the blue and gold, 
of nn ofliorr we mu.st describe the more general 
method of becoming an officer — namely, by appren- 
ticeship. Many of the large firms of shipowners 
accept apprentices on their sailing ships, receiving 
premiums which vary from £20 to £150. The 
apprentices arc cither berthed aft, close to the 
captain's cabin, or have a house to themselves on 
the quarterdeck. They have to do the ordinary 
work of sailors, under the supervision of the officers 
and with the assistance of several qualifierl sailors. 
To them is generally entrusted the management of 
the sail on the mizzen mast. They are expected 
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to watch the officers taking sights and calculating 
the ship’s position, and after a time are also per- 
mitted to take sights for themselves with a sextant. 
They t ike their meals by themselves and not with the 
men or officers, unless on special occasions the captain 
extends hospitality to them. In good ships they 
are very carefully watched, and the difficulty of 
their work is graduated, so that before their time 
8 up they are usually good practical sailors. 
Knotting and splicing is taught to them by the 
A.B.’s or boatswain, and the captain or first mate 
frequently teaches them the elements of navigation. 
At the end of their apprentice.ship they are entitled 
to go up for the Board of Trade examination. In 
some ships the smartest apprentice is often given 
honorary rank as third officer, and thus he learns 
how to give orders as well as to obey. To shorten 
the apprenticeship, those who can afford it can Imj 
sent to the Worcester or tlie Conway, two ex- 
cellent training shifts for the mercantile marine, 
where, prior to going to sea, the boy is taught a 
certain amount of navigation and seamanship, 
and enters his new profession with a fair theoretical 
and practical knowledge of his calling. Two years 
on eitlier of these vessels counts as one year at sea 
for purposes of qualification. 

First Examination. Whether the can- 
didate has acquired his knowledge before the mast 
or lias been an apprentice he must now pass the 
examination for second mate, the lowest qualifica- 
tion recognised by the Board of Trade. The ex- 
amination is held at various large ports throughout 
the world, but “ tickets,” as certificates are called, 
obtained from London are held in the highest esteem 
by sailors, though all are equally good from the 
shifiowner’s point of view. Tickets are of three 
cla.sses : Fnll tickets, those permitting the 
aspirant to command any class of vessel (fer 
these, at least a year of the apprenticeship must 
have been passed in a square-rigged vessel); fore 
and aft tickets, which permit the holder to hold 
office in the vessels of the schooner tyjie or in 
.steamers; and tieket.s, which grant per- 

mission to bo an officer only on steamHhi])H. Th.^ 
last two are not to be recommended. Every sailor 
should strive to obtain the full ticket. So many 
fully qualified men arc to be obtained that few 
shijiowners care to em])loy men with lower tickets, 
always with the exception of the small coasting 
trade. 

The subjects of the examination, which is f lirly 
exacting, are seamanship, embracing the manage- 
ment of all sails and rigging; the standing and 
running rigging of ships; the bending, unbending, 
.setting, taking in and furling of sails ; the manage- 
ment of a ship under canvas, especially in sudden 
squalls ; the rule of the road at sea, and what 
course to steer to avoid a collision ; the lights 
carried by ships and steamers of every description, 
and their fog and sound signals ; signals of distress, 
for pilot, and the penalties for misusing them : 
marking and use of Vad-linc ; sending masts and 
yards up or down ; management of boats in rough 
weather ; dunuaging and stowing cargo. Failure 
in this part of the examination necessitates going 
to sea again for six months. 

In navigation the second mate must show an 
efficient knowledge of principles, understand all 
terms, and be able to find the shiji’s position 
by ordinary methods, those of Sumner and latitude 
by altitude of Polar Star excepted. He must 
know how to estimate the error of a compass or 
a sextant, and correct the same ns far as possible, 
or to make tables of the errors for future calculation. 
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He must know how to enter in the log the 
“ Day’s Work,*.* and how to use the same for 
navigation, and find position by dead reckoning as 
well as by observation. Parallel sailing and 
Mercator’s sailing must be learnt. Amplitude, 
tides, azimutlis, chronometer, lon^tude by azimuth 
and chronometer combined, and the use of true 
and magnetic charts all find a place in the examina- 
tion, which, as will be seen, is fairly comprehensive. 
The simple mathematics is confined to the correct 
use of logarithms, and a small acquaintance with 
trigonometry, though not n subject of examination, 
is almost essential. In addition to this examination 
the candidate will have to pass the Board of Trade 
sight test, to ensure that ho is not colour blind. 

Second Mate’s Duties. The newly fledged 
second mate will now have his choice of entering 
the service of some steamship company or of remain- 
ing in a sailing ship. If he goes in the latter he will 
probably bo rated as second mate, and will have 
to share the watches with the mate and captain. 
He will be in charge of the dock at fixed times, and 
when he goes on duty he will receive from his pre- 
decessor the orders which have been given by the 
captain, and will also see that they are written down 
in the log before the o9icor relieved goes off dqty. 
He will have to see the holds properly loadtni with 
cargo. He will have a portion of the rigging under 
his charge and will have to overhaul it at intervals 
and report thereon. At stated times he will have 
to work out the ship’s position and generally assist 
in the navigation of the vessel. For the first time 
he will be in real authority. 

Duties of Third and Fourth Mates. 
On a steamer, however, the newly-made mate will 
not have much chance of obtaining a i)ost as second 
mate right away, except on small tramp vessels. 
He will probably have to sail for some considerable 
time as third officer, and even as fourth or fifth. 
Tlie foiu’th and lower officers in large vessels are not 
usually in charge of a watch, but arc employed in 
iooking after cargo, baggage, mails, ]iasseugcrs, the 
fabric of the ship and so forth ; they are attached 
to senior officers and work under their directions, 
riio third officer — for on steamers the word viate 
is forgotten — is, however, in charge of a watch, the 
captain keeping no watch. The third ofticer’s 
watch is generally from 8 till 12, morning and 
evening, during which time he has in all things to 
behave as if in command of the vessel, save when 
running into danger, or if there be a sudden change 
of the weather, when he sends a report to the 
captain. He must never leave the bridge during hia 
watch. He will also be in charge of a hatch, and, like 
all hatch officers, will have to see the cargo properly 
stowed in the holds, subsequently writing up a list 
of what is Ml his hold, and its destination, which 
he will forward to the purser or clerk, together 
with his gangway book, in which a fair copy of this 
is entered. Twice a day he will have to take sights 
and determine the ship’s position, sending in his 
report to the captain. All officers above the third 
have also to do this. He will relieve the bridge for 
meals, unless a fourth officer is carried, getting his 
own meals later. He will have to take the readings 
of the patent log, or send a quartermaster to do so, 
at intervals during his watch, and enter the same 
in the log book. Everything that happens during 
his watch will also have to be written in the log. 
In his relations with passengers ho must not be too 
familiar, or he will probably be dismissed when his 
ship returns, the companies rightly holding that 
their responsible officers should not form too strong 
friendshijis with passengers lest the safety of the 


ship suffer. At the same time he must, when 
required, take a part in the festivities of the ship 
and generally be agreeable and courteous. 

Second Mate on Steamers. After 
serving a time as third, the young officer may bo 
promoted to second officer on his steamer, when he 
w'ill find that his responsibilities are increased. In 
large vessels the second officer is usually looked 
upon as the navigating officer, and the captain 
mies a good deal upon his subordinate’s calculations. 
Indeed, the early morning sights are very frequently 
entrusted solely to the second officfjr, much to that 
worthy’s disgust, for as his watches are those between 
12 and 4 it is a little hard on him to have to be 
on deck shortly after eight again, when he has had 
only a very short sleep. However, the increased 
dignity and increased pay compensate him to a 
gieat extent. In many mail steamers the second 
officer is in charge of the mails and is responsible 
for them. He has to see the bags on bo.ard, see 
them stowed in the mail-room, and keep the key 
himself. On other vessels he keeps the key of the 
bnggage-room, and superintends the periodical 
baggage days. Besides this he has his hatch to 
look after, though custom generally gives him the 
hatch which is least difficult to work. 

First Mate. The next examination which the 
officer has to take is that for first mate, or simply 
mate. He has to take the same subjects os the 
second mate, but is expected to show a further 
knowledge of seamanship. He must know what 
to do in the event of his vessel being disabled, and 
be thoroughly capable of executing temporary 
repairs of all sorts, and of rigging jury masts. He 
must know how to shift large spars, and manage 
heavy weights, even in a sea way. He must 
understand how to load a ship so as not to strain 
her, how to ventilate his holds and how to stow 
explosives. In the event of wreck he must be able 
to make the best provision for the saving of life. 
He must be able to dock and undock his vessel and 
must have a practical acquaintance with the forma 
to be observed in the event of liis having to take a 
ship into port after an accident. In other words, 
he must show himself perfectly capable of taking 
entire charge of the vessel in the event of the death 
or disablement of the master. 

Duties of a Mate, His actual duties at 
sea depend a good deal on the class of vessel. 
On sailing ships he is responsible to the captain 
for the proper maintenance of the spars and 
rigging, and for the general upkeep of the ship’s 
fabric. On liners and steamships he is in charge 
of the deck, sees to the painting and repairing 
of the ship, indents for stores and has them 
issued under his si^rvision for keeping the vessel 
spick and span. He is expected to take charge 
of a table in the saloon at meals and to make 
himself agreeable to the passengers. He it is who 
instructs the crow in boat and fire musters, and 
with the assistance of the purser apportions the 
passengers to the various boats. He is the cap- 
tain’s right-hand man, and, as a rule, orders from the 
commander pass through the chief officer^ as the 
first mate is generally called. 

Examination for Master. After serving 
with a chief mate’s certificate for twelve months 
at sea, even though employed only as a second 
mate, the officer is entitled to present himself 
for the master’s examination. This embraces 
all the subjects which he had to take for his 
mate’s ticket, but the examination is much harder. 
If he wishes to graduate in the Honour school, the 
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candidate can offer himself for the extra master’s 
certificate, which is the most searching examination 
under the Board of Trade. 

As captain, or master of a ship the sailor will 
have obtained the height of his ambition, but be 
will have to pay heavily for it in responsibility, for 
the commander is held to be responsible for every- 
thing that takes ])lace on board his vessel unless 
he can prove clearly that he was in no way impli- 
cated. He is absolute king on board his ship and 
his word is law, but he will find that great tact is 
recpiired if he is to rule his kingdom without 
friction, and at the same time with the necessary firm- 
ness, Sailors have small rcs]iect for a weak captain. 

Where the captain has no clerk or purser to assist 
him he will have to prepare the pa|X'rs and docu- 
ments which will be described under the category 
of the purser’s duties. Ho is also expected to have 
some acquaintanc.e with marine engines, if he be 
in ch irgc of a steainor. 

In his n'lations with the owners of the vessel the 
captain will have to exercise great judgment. If 
he is too servile he will not be res|)ect^, and his 
life will be a burden to him. On the other hand he 
must remember that the owners are his employers, 
and unless he has very good cause to do so he 
should not thwart their wishes. But. above every- 
thing, he must remember that bis first duty is to his 
ship and to the lives and cargo entrusted to him, 
and the owners must take a second place when the 
two interests clash. 

The Purser's Department. Under the 
purser in large vessels is an army of stewards, 
clerks, cooks, and cabin servants, for all of whom he 
is answerable to the captain. Promotion in this 
department is not so sure as in the executive staff, 
influence having a good deal to do with appoint- 
ments to the higher posts. 

The purser himself is alw'ays a man of education, 
and in some of the larger vessels may l)e a member 
of one of the universities. He is the representative 
of the owTiers on board, and his duties are very 
varied. First and foremost he is in charge of all 
the shiji’s jiaitcrs and either mukes them out himself, 
or secs that they are ])ro|K*rly prepared by his 
assistant or his clerk. Wlierc there is no jmrser 
the captain sees to them. 

First comes the ofpcinl Ictg, in which is entered 
records of all births, deaths, marriages, convictions 
of crew, punishments, fines, forfeitures, illnesses of 
crew, character and conduct of each member of it, 
collisions and accidents to the vessel, change of 
masters and so forth. The draught of water when 
the shi]) proceeds to sea must always be recorded 
in the official log. Penalty for not obeying these 
rules varies from £5 to £30, the latter being the 
punishment for making an entry of an event 
w'hich occurred on a voyage after the ship has 
entered port and been moored for more than a 
day. AH entries must he signed by the captain 
and the chief officer, or some other member of 
the crew. 

Ship Articles. The articles contain a list 
of every member of the crew and also the con- 
ditions of their service and their wages, etc. They 
are made out at the shipping office, but on the 
voyage the captain can ^d to the number, and 
them must make an entry, and show it to the 
nearest consul when he gets to port. 

The ship'fi register must be on board, but the 
purser docs not generally keep that for it has to be 
posted up on ]>as8enger ships in a place where 
everyone can see it. Before sailing for foreign 
ports a bUl of hexdth must be obtained from the 
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port of departure, and this must be endorsed by 
the consul of the port of destination. 

A number of manifests will have to be prepared 
for the various ports to which the ship is bound. 
Sometimes these are provided from the shore 
office, but very frequently the purser and his clerks 
have to prepare them. They are lists showing the 
pirtieulars of the vessel herself, and a complete 
list of all the cargo contained in the holds, with 
marks, numbers, and consignees and shippers. 
One manifest, giving the entire contents of the 
ship is known as the general manifest^ and from this 
a series of particular manifests have to be prepared 
for each port to show what cargo is to be discharged 
there. Copies of the particular manifest, with at 
least one of the general manifest, all signed by the 
captain, have to be delivered to the customs 
authorities at the various })ortR. In many ports 
lists of the ship’s effects and stores have to be 
delivered and these are made out by the purser. 

Bills of lading, which are receipts for the goods 
taken on board, are signed by the caf)tain or the 
purser. They must corres]iond with the total of 
cargo by the officers’ gangway hooks in which the 
officers in charge of the hatches enter every package 
that is received. 

Passenger Lists. On passenger vessels, one 
or more passenger lists have to be prepared for each 
port unless all passengers are entered in the cowmen/, a 
document enumerating everything on board theshi]), 
and all crew' and passengers. Besides these pa|)or8 the 
purser has to sec that the following documents arc 
obtained : The return list, or E.N.(t., W’hieh is a 
list of all members of the crew who have failed to 
join and the names of substitutes engaged. The 
A. A. which is proof that the officers have the 
proper certificates, and the B.B. which is a. sworn 
declaration that the last crew was y>roperly paid. 
The last light biU gives the date up to which all 
light dues have been paid. The cocket card is a 
customs clearance, and the jerking note is a pai^er 
stilting that the ship has been searched for un- 
entered goods, and bearing a list of bonded goods 
on board. The victualling hill is a list of stores for 
use on the voyage, and is endorsed by the customs 
officials. The port clearance authorises the vessel 
to proceed to sea, and the quarantine certificate, 
permits lier to enter another port. 

Besides preserving these papers, and having copies 
made by the clerks, or making them himself, the 
purser has to keep a register of all stores in tlie 
vessel, and of the (juantities issued daily and con- 
sumed as well as of all j)urchases which he may 
make for the use of his shi}>. He checks the. steward’s 
wine bills, and sees that passengers accounts are 
properly made out and delivered weekly. Ho 
sujiervises the daily iiionus for the two saloons, 
and satisfies himself that the victuals served out 
to the crew are in good condition and are at least 
of the amount per man stipulated for in the articles. 
He makes out a list of all valuables cntrusteil to 
his care, and shows it to the captain for verification. 
He makes out the wages bill at the end of the 
voyage and enters thereon any advances that may 
have been made to officers or men on the journey, 
and at the close of the voyage he attends at the 
shipping office with the captain or chief officer 
and personally sees the crew paid off and signed off 
the articles. He is also expected to see that every 
member of the crew receives a pro})cr discharge, 
and in the event of the captain not attending the 
shipping office he must take the discharges to that 
official to be endorsed with the character of each 
recipient. 
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Arranging Freights. On tho voyage, 
should additional freight offer at a port where 
the owners of the vessel have no agent, the 
piurser arranges terms of freight if authorised to 
do 80 ; if not, the captain does this. All the 
passengers’ amusements are under the control of 
the })ur8er, who is expected to be a good all-round 
entertainer and to be a friend to all on board. 

This is only a general outline of the purser’s 
duties, for each company of steamship owners has 
its own traditions, to which the juirser must adhere 
rigidly. In some, for instance, all the chief officer’s 
stores, paints, and so forth, are under the purser's 
control, and he has to see to them being served 
out when necessary, while in other companies the 
purser has nothing to do with deck stores. 

The assistant ]>ursor and the clerks work under 
the direction of the j)urser, and have no accurately 
defined duties. But when only a clerk is carrk^d 
that individual has to do all the ])urser’s duties with 
the exception of those which relate to victualling, 
those being entrusted to the chief steward. 

The Steward's Staff. The steward, 
whether under a purser or not, keeps a record 
of all stores under his ehar^, and of the amounts 
issued to him or by him. This should be made 
up each day. He gives the cooks what is required 
for the daily meals, and sees that the same are 
])ro}>erly cooked. Ho is responsible for the clean- 
liness of the saloons and cabins, and manages the 
lower servants. In fact, he is butler and house- 
keeper in one. To become a stew^ard, the aspirant 
must enter as a cabin boy or under steward, and 
learn the household work of the ship, trusting to his 
own energy to gain him promotion. In most of the 
large companies it is now recpiisite for tho would-be 
stew'ard to show his capacity for waiting at table in 
a sea w'ay before being engaged. 

The prospects of stewards vary. In large com- 
panies the position of head steward is a v'ery lucra- 
tive one, and one of great honour, while on a tram]> 
the steward is only the captain’s servant. It is im- 
])Ossible to lay dowm even an a]»proximate scale of 
l)ay in the domestic department, for everything 
de])endK on the ship and the comj)any it bt'hmgs to. 
Taken altogether, however, sea-going servants are 
much better paid than their colleagues ashore, and 
the life is full of charm. 

Ships’ cooks are of two classes. On liners they 
must be thoroughly trained chefs, capable of 
catering for a first-class restaurant. They have 
usually served an apyircnticeship ashore before 
going to sea as an assistant cook, and then ])erfected 
themselves in tho management of the floating 
kitchen. On tramp steamers and sailing ships the 
cook is an individual who has taught himself, and 
the dinners ho sorve.s up bear testimony to this 
species of training. Shipowners of to-day are at last 
beginning to recognise that a trained cook is lcs,s 
wasteful than the self-taught servant, and a move- 
ment is in j)rogress for the bettering of this class 
of servant. The youth who wishes to sail as a cook 
will do well to obtain some good lessons ashore 
before he offers himself for a post, and his chances 
of promotion and regular work will be greatly 
increased thereby. Cabin stewards and waiters 
are really sea-going housemaids and parlourmaids. 

The Engineer’s Department. In this 
department the line is rigidly drawrn between the 

Transit 


officers and the crew, just as happens on deck. In 
olden days the executive officers of the steamer used 
to look down on the engineers, but better feeling 
has now sprung up, and the engineers are held to be 
engineer officers, and are treated as gentlemen. 
The training of a marine engineer is discussed 
on page 63f>(). 

Greasers are the labourers of the engine-room. 
They act entirely under the orders of the engineer 
of liie watch. They arc exfH*cted to have had some 
ex()erience ashore in engine-rooms before they ship 
as greasers. I’heir duties arc varied. They have to 
keep the engines prox)erly liibiicated, to a.ssist 
in rei)airs of every kind, and generally to assist 
in the hundred and one odd jobs which crop up 
in the engine-room. They have no future before 
them. 

The firemen s]>cnd their watches in the stoke- 
hold, feeding the giant furnaces which heat the 
boilers. They are iHbouiejTS pure and simple, though 
some ex])crience is necc.ssary before they are able 
to get the best value out of the coal they are using. 
They begin as ordinary stokers, and can eventually 
rise to be a leading fireman, when they will have 
subordinate charge of one watch of stokers. Under 
the foreman stoker, or leading fireman, are several 
trimmers, w'hose duty it is to enter the coal bunkers 
and see that the coal is proj^erly fed down to the 
coal ports in the stokehold, .so that the firemen can 
get at it to .shovel it into the furnaces. When not so 
employed they are engaged in w^orking the ash hoist, 
clearing out the w'aste cinders, and throwing them 
overboard. The coal-trimmer is the lowest servant 
on a steamer, and his work is both unpleasant and 
insanitary, the coal-dust often causing fatal lesions 
to the lungs. 

General Ship’s Routine. At regular inter- 
vnls during a voyage on every vessel the crew are 
piped to fire stations. The exact position of every 
member has been a])portioned by the chief officer 
and on the pipe going, each man, save the officer of 
the w^ntch, the engineer on duty, the quartermaster, 
and greaser, and the principal stokers, have to run 
to the places assigned to (hem. The hoses arc fitted, 
pumps maimed, or steam ])umps started, and every- 
thing made ready for .su])] ires. sing an outbreak. 
This is practised until each member can |JCrform 
his duty without the least hesitation or confusion. 
Similarly, boat stations are practised until each 
officer and man know s just w here he has to take his 
place in a boat, and what part he has to play in 
the general work of saving life in case of need. 
Muster of all hands takes place on Sunday morning, 
as a rule, when the captain, chief officer, chief 
engineer, and purstr inspect the shi]>’.s crew, and also 
visit the various portions of the ship to sec that all is 
clean and in good order. On weekdays, in well- 
regulated vessels, tho throe heads of departments — 
chief officer, engineer, and purser — inspect the ship 
and report all clean and well found. 

ronoluding this section, wv may say that the sea 
offers an honourable and fascinating calling to 
healthy men. The prospects, especially in the deck 
department, are good ; the life is full of change 
and is healthy, and, taken all round, sailors are 
capital fellows, and make firm and loyal friends. 
No large fortunes can be made at sea, but the sailor 
can lay by enough for his old age, and he is always 
well fed and housed. 

concluded 
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GREEK By G. K. Hibbert, M.A. 


PROSE COMPOSITION 

T'HE student has now arrived at a p<^»int wlien 
^ he should devote considerable time to turn- 
ing passages of English prose into (Jreek. While 
a rough working knowledge of a language can be 
attained a it lout doing much composition, it is 
f»nly by means of considerable attention given 
to composition that an accurate knr)wle<lge can 
be actpiired. 

The student is earnestly recommended to pro- 
cure Sidgwick’s “ First (ireek Writer ” (3s. (id.), 
and when he has w<»rked through this, to pro- 
ceed to Sidgwick’s “ Greek Prose Composition ” 
(5s.). Both these bof)ks are published by 
Rivingtons, and can generally be picked up at 
a second-hand lK)ok-shop. Each contains an 
English -Greek vocabulai’y, but if the student 
should feel the need of an Phiglish -(ireek 
dictionary, there is a good one by Yonge, 
published at 8s. 6d. by Longmans. 

It is, however, advisfible tf> rely more on the 
Greek-English dictionary than on the Phiglish- 
Greek, for the former shows us the vsage of the 
Greek word, and gives us the did’event shades 
of meaning. If in turning English into (ireek 
we cannot think of the Greek for a certain 
English word, we can generally think of some 
syntmyni, or recast the whole phrase so as to 
bring it into a form that we can translate into 
Greek. P’<»r examj)lc, instead of “ in a state of 
felicity,’’ we could say “ being h"*ppy," 

; instead of “he rejected this overture,” 
we could sjiy “ he did n<»t wish to d<» this,” 
oi'K ijOiXe ravra TTparreiv, and so on. 

In a preceding part of this course [page 5808] 
we gave the fable of the frogs asking for a king ; 
let us now render into (ireek John Milton’s 
reflections thereon : 

The of the Fium;s : its Moral 

“Nor are you haj}pier in the relating or the 
moralizing your fable. ‘ The frogs ' (being once 
a free nation, saith the fable) ‘petitioned 
Jupiter for a king : he tumbled among them a 
log : the}’ found it insensible ; they petitioned 
then for a king that should be active : he sent 
them a crane ’ (a stork, saith the fable), ‘ which 
straight fell to [)ecking them uj).’ This you 
ap]jly to the reproof of them who desire change : 
whereas indeed the true moral Shows rather the 
folly of those who being free seek a king ; w’hich 
f(|r the most part either as a log lies heavy on 
his subjects, without doing aught worthy of his 
dignity and the charge to maintain him, or as a 
stork is ever pocking them up and devouring 
them.” 
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Before attempting to turn this into Greek we 
should do well to re-write it in English that is 
simpler and more adaptable to the Greek idiom, 
somewhat as follows : 

“You appear neitlier to tell nor to under- 
stand the myth aright. P''or the frogs (having 
become free, says tlie stt)ry of old) asked Zeus 
for a king : therefore he threw down a log, which 
to them indeed seemed something senseless, so 
that they asked for an active king. Thereftue 
he sent a crane, or which the myth says a stork, 
and ho immediately ate them up. And this 
you reproach to those desiring change ; but 
rather it wishes to tell the folly of those being 
free and desiring a king, who for the most part 
either opiiresses his subjects as a log, not doing 
anything in accordance with his dignity and the 
expense of his keep, or, as a stork, always seizes 
them and eats them up.” 

Greek Versi(>n of the Above 

TOP yhp fxvdov oiVc 6p$ws X^yeip oiVe avviepai 
4>aiP€a0€. ol yiip pdrpaxoi (\iyei to irpiPy dXfiWe pot 
y€p6/j.€Poi) t6p Ala ^aciKia 'pT7}<ravT0' ^^\op odp 
KaTtfia\(v^ 6 avroU dvaiaBrjTov ri f5o^ep, Cxrrt 
^acriXia airti<r0ai KapT€p6v. y^pavop oT>p fTr€pL\//€P 
(^ 6p 6 fAvSos \{yei irfXapyop)^ 6 €v$vt KUTijorOup 
avTOvs. Kai ravra rots fiera^oXrjs iTridv/xovcip (dative 
plural of present participle of ^wiBvfjL^w, governs 
genitive) dpeidl^ere. dWd /ulSXXop (ioOXerai pnopiap 
X^ydP rrjp rwp eXfvO^puv 6pru3P (present fwirticiple 
of €//u/) Kai paaiX^tjJi iTriOvfioi^prup^ dairep €Tri rb rroXv 
^ ws ^I'Xov ftapi'tpfi Tou? inrrjKbov^ of^ri “o-pos rb d^liaua 
Kai rrfp rrj^ rpotprj^ Sairdpi/fv ttoiuv, ^ lis ireXapybs dei 
KaraXapL^dyfi ain-ovs Kai Kar^aOl^i, 

Note. As an exercise, the above might be 
translated back again into English after the 
lapse of a few days from the first reading. 

General Concluding Remarks. Greek 
differs from English, French, German, and most 
modern t^mgues, in its greater simjdicity of 
expression. It puts things in a direct and con- 
crete form without artificiality and allusiveness. 
Thus : 1 . Where we think of a man as a person, 
a complex set of attributes, the Greeks would 
either think of him as a body, a visible and 
]ml]>able object, or they would denote him 
i)y some obvious part of his body — e.gr., head, 
face, or breast, as df (^IXrarop ndpa, O dearest 
head. 

2. Where we talk of an abstraction, they talk 
of a thing. Thus the Greeks constantly use 
the neuter adjective with the article in place of 
an abstract noun — e.gr., rb KaXbp, honour ; rb 
wip^Xifiop, utility. So a comjflex abstract idea is 
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expressed as two ideas — e.gr,, TpoaLp€<rts xal voXl- 
reia, political principles ; irpa^i^ . koX trvpifiaxia, 
negotiations for alliance. 

3. The Greeks possessed a great love of 
moderation and of the due mean, as opposed to 
anything strained or extravagant (c/. their use 
of €l instead of dn after 

K.T.X.). They did not borrow from other tongues 
when a native word would do. In this respect 
no cultivated tongue is so pure as Greek, which 
in classical times had only 2^ per cent, of loan 
words, compared with 14 per cent, in Latin. 
Greek is also sparing of the use of metaphors ; 
hence expressions like “ They cast about,” 
“Night drew on,” “He boc^ime a laughing 
stock,” “On the field of battle,” “Silence 
reigned,” must be translated into Greek without 
the metJiphor — thus ; ^crKd-n-ow, eir^Xde, yeXotos 
iy^P€To, fiax^iJLCPOs, ip i)avxi<l- 

As to Syntax, w’e may note that : 

1. Greek is the richest of all languages in 
particles — according to Aristotle the one nicety 
that no barbarian could master ! Kvery sentence 
unless beginning a treiitise, or because of vivid- 
ness, is joined to a previous <)ne by a connective 
particle, while in English the sequence of 
thought is left to be gathered from the arrange- 
ment of the clauses. 

2. The Greek verb system is far richer than 
Latin, and can express many more shades of 
meaning. It has preserved many forms of the 
original verb of the parent speech — e.g., the 
dual, the middle, and the aorist as distinct from 
the perfect. Very interesting is the Greek use 
of the aorist. In the indicative mood it does 
generally denote past time, but in all other 
moods the aorist has no connotation of “j)ast.” 
In these other moods the aorist regards the act 
as a single occurrence, not considering it as 
protracted, while the present regards the act as 
extended in time. Examples : poarj<rai, to fall 
sick ; vo(Tflp, to be sick. ire?<rai, to prevail ; 
ireWeip, to urge. €iirvxT}3rai, to get a stroke 
of luck ; €VTvxfiv, to enjoy continued good 
luck. 

In the indicative, the aorist is constantly used 
where w^e should use the pluperfect. In fact, 
the pluperfect is seldom used in Greek, 
while the aorist can hardly be usevl too fre- 
quently. 

We may here note an idiomatic use of the 
present tense, an idiom which is found also in 
French, to denote that the act or practice 
described extends from the past up to the 
present time — as : 7rd\ai irpotrdoKio, I have been 
waiting a long time ; rpla ijdri irrj poadf I have 
been ill these three years. 

3. Greek prefers a personal to an impersonal 
construction. Thus, for “It is right for me to 
do it,” they say dUatdi ct’/ai Toieip, I am right to 
do it ; also S-Kaids ea-rip diroXcjXipaif It is right 
that he should be hung ; <paP€p6i elpn rotw '. It is 
plain that I am doing it. So from piXei pot, it 
is a care to me, comes pix<a^ I care for ; from 
boK€i jnoij it seems to me, comes doKO, I think, or, 


I think it best ; from bel, it lacks, comes 
I lack, and so on (c/. “ I am well ” for “it is 
well with me,” and “if you please” for “if it 
please you ”). 

The Order of Words 

In English the order of speech is as a rule 
the same as the order of thought ; only occasion- 
ally is it changed to emphasise some particular 
word (e.gr., “ He saved others, Himself he cannot 
save ”). In Greek, which is a highly inflexional 
language, the termination of the word generally 
shows whether it is subject or object, and so 
the order is much freer, and depends much more 
on emphasis than on the order of thought. 
The emphatic w’ord is put liist or last in the 
sentence. In Latin, as in modern German, the 
verb is mostly considered the emphatic word, 
and is put at the end ; but this is not so in 
Greek. The order of words in Greek is far 
more natural than in Latin, being almost as 
natural as in English ; above everything the 
Greeks avoided artificiality. In English, when 
any two words are o]3poaed to other two words, 
the same order is kept in both clauses, but 
in Greek the order of the second clause is 
usually reversed— c.g., rds TpupM flip etao) 
di rds TTpitfiva^ (Thuc. II, 83). This is called 
Chiasmus, 

For the sake of clearness the Xtih orators 
often put the relative clause before that which 
contains the antecedent ; this is done very 
frequently by Demosthenes — «.(?., nepi & ih'drepoi 
<r7roif6di^€Tej ravr dfieipop eKarepott ^x^h Each of 
you is superior in the points in which you 
respectively tiike most interest ; A Si pup diro- 
Kpipdfiepoi rd Siopr Slp ftrfr ixj/yjfpifffiipoiy tolut i}ST) 
Xi^u), I will tell you now wdiatyou should answer 
so as to arrive at the proper decision. 

Greek is par excellence the language of 
naturalness and of clearness; if we read it, it 
cannot fail to clarify our thinking ; if we 
write it, it will both simplify and dignify 
our style. 

Kky to Translation, page 6672 

Kujviayjy irfb^ Xiopra ^Xffc Kai Afyey ' Oure tpo^ovpal 
are, oifre laxvpdrepds fiov el' ris ydp <rol earip tj 
S ifpafiii ; roZy 6yi>^i Kai SdKPen tois dSovci ; 

Tovro Kai yvv^ rtp dvSpi fiaxofxipyj rroiei. iyu) Si TroXi> 
eifil (Tov Icrx^pbrepos, Kai ei AAets, k'Xdwfiep Kai f/s 
TrSXffiopJ Kai 6 KWPU)\f/ iSaKPe rd tov XioPTOs Arpixa 
TTpSawira irepi rds ptpai. 6 Si Xdcap roZs iSlois Spv^ip 
i^vep eavrbp, t'los o5 ifyapdKTrjaep' oC'tws 6 Kihpojyp 
iplKTfcre rbp Xiopra Kai dvrjXdep. iveae (from irLirru)) 
Si els rbp dpdxvTf^ Searfxbp Kai diewSupeTO (from diroSif- 
pofiai), Sti ePLKrja-e Xiopra, lax^p^arop Orfpa, dXX’ 
diribXero (from dirbXXvp.i) vwb eureXoPs tt)s 

dpdxerfs. 

As practice in translation, the student might 
after a lapse of a few days write out the above 
in English. 

Note. For the treatment of accents the 
student is referred to Rutherford’s or Goodwin’s 
Greek Grammar (Macmillan). 


Gtiese concluded 
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TABLE OF ROOT WORDS IN LATIN AND GREEK 

With their Derivatives in English, French, Italian and Spanish^ 

By CJ. K. Hibbert, M.A, 


In Engliali» French, Italian and Spanish, a 
great many words derived from the Siime Latin 
or Greek root- word nndergo changes more or 
less consistent in all four languages. Conse<juently, 
as a general rule, when we know the English word 
derived from the Latin or Greek, we can construct 
the corresponding word in French, Italian or 
Spanish. Below are set forth the most common 
rules in this connection. 'J^hese should be carefully 
noted, as in the list which we are giving only the 
cjcci'pHonft to these rules will be noted. That is to 
say, only when a word of Greek or Latin origin 
undergoes an irregular change in any of the other 
languages will that word be given. This will 
save the needless repetition of numerous words 
whicli the student, with these rules before him, 
can form for himself. 

It should be mentioned that German is not 
included in this list because German is largely 
Teutonic in its structure, and not (like French, 
Italian and Spanish) of Classical or Romance origin. 

The following scheme gives the princi]»al rules 
for the respective languages, the English word 
being taken as the basis in each case. 

Nouns 


A. Greek Derivatives 


English 

Ending 

French 

Italian 

Spanish 

(agony) 

(agonic) 

(agonia) 

(agonia) 

e 

e 

<1 

a 

(parable) 

(parable) 

(para})ola) 

(parabola) 

a 

e 

a 

a 

(asthma) 

(asthin ') 

(asma) 

(asma) 

t, 1. jri. 

and most add e 

consonants 

add 0 

add 0 

ics 

ique 

ica 

ica 

(mechanics) (mccanique) (nieccani'M) 

(mecanica) 

ch 

(pie 

ca 

ca 

(monarch) (inonarque) 

(monarcii) 

(monarca) 

IS 

e 

i 

is 

(crisis) 

(crise) 

B. Latin 

(crisi) 

Derivatives 

(crisis) 

tor, sor, or, 

eur 

ore 

or 

our, er 

(doctor. 

(docteur. 

(dot tore. 

(doctor. 

emperor) 

empcrcur) 

ini ])cra tore) 

cmjierador) 

ary 

airc 

ario 

ario 

(lapidary) 

(lapidairo) 

(lapi<la rio) 

(la]»idario) 

ate 

at 

a to 

ado 

(legate) 

(legat) 

(legato) 

(legado) 

age 

age 

ffgio 

aje 

(voyage) 

(voyage) 

(viaggio) 

(viaje) 

ty 

tc 

ta 

dad 

(vanity) 

(vanitc) 

(vanita) 

(vanidad) 

ion 

ion 

ione 

ion 

(action) 

(action) 

(azione) 

(aceion) 

ain 

ague 

agna 

ana 

(mountain) (rnontigne) (montagna) 

Adjectives 

A. Greek Derivatives 

(montaha) 

English 

Ending 

French 

Italian 

Spanish 

ic 

iqne 

ico 

ico 

(cosmetic) (cosrnctique) 

(cosrnetico) 

(cosmctico) 

ac 

a(pie 

aco 

aco 

(maniac) 

(maniaquo) 

(maniaco) 

(maniaco) 
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English 

Ending 

French 

Italian 

Spanish 

an 

e 

a 

a 

(cosmo- 

(cosmo- 

(cosmo- 

(cosmo- 

politan) 

polite) 

polita) 

polita) 

al 

B. Latin 
al 

Derivativ^es 

ale 

al 

(general) 

(gimeral) 

(generale) 

(general) 

ain 

ain 

0 

o 

(certain) 

(certain) 

(cierto) 

(cierto) 

ar 

icr 

arc 

ar 

(singular) 

(singulier) 

(singolare) 

(singular) 

nrv, arious 

a ire 

ario 

ario 

(gregarious, (grdgairc. 

(gregario. 

(gregario. 

necessary) 

nrei'ssaire) 

necessario) 

necesario) 

ian 

ien 

iano 

iano 

(Christian 

(Chretien) 

(CVistiano) 

(Cristiano) 

ine 

in 

ino 

ino 

(feminine) 

(feminin) 

(feminino) 

(femenino) 

ic 

i(pie 

ico 

ico 

(public) 

(publique) 

(juibblico) 

(publico) 

ous, ose 

eux 

oso 

oso 

(coy)ious, 

(co))ieux, 

(cofiioso, 

(coT)ioso, 

verbose) 

verluMix) 

verboMo) 

vorooso) 

aeiouH 

ace 

ace 

az 

(loquacious) 

(loqiia(‘e) 

(locpiaee) 

(loquaz) 

ive 

if 

ivo 

ivo 

(caj)tive) 

(ca])tif) 

(cattivo) 

(cautivo) 

estrial \ 

estrian 1 

cstre 

estre 

cstre 

(terrestrial. 

(terrestre. 

(terrestre. 

(terrestre. 

equestrian) 

eipiestre) 

e<iuestro) 

ccuestre) 


Verbs 

A. (iREEK Derivatives 


English 

Ending 

French 

Italian 

Spanish 

ise, ize 

iser 

are 

ar 

(baptize) 

(haptiscr) 

(battc’are) 

(bautizar) 

fy 

B. Latin 
lier 

Derivatives 

ticare 

ficar 

(edify) 

(editier) 

(edificare) 

(editioar) 

ish 

ir 

ire 

ir 

(nourish) 

(nourrir) 

(nutrire) 

(nutrir) 


er 

a:e 

ar 

— (dem under) 

(demandare) 

(demandar) 


n* 

ere 

er 

— 

(croire) 

(credere) 

(creer) 


ir 

ire 

ir 

— 

(vetir) 

(vest ire) 

(vestir) 


There arc, of course, many changes at the be- 
ginning or in the middle of words as they })a88 
from one language to another, but these cannoli 
be noted here in full. A study of the following 
list will make the juajority of these changes clear. 

Latin 

(Note. French; / = Italian; aS — Spanish.) 

Aokr, sharp ; Acuo, / sharpen : acid, acrid, 
acrimonious, acute, acumen, acerbity, vinegar (sour 
wine). F acre, aigu, aigre. / acre. S agudo. 

ACdks, luiuse : edify, edifice (facio =-= I make). 

yl^Tguus, levd : equal, equity, equator, equivalent, 
equinox, adequate. F <!*gal, ^^quateur. 1 uguale, 
equinozio. S igual, ecuodor, equinoecuo. 

iFsTiMO, 1 value : estimate, estocm, aim. 
1 Htima ( =- esteem, noun). 

ACvum, age : coeval, primeval. 

Ager, fidd : agriculture, agrarian. I agrimen* 
sore (land-surveyor). 8 agrimensor. 



ROOT WORDS 


Aao, I drive, I do : act, agent, agile, agitate, 
exigent, cogent, cogitate, litigation. F agir (to 
act). I atto (an act). S accion. 

Albus, white : album, albumen, Albion, albino. 
F aube (alb). I albeggiante (whitish). S albar. 

Alius, other ; Alter {the other of two) : alias, 
alibi, alien, alter, altomttte, “ alter ego,*’ altruism. 
F autre. I altrni, altrove, altramente. S otro. 

Altus, high, deep: alto, altitude, exalt, /’altier 
(haughty). I alto, altura, altero. 8 alto, altivo. 

Ambulo, I walk : amble, perambulator, som- 
nambulist, ambulance. I ambio. 8 aniblar. 

Amo, I love : amour, amorous, amateur, amatory, 
amicable, inimical, amiable, amenity. F aimer. 
1 am ore. 8 amor, amigo. 

Anoo, I choke : anger, anguish, anxiety, angina 
pectoris, F angoisse. I angore, ansicta. 8 ansia. 

Anima, breath : animal, animate. Animus, mind : 
animadvert, magnanimous, unanimous. 

Annus, year ; annual, annuity, anniversary, 
millennium, perennial, biennial, centenary, solemn. 
F annee. 1 anno, perenne. 8 ano. 

Aterio, 7 open : April, aperture, a)»crient. 
F Avril, aperitif. I Aprile, apritivo, apriporta 
(door-oi)ener). 8 Abril, abertura. 

Aqua, water : aquarium, aquatic, aqueduct. 
F eau, aquarelle (painting in water-colours). - / 
acqua, acqiiidotto. S agua. 

Ardeo, / hum : ardent, arson, ardour. 

Artus, a joint : article (a little joint), articulate. 
7 articolo. 8 articulo. 

Audeo, 7 dare : audacious. S audaz. 

Audio, 7 hear : audience, audible, audit. F aiidi- 
toire, audition. 7 udire, 8 oir. 

Augeo, 7 increase : augment, auction, author, 
authority. F auteur, octroi. 7 aumentarc, autorc. 

Aitris, ear: aurist, auricular. F oreillo. 7 orcc- 
chio. 8 orejn. 

Aurum, gold : auriferous, aureole, oriole, oriel. 
F or. 7 oro. 8 oro. 

Avis, bird : aviary, auspicious (ausj)ico — avi- 
spicium, drawing an omen from watcdiing birds). 

Barba, heard : barb, barber, barbel. F barbon 
(groy-beard, dotard). 7 barbone. 

Bkllum, war : duel (original form of helium was 
dueUum), bellicose, belligerent, rebel, revel. F belli- 
queux. 7 ribelle. 8 belico. 

Bene, well : benefit, benign, benediction, benevo- 
lence. 

Bis, twice : biscuit, bi-sect, bi-furcate, biceps, 
binocio, binomial, combine. F bis (encore !). 

Bonus, good : bon-bon, bonny, bonus. F bien, 
bon. 7 bene, buono. 8 bien, bueno. 

Brevis, short : brief, brevity, breviary, semi- 
breve, brevet, F bref. 7 and iS breve. 

Cado, 7 fall : eadaverous, cadence, cascade, 
chance, case, casual, casuistry, ac-cident, oc cident, 
oe-casion. F caa. 7 and 8 caso. 8 caer (to fall). 

C.4’:do, 1 cut, 1 kill ; homicide, suicide, incision, 
concise, circumcision. 

C. 1 -LUM, hcavcM, sky: celestial, ceiling. F ciel. 
7 and 8 cielo. 

Candko, 7 shine : candid ( = white), candidate 
(at Romo applicants for office dressed in white), 
candle, in-cendiary. F chandelle, incendie (fire). 
I m\d 8 candela, incendio. 

Cano, 7 sing : chant, incantation, recant, canticle, 
cantata, canto. F chanter. 7 enntare. 

Capio, 7 take : captive, caitiff, capable, capacity, 
accept, receptive, receive, conceit, capstan. F rece- 
voir, cabestan. 7 catti vo, ricevere. 8 cautivo, recibir. 

Caput, head : capital, cape, capitulate, captain, 
chief, chapter. F capitaine, cliof, chapitre. 7 capi- 
tano, capo, oapitolo. 8 capitan, cabeza, capitulo. 


Caro (gen. carnis), flesh : carnage, carnal, car- 
nation, incarnation, carnival, carnivorous. F chair. 
1 and 8 came. 

Causa, cause : cau,se, excuse, accu,se, recusant. 
Cedo, 7 go, I yield : cede, cession, recede, abscess, 
success. F ceder. 7 cedore. 

Centum, a iiiindrcd: cent, century, centipede. F 
cent, centime. 7 cento, centinaio. 8 ciento. 

Cerno, I distmguish : discern, concern, discreet, 
secret (from the supine cretum). I segreto. 

Charta, paper : chart, charter, card, carte, 
cartoon, cartridge. F carte. 7 and 8 carta. 

Civis, citizen : civic, civil, city. F cife, citoyen. 
7 citta. 8 ciudad. 

Clamo, 7 shout : clamour, claim, proclaim, 
reclaim. 7 chiamare, clamarc (to call). 

Olaru.s, bright : clear, claret, clarion, (ilarify. 
F clair. 7 chiaro. 

Claudo, 7 shut : clause, close, closet, cloister, 
include, conclude, preclude. F clos, cloitrc. 
7 chiuso, chiostro. 8 claustro. 

Colo, 7 till : cult, culture, cultivate, colony. 
7 and 8 culto (worship). 

Contra, against : country, counter, counLCrfeit, 
countermand, contrast, contrary, contradict. 

CoQUO, 7 boil : cook, concoct, decoction. 7 
cuoco. 8 cocinero. 

Cor, heart : cordial, concord, record. F coenr. 

7 cuorc. (S? eorazon. 

Corpus, body : corporation, corps, corpse, cor- 
pulent, incor])orate, corporal. 7 corj)©. 8 ciior])o. 

(/redo, 7 believe : creed, credit, incredible. 
F croire, croyaiice. 7 credo, credenza. 8 creer. 

Cresco, 7 grow cretuyn) : crescent, increase, 
concrete, recruit. F croitre, croissant. 8 crccer. 

C!Jri’X, cross : crucial, crucible, crucifix, crusade, 
F croix, croisado. 7 croce, crociata. 8 cruz. 

(\rRA, cure cure, curate, curator, curious, 
sinecure, procure, proctor ( — procurator), secure, 
sure. 8 cu idado. 

(/iTRRO, 7 run : cursive, cursory, current, corridor, 
curriculum, course, discourse, concourse, concur, 
recur, incur. F courir. 7 correre. 8 corror. 

Debeo, 7 owe : debit, debt, due, duty, debenture. 
F devoir, dette. 7 doverc, debito. 8 deber. 

Decem, ten : December, decimal, decimate. 
F dix. 7 dieci. 8 dicz. 

Dens, tooth : dent, dentist, trident. 8 diente. 
Deus, Divrs, god : deity, deify, divine, divinity. 
F dieu. / dio. 8 dios. 

Dico, 7 say : diction, dictate, predict, contradict. 
F dire. 7 dire. decir. 

Dies, day : diary, diurnal, quotidian, adjourn, 
journal, journey. F jour. / giorno. 8 dia. 

Dionus. worthy : deign, dignity, disdain, condign. 
/ degno. 

Do, Dono, 7 give, I put : donation, ooii-done, 
pardon, date, add (ad-do), e-dit. F donncT. 7 dare. 

Doceo, 7 teach : docile, document, doctor, doc- 
trine. I dottore. 

Dominl’s, lord : dominate, domain, dame ( -- do- 
mina), domino, dominie. T'dinianchc ( —dies domini- 
ca, the Lord’s Day). I domenica. 8 duenna. 
Domus, home : domicile, domestic, dome. 

Dormio, 7 sleep : dormant, dormouse, dormitory. 
Duco, 7 lead : duke, duct, educate, conduce, 
reduction. F due, conduire. 7 duca, condurre. 

8 duque, conducir. 

Dulcis, sweei : dulcet, dulcimer. F doux. 7 
dolce. 8 dulce. 

Duo, two : duet, dual, dubious, doubt. F deux. 
7 due. 8 dos. 

Emo, 7 buy. Sumo, I take, (sub-emo) .• redeem, 
exempt, ransom, consumption, presume, assume. 
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Ko, Itum, I go: exit, exeunt, trnnait. trance, issue, 
itinerate, obituary, initial, perish. Gcvmks= com- 
panion, one who goes with : count, concomitant. 

Equi's, horse : equine, equestrian. 

Fabek. workmttn : fabric, fabricate, forge. 
1 fabbro (forger). 

Facio, I make : fact, feat, faction, face, su|)erfioial, 
defeat, infect, comfit, confectioner, fortify, de fy, 
efficient. Ffaire, fait. / fani, fatto. *S’ haeer.hccho, 

Fallo, / deceinr : false, infallible, falter, fail, 
fall, fault. F faillir, faux. S faltar. 

Fero, 1 bear (supine latum) : fertile, suffer, 
transfer, translate, legislate, dilate, confer, voci- 
ferous. / trasTerire. 

Fkrveo, I boil : fervent, ferment, effervesce. iJ? 
hervir. 

Fido, / trust : fidelity, fiduciary, confide, perfidy, 
defy. F foi (faith). / fode. *S’ fe. 

Finoo, I shape : fiction, feign, figure. F feindre. 
/ finzionc. S ficcion. 

Finio, / end : line, final, finish, finite, infinite, 
define, infinitive. 

Fisens, pitrse^ treasury : fiscal, confiscate. 

Flaoro, / burn : flagrant, conflagration, flame, 
iniiammation. / fiainma. S Hama. 

Yho^lblou' : flatulent, inflate. Fenffer. / enfiare. 

Flos, flower : florid, florist, flourish, flour, 
efflorescence. F fleur. / fiore. H Hor. 

Fluo, 1 flow : fluid, flux, fluctuate, fluent, 
affluent, confluence, influence, influx. 

F(.Enus, a treaty (akin to tides, faith) : federal, 
federation, conVderate. 

Folium, leaf : foil, foliage, folio, trefoil, F feuille. 
I foglia. hoja. 

For, Fans, Fatum, I s, cal: : fame, infamous, 
fate, fatal, infant, confe.ss, nefarious. 

Fortis, strong : fort, fortress, forte, fortify, 
fortitude, comfort. S fuerte, 

Franoo, / break : fragment, fracture, fraction, 
fragile, frail, infraction, refraction, infringe. 

Frater, brother : friar, fraternity, fraternal, 
fratricide. F fn'u*e. I fratello, fra. 

Froxs, brow : front, frown, affront, confront, 
frontage, frontier, frontisjiiece. 

Frtor, / enjoy : fruit, fruition, frugal, usufruct. 
I frutto. S fruto. 

Ficio, 7 flee : fugitive, fugue, refuge, subterfuge. 
F fuir. I fuggire. S huir. 

Fundo, / pctur : funn 1, foundry, confound, 
confuse, refund, refuse, fuse, futile, fountain, font. 

Fundus, bottom : fund, fundamental, foundation. 
F fond, I and S fondo. 

Funoor, 7 'j erform : function, perfunctory. 

Gelo, 7 freeze : gelid, gelatine, galantine, jelly, 
congeal, F gelee. Also ( ii.Acurs, ice : glacier, glace, 
glass. 1 ghiaccio (ice). hiclo. 

Gero, 1 bear : gerund, gesture, gesticulate, jest, 
suggest, digest, vice-gerent, belligerent, register. 

Gradior, I step : grade, graduate, gradual, 
digress, transgress, egress, aggression, degrade, 
degree. 

Gravis, heavy : grave, gravid, gravity, grief. 

Grex, //oc^ : gregarious, eg egious, congregation. 

7 gregge. 

Gusto, I taste : gusto, disgust. F gofit. 7 and 
S gii.sto. 

Hareo, 7 have : habit, have, exhibit, inhibit, 
prohibit. F avoir. 7 avere. S haber. Also a 
frecpientative form, Habito, I dwell : inhabit, 
habitatioru haunt, cohabit. 

H /ERj:f », 7 stick : adhesive, hesitate, cohere. 

Homo, man : homicide, human, humane, human- 
ity. F homme. / como. S hornbre. 

Horreo, 7 brittle: horrid, horror, horrible, abhor. 
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Hospes, guest : hospital, ho8])ice, hospitable, 
host, hostel, hotel. 7 osjiedale. S huesped. 

Hostis, enemy : host, hostile. /S’ hueste. 

Humeo, 7 am moist : humid, humour. 

Humu.s, ground : humble, humiliate, exhume. 
7 umile. N huniilde. 

Idem, same : identity, identify, identical. 

Ira, anger : ire, irascible, irate. 

Jacio, I throw : ejaculate, object, reject, adjec- 
tive, conjecture, ]>rojectile, jet, jetsam. JP jeter. 
7 gettare. S eehar. 

Judex, judge : judieial, adjudicate, prejudice. 
F juge. 7 giudice. S juez. 

JuNGO, 7 join : juncture, junction, joint, con- 
junction, injunction. F joindre. 1 giungere. 6’ 
juntar. 

Juro, I swear: jury, conjure, adjure, perjury. 
1 giuri. S jurado. 

dus, law : just, jurisdiction, jurisprudence, injure- 
7 giusto. 

.luvo, 7 help : adjutant, jury (mast). 

Labor, 7 glide. : hi])se, collajise. relajiso. 

L EDO, 7 hurt : lesion, elide, collide, Icsc-majestie. 

Lapis, stone : lapidary, lapis lazuli, dila))idate. 

Lavo, 7 wash : lave, lavatory, lotion, lava, 
lavender, lavish, laundry. F laver. 7 lavare. 

Lego, 7 gather, I choose. 1 read : neglect , collect, 
elect, intelligent, lecture, lesson, college, legion, 
legend, legible. F lire. 7 Icggcre. S leer. 

Lego, 7 depute : legacy, lcigatc(\ legation, rele- 
gate. F legs. 

Leo, lion : leonine, leo]>ard, lA'onard, Loandor. 

Levo, 7 lift : levity, l(‘vy, Levant, elevator, levee, 
lever, relieve, alleviate, h'gerdeiiiain. 

Lex, law : legal, legitimate, legislate, ])rivilege. 
F loi. 7 legge. S Icy. 

Ligo, 1 bind : religion, obligation, league, liga- 
ture, ligament, colligate. F Her. 7 Icgare. 

Linquo, 7 leave : delinquent, relimpusli, relict, 
derelict. 

Litkra, letter : literal, literary, lit<‘rature, illiter- 
ate. F lettre. 7 lettera. iS I(‘tra. 

Locus. })lnce : local, loc'ate, locomotive, locum 
tenons. F lieu. 7 luogo. *S’ liigar. 

jAigrou, 7 speak : «‘lo(]uent:, collixjuy, loqua- 
cious, elocution, magniloquent, soliloquy. 

Lriuco, J shine : lucid, iHiicidatc, lucent, lunar, 
lunatic, luminary, illumine, F liiire. 7 luecre. 

Ludo, 7 play : elude, j>relude, delude, collusion, 
illusion, ludicrous. 

Magnus, great : main, magnatt', magnify, magni- 
tude, niajesty, major, mayor, magistrate, master. 
F niaire, inaitre 1 and S maestro. 

Malus, had : malady, malaise, mal-dc-mcr, 
malaria, malefactor, nialevohmt, maltreat, malice, 
malignant, malinger. 

Maneo, 7 remain : mansion, manse, manor, 
menial, remain, remnant, p(*rnianent. F maison. 

Mani.'s, hand : manual, manufacture, nianu- 
Hcri]»t, manicure, manifest, nianijiulatc, niana*iivrc, 
emancipate, maintain. F main. 7 and 8 iiiano. 

Mater, mother : maternal, matricide, matricu- 
late, matrimony, matron. F mere. 7 and S madre. 

Medkor, 7 heal : modicino, medicate, remedy. 
F lucdecin (doctor). 7 medico. 

Mkdiu.s, middle : median, mean, medium, meri- 
dian, medieval, mediocre, Mediterranean, imme- 
diate. F moyen, milieu. 7 mezzo. 

Memor, viindful : memoir, memorable, memory, 
commemorate, remember. 

Metior, Mensuh, / measure : mensuration, com- 
mensurate, immense. 7 misurare. S medir. 

Miles, soldier : military, militia, militant, mili- 
tate. S militar. 



ROOT WORDS 


Mille, thousand : mile, millennium, million, milli- 
metre. T and 8 mil. 1 mille. 

Minfo, / lessen : minus, minor, minim, mini- 
mise, diminish, minute, minister, minstrel, minuet, 
minutise. F moins, menu. I minore. 8 m^nos. 

Miror, 1 wonder at, I admire : mirror, mirage, 
miracle, admire, marvel. 

Mttto, / send, I yut : mission, missile, missive, 
admit, permit, remiss, omit, promise, demise. 
F mettre. I mettere. 

Monko, 1 warn : monitor, monster, monument, 
demonstrate, remonstrance, admonish, summon. 

Mons, mountain : mount, mound, surmount, 
amount, promontory. F montagne. / montagna. 
8 monte. 

Morioh, I die : moribund, mortal, mortuary, 
mortgage, mortify, mortmain. F mourir. 1 morirc. 

Moveo, 1 move : motion, motor, mobile, mob, 
moment, motive, emotion, promote, mutiny. F 
mouvoir. 7 muovere. 

Multus, many : multiply, multitude, multi- 
farious. I molto. 8 muoho. 

Muto, I change : mutation, mutable, permuta- 
tion, commute, mutual. 

Nascor, 1 am born : nascent, renaissance, native, 
nature, nation, natal, Noel, cognate. F naitre, nee. 
/ nascere. 8 nacer. 

Nauta, sailor : Navis, ship : nautical, nautilus, 
navy, navigate, navvy. F navire. / and 8 nave. 

>Jego, I deny (nec, not : aio, I affirm) : negative, 
negation, renegade, runagate. 

Nepos, grandson : nephew, nepotism. F neveu. 
I nix>oto. 

Noceo, I hurt : noxious, nocuous, noise, inno- 
cent, obnoxious. F nuire. / nuocere. 

Nomen, name : Nosco, / know : Norilis, known, 
noble : noun, nominate, nomenclature, nominal, 
binomial, ignominy, gnostic, note, notion, notice. 
F nom, con-naitre. 7 nome, conoscere. 8 nombre. 

Novus, new : novel, novelty, novice, innovation, 
renovate, nuncio, announce. F neuf, nouveau. 
/ nuovo. 8 nuevo. 

Nubo, I marry (lit. 7 veil mysdj, connected with 
nubes ■= cloud) : nuptial, connubial. F noces. 
7 nozze. 8 nucias. 

Goto, eight : octogenarian, octave, October. 
F huit. 1 otto. 8 ocho. 

Ooui-U.s, eye : oculist, binocular, ocular. F oeil, 
aveugle. 7 occhio. 8 ojo. 

Omnis, all: omnivorous, oinnii)otent, omniscient, 
omnibus, “ onmium-gatherum,” / ognuno. 

Optimus, best : optimist, optiiuates, “ Senior 
Op.” (at Cambridge). 7 ottinio. 

Opto, I choose : option, adopt, co-opt, optative. 

Opus, work : opera, operate, co-operative. F 
cell vre. 8 obra. 

Orbis, circle : orb, orbit, exorbitant. 

Ordo, rank : ordinary, order, ordain, ordinance. 

Orior, 7 rise : orient, origin, abortion. 

Oro, 7 speak, I pray : oral, oracle, orison, oration, 
peroration, inexorable, adore. 

Ovum, egg : oval, ovary, oviparous, ova, ovule. 
F ceuf. 7 uovo. 8 huevo. 

Pando, 7 spread : pace, jiass, passenger, expand, 
expanse, compass. F pas. 7 passo. 8 paso. 

Panoo, 7 fix : pagan (from pagus = district), 
peasant, page, pageant, compact, impact, impinge. 
F paien, pays, paysan. I paesc (country). 8 pais. 

Par, eqiial : peer, pair, umpire, compare, com- 
peer, parisyllnbic. F pair, pareil. I pari. 

Pareo, / come forth : appear, apparent, appari- 
tion. 

Pario, 1 bring forth : parent, parturition, ovi- 
parous, viviparous, viper, repertory. 


Paro, I make ready : pare, parry, prepare, repn ir. ‘ 

Pars, part : parse, partial, participate, particular, 
particle, participle, partisan, partition, party, 
repartee, impart, portion. 

Pasco, 7 feed : pastor, pasture, repast. F paitre. 

Pater, father : paternal, jmtron, parricide, patri- 
arch, patrimony, patriot, exxmtriate. F pdre. I and 
8 padre. 

Patior, 7 suffer : patience, passion, passive. 

Pello, 1 drive : push, pulse, comiMsl, impel, i-opel, 
impulsive, repulsive. F pousser. 

Pen DEO, 7 hang, J weigh : pensive, pension, i^cn- 
dant, pendulum, suspense, depend, compensate, 
recompense, per|)endicular, pound, jjonder, poise. 

Pes, foot : jxdal, pedestrian, pedestal, bi[»cd, 
im|3edc, expedite, ex ])edient. /’pied. 7 piede. *S’ pK\ 

Peto, 7 seek : ]XJtition, petulant, compete, appe- 
tite, rejMJat. 

Placed, 7 please : plea, placid, ])lacable, pleasant, 
complacent. F plaire. 7 piacero. 

Plaudo, I clap, I praise : plaudit, plausible, 
applaud, explode. 

Pleo, 7 fill : plenary, plenipotentiary, plenty, 
replenish, replete, complete, aui)ply, supplement, 
complement. F plein. 7 pieno. 8 lleno. 

Plico, I fold : ply, pliable, pliant, plight, apply, 
duplicate, double, duplicity, complicate, complex, 
supplicate. F plier. I piogare. S plegar. 

Pi.us, more : plural, pluy)crfect, surplus. 

PoNO, 7 place : post, position, positive, posture, 
deponent, deposit, composition, supposition, im])ost, 
compound, postjx)nc. 

Popui.us, people. : population, popular, public, 
publish. F }>eu]>le. 8 pueblo. 

Porto, 7 carry : porter ( = one who carries; but 
porter — doorkeeper, is from porta = door), port 
( = demeanour), portfolio, export, important. 

Possum (}X)tis-8um), I am able. : possible, posse, 
potent, potentate, impotent. 

PoTO, 7 drink : potation, jx)tab!e, jX)tion, j>oison. 

7 j)ot»ire. 

Prehendo, / grasp : prehensile, apprehend, 
comprehensive, comprise, prison, prize ( — reward). 
F prendre. 

pREMO, 7 inrejis : ex])ress, oppress, impress, print. 

Pretium, value : 3 >rice, precious, prize ( — valua- 
tion, estimate). F prix. 7 prezzo. 8 precio. 

Primus, first : prim, prime, primate, jiremier, 
primeval, primrose, primitive, prince, principal, 
princi]>le. F premier. / primo. 

PuNOO, 7 prick : puncture, pungent, point, pounce, 
ex]>urige, punctilious, punctual, punctuate. 

Puto, / cut, I think : putative, amputate, com- 
pute. count, reputation, deputy. 

Qu/KRO, / seek : query, quest, question, require, 
exquisite, inquisition. 8 cuestion. 

Quatio, 7 shake (in comiiounds cutio, cussum) : 
quash, discuss, concussion, percussion. 

Quot, how many : quote, quotient, quota, 
quotidian. 8 cociente. 

Rapio, / snatch : rapacious, rape, rapid, rapine, 
rapt, rapture, ravage, ravish, ravenous, ravine. 
F ravir. 7 rapirc. 

Rego, / ynake straight., 1 ride : regent, regal, 
royal, regnant, reign, regicide, regiment, regular, 
rector, retdify, direct, correct. F roi (king). 7 re. 

8 rcy. 

Roco, I ask : rogation, derogatory, arrogate, 
abrogate, interrogative, prorogue 

Rumpo, / break : rupture, eruption, corrupt, 
disruption, bankrupt, abrupt, interrupt. F rompre. 
I romi^ere. 

Sal, salt : salad, saline, salary, sausage. F sel. 
I sale. 8 sal. 
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Salto, / leap : salient, sally, salmon, assail, 
assault, insult, exult, result. F saillir. I saltare 

Salus, health : salute, salutary, salubrious, 
salvation, salvage, saviour, safe, save, sage (the 
plant). F sauf ( = safe). 1 salvo. 

Sapio, I taste: savour, sapient, sage ( — wise), 
insipid. / sapere. S sapido ( — high-flavoured). 

Scio, 1 know : soienoe, omniscient, conscious. 

ScRiBO, I write : scrip, script, scripture, scribe, 
describe, conscri[>tiou, ]>ostscri]»t, scribble, scrivener. 
F eorire, escritoire. I scrivere. S escribir. 

Skco, 1 cut : section, 8ect,di3aect, bisect, segment, 
insect, intersect. 

Skdko, I sit : sediment, sedentary, session, 
j>osses8, sedate, sedulous, ])reside, F as-seoir. 

Senex, old man : senile, senior, sir, sire, senate. 
F Hwur. / signore. ^Sseuor. 

Sentio, 1 feci : sense, sentient, sentence, senti- 
ment, assent, consent, scent. 

Sequor, / follow : secpience, se(jiiel. sequestrate, 
consequence, consecutive, jKM-sccute, second, sue, 
suit, pursuit. F suivre, suite. 1 seguire. 8 
seguir. 

8ero, I join : series, serial, sermon, insert, desert, 
exert, assert. 

SER^^o, / serve : serf, servile, servant, sergeant, 
dessert, deserve. 

SiMiLis, like : Simi l, at the same time : similar, 
aimile, simulate, simultaneous, assimilate, semblance, 
resemble. F .semhier. 

SoLVO, / loosen, I imii : solve, solvent, soluble, 
solution, dissolute, absolute, resolve. 

SoNO, 1 sound : sonorous, sonata, sonnet, re- 
sonant, consonant, unison, person, parson, /’soimer. 

Specio, J look : s])y, sj^ecies, sjiecious, 8j)ecia!, 
spice, siKcimeu, a])ecify, s]3ectaclc, aix*ctre, sjwcu- 
late, aspect, respect, consjiicuous, |X'r.spective, sus- 
picion, pro8]>ectus, despise. F cpier. I sj)ecchiare. 
8 espiar. 

Spiro, I breathe : spirit, spirant, aspirate, con- 
8i>ire, inspiration, resjiirator, pers])ire, 

Si*ONPEO, 1 pledge : sponsor, spouse, responsible, 
desjjond. F epouse. e.s]>osa. 

Sterno. I lay d(twn : strata, street ^ strath, stray, 
strew, prostrab^, consternation. 

Sto, / stand : stable, stage, stamina, stanza, 
state, station, statue, extant, distant, constant, 
substance, obstacle, destination. F etat. 8 estado. 

Stringo, I draw tight : string, stringent, strict, 
strait, strain, constraint, restrain, distrain, distress, 
district, boa-constrictor. F etroit. / stretto. 8 es- 
trecho. 

Struo, I pile vp : structure, construct, destroy, 
construe, instruction. F construire. / costruirc. 

Si; PER, above : sujierior, su]>erintend, supreme, 
sum, summit, surface, siudeit, survive, F sur. 
J sopra. 8 sobre. 

Slrgo, 1 rise : surge, source, resurrection, re- 
source, insurrection, insurgent. 

Tanoo, / to^^ch : tangent, tangible, tact, contact, 
contagious, contiguous, attain, intact, integral, 
integrity. F atteindre. / tatto, contatto. 

Tego, I cover : tile, detective, protect, integu- 
ment. / tegola (tile). L tectum ( = roof). 8 teja. 

T EM PUS, time : tense, temporal, contemporary, 
extemporary, /’temps. / temjK). tiempo. 

Tendo, I stretch : tend, tense ( — tight), tension, 
tentacle, tent, tentative, conUmd, intent, intend, 
intense, temi)t, taunt, “ tenter-hooks.’* 

Teneo, I hold : tenable, tenacious, tenant, 
tenement, tenet, tenor, tenure, maintain, retain, 
retinue, continent, content, continuous. /’ tenir. 

Tero, I rub : trite, triturate, tribulation, con- 
trite, contrition, attrition. 1 tritieo (corn). 
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Terra, earth ; terra-cotta, terrace, terrestrial, 
terrier, territory, inter, Medi-terranean, tureen. 
8 tierra. 

Texo, / weave : text, texture, textil^, context, 
pretext, tissue. F tisser. 1 tessere. 8 tejer. 

Torqueo, 1 twist: torch, torment, torsion, tort, 
tortoise, tortuous, torture, contortion, retort. 
F tort (wrong). / tor to. 8 torcer (to twist.) 

Traho, I draw : trace, tract, trail, train, trait, 
treat, tare and “ tret,” attract, retreat, portrait. 

Tres, three : trefoil, triangle, trident, trinity, trio, 
trivet, trivial. F trois. 1 tre. 8 ties. 

Turba, crowd : turbid, turbine, turbulent, 
perturbation, disturb. 

Unda. UHtve : undulate. Undine, abound, abun- 
dant, redound, inuiulale. F onde. / and 8 onda. 

Unus, one : unit, unique, union, unicorn, uniform, 
universe, university, triune. F un. 1 iino. 

X’aleo, I am strong : valid, invalid, valerian, 
valiant, valour, value, avail, ])revalent, convalescent. 
F valoir. I valetudine (health). 

Veho, 1 carry : vex, veil, vein, vehicle, con- 
\ey, convex, inveigh, invective, reveal. F voile, 
voitiire (carriage). 1 vettura. 

Venio, 1 come : venture, adventure, convene, 
convent, convent ion, supervene, prevent, revenue, 
avenue, convenient, covenant. F venir. 

Vkrto, I turn : versatile, verse, vertebra, vortex, 
vertex, vertigo, convert, perverse, aversion, inver- 
sion, reversion, obverse, adverse, advertise, con- 
versant, divorce. 

Veri's, true : very, verily, verity, verify, verdict, 
veracity, aver. F vrai. / vero. 8 verdad (truth). 

Via, road : viaduct, devious, voyage, impervious, 
trivial, obvious, previous, obviate, /^voie. I and >> via. 

Video, 1 see; viz. (short for “videlicet”), view, 
visage, vision, visible, visit, vista, provide, ])ro- 
videnee, ])rudencc, revise, survey, envy, invidious, 
evident. F voir. 8 ver. 

ViNC'o, I conquer : victor vanquish, convict, 
convince, evince, eviction, province (?). F vaincre. 
8 veneer. 

V'lvo, / live : vivid vivacdous, vivisect, vii^tuals, 
vital, revive, survival, convivial, viper ( - vivipara, 
producing young alive). F vivre. S vivir. 

Voro, 1 call : vocal, voice, voiicli, vocibuous, 
vocation, vocative, vocabulary, vowel, invoke, 
convocation. F invoqiicr. 

V’oi.vo, / roll : volui)le, volume, revolve, convolu- 
tion, involve, (h‘volution. 

Voveo, / row: votive, votary, vote, devote, 
devout. F vouer. 1 votare. 


In the proei^ss of anglicising a (irei^k word the 
following changes should lx* uotcid : 

Greek v (u) becomes English y, as or ra^is, 
surUaxis (syntax). 

Greek at («^) becomes English tP, as ata-OTja-LS, 
aisthesis (test bet ie). 

Greek oi (oi) becomes English o', as oZkos, 
oikos (oecumenical). 

Greek (gg), or yK (gk\ or yx (gch), or yf (grar) 
becomes English wy, nk, nxy as AyyeXou aggelos, 
(angel) ; dyKvpa, agkura, ancura (anchor). 

[For the letters of the Greek alphabet and their 
English equivalents, see page 5374.] 

Aeb (drfp), air: aeronaut, aerolite. F ooro- 
naute, aerolithe. I aeronauta, acrolito. 

Ago (Ayw), I lead : E pedagogue, syna- 
gogue, demagogue, strategy (stratos = army). 
/ pedagogo, sinagoga, strategia. 8 estrategiu. 



Agon (d 7 c 6 >'), druggie : agony, antagonist, pro- 
tagonist, /^ Samson Agonistes’* (Samson the 
Btniggler or wrestler). F agonie. I and S agonia. 

Akbos (Akpos)^ topf poirU : acrobat (batos = 
walker, goer), acropolis, acrostic (stichos = a 
line). I dci'obato, aorostico. 

Allos (AXXos), other : allopathic, allotropy. 

Angelos {dyyeXos), messenger : angel, evangel. 
F ange, evangile. I angelo, evangelio. 

Anthropos {&v0puiros)j man : philanthropic, 
misanthrope, anthropology. I filantropico, mis- 
antropo, antropologia. 

Abche (dpxi))* beginning^ rule : anarchy, archae- 
ology, archaic, monarch, archbishop, architect. 
F archeveque. I monarca, arcivescovo, archi- 
tetto. S arzobispo, arquitecto. 

Aster {dar'i/fp), star : aster, asterisk, astro- 
nomy, astrology. F asterisque, asterie. I and 
S asterisco. 

AtTTOS (ai>r<is), self .* automobilc, autobio- 
graphy, autocar, autonomy, autocrat, authentic. 

BallO (/3dXXw), 1 throw : parable, parabola, 
emblem, hyperbole, sym-bol, embolism. / iper- 
bola, simbolo. 

Bapto (/adTproj), I dip : baptism, baptize. 
F bapteme, baptiser. I battesimo, battezzare. 
S bautisme, bautizar. 

Baros (/^dpof), weight : baritone, barometer, 
baroscope, isobar (isos = equal). F baromMre. 

Biblos (tiip\6s), paper, book : Bible, biblio- 
graphy, bibliophile. F bibliotheque (library). 
I Bibbia, biblioteca (library). 

Bios (/3^os), life : biology, biography, bio- 
scope, microbe, amphibious. F amphibie. I and 
S anfibio. 

Choros (xopos)> dance : chorus, choir, chorister. 
F chceur, choristc, I and S coro, corista. 

Chronos (xpdj'os), time : chronology, chrono- 
meter, anachronism, chronic, chronicle. 1 crono- 
logia, cronico, cronica. 

Chrio (xptw), I anoint : Christ, Christian. 
F chr^tien. I and S Cristo, cristiano. 

CJhrusos (xp«^<r 6 s), gold : chrysalis, chryso- 
prase, chrysanthemum, chrysolite. F chrysalide. 
/ crisalide. 

DP:mos {Srjpos), people : democracy, demos, 
demotic. F democratic. I democrazia. 

Dogma (a 67 pta), opinion ; Doxa (56^a), opin- 
ion, glory : both jfrora Dokeo (Aok4o)), 1 think : 
dogma, orthodoxy, heterodoxy, doxology. I 
domma, ortodossia, eterodossia, dossologia. 

Dunamis (6vvap.Lt), power : dynamite, dyna- 
mics, dynasty. 

Elektron (i'iXeKrpov), amber : electricity (be- 
cause first observed in amber). I elettricita. 
S electricidad. 

Ergon (4pyoy), work : energy, erg, metallurgy. 

Eij (eC), well : eucalyptus (lit. well-coverecl), 
euphemism, eucharist, euphony, eulogy, evangel. 
F eucharistie, evangile. I eucaristia, eufonia. 

G ASTER ( 7 curTiip), stomach : gastric, gastritis, 
gastronomy. 

Ge (yfl), eaHh ; geography, geology, apogee, 
giant {lit. earth-bom). F g^ant. 1 and 8 gi- 
gante. 

Genos (ylvos) race, birth : genealogy, oxygen, 
hydrogen (GbnnaO, yewduj, I produce). Genesis. 
F Genese. I ossigeno, idrogeno, Genesi. 


Gignosko (‘nyvihffKUi), I know: diagnosis, 
gnostic, a-gnostic, physiognomy (cf,, L cognosce). 

GraphO (ypd<f)o), 1 write: grammar, graphic, 
paragraph, telegram, epigram, graphite, grapho- 
scope, cinematograph (kinema = movement). 
F grammaire. I grammatica. S gramatica. 

Helios (r^Xtos), sun : heliotrope, heliograph, 
helium. 

Hbmi (i}pi-)i half : hemisphere, hemistich 
(L semi-). 1 emisfero. 

Hepta (firrd), seven : heptarchy, heptagon. 
I ettarchia, ettagono. S heptarquia. 

Heteros (^repos), other : heterodox, hetero- 
elite, heterogeneous. F het^rogene. I etcrogene. 

Hex (4^), six : hexameter, hexagon. L sex. 
I esagono. S exagono. 

Hieros (t /)ds), sewred : hieroglyphic, hier- 
archy. I geroglifo, gerarchia. S geroglifico, 
gcrarquia. 

Hippos (tViros)* horse : hippodrome, hippo- 
potamus (river-horse), Phil-ip (short for Philip- 
pes, lover of horses). I Filippo. S Felipe. 

Homos (6p6^), same : homogeneous, homo- 
logous. F homog^ne, homologue. I omogeneo, 
omologo. 

Hora (ibpa), hour : horology, horoscope. 
F horloge. cf. L bora. I orologio 8 reloj. 

Hudor (iiSup), water : hydrogen, hydro- 
phobia, hydrostatics, hydraulic, dropsy. F hydro- 
pisie (dropsy). I idropisia (dropsy), idrofobia. 

Idein (iSeiv), to see : idea, idol, idyl, kaleido- 
scope. F idee, idole, idylle, / idea, idolo, idilio. 

Idios (tSios), one's own, or peculiar : idiot, 
idiom, idio-syncrasy (idiot originally meant a 
private citizen). I and 8 idiota, idioma. 

Kosmos (Kdarpoi), order, and so the world as 
opposed to chaos : cosmetic, cosmopolitan, 
microcosm. 

Krino (kpLvlo), I judge : crisis, critic, hypo- 
crite, h.yi)ercritical. F crise. I crisi or crise, 
ipocrita. 

Krupto (KpvTTTU)), I hide : crypt, cryptogram, 
apo-crypha. I apocrifi. 

Kukia)s, (kil'kXos) circle : cycle, cyclometer, 
cncyclopaKiia. 

Lambano (XapfidvLt)), I take : syl-lable, di- 
lemma, cpi-lepsy. F syllabe. I sillaba, epilessia. 

Lego (X^ 7 w), I say, J choose : lexicon, dialect, 
eclectic. F lexique. / lessico, dialetto. Also 
Logos (X6yot), word : logic, apology, geology, 
dialogue, syllogism, logarithm, tautology (tauto 
= the same). 

Lithos (Xldos), stone : lithography, mono- 
lith, lithia. 

Luo (\i»w), I l(X)sen : para-lysis (palsy), ana- 
lysis. 

Metron (plrpov), measure : metre, barometer, 
thermometer, metronome. 

Meter (piirnp), mother : metropolis. 

Mikros (piKpdi), small : microscope, micro- 
cosm, microbe (lit. small life): opposed to Makros, 
large, e.g., macrocosm. 

Misbo (pi<r4u>), I hate : misanthrope, miso- 
gynist. 

Monos (At 6 i/os), al ne, only : monarch, monocle, 
monotony, monastery, minster, monotheism, 
monopoly [Poleo: I sell], monk. F moine 
(monk). / monaco (monk). 8moiL}e. 
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Naus {vavs), ship : nautical, nautilus, nausea, 
aero-naut (nautes = a sailor). 

Nekros (vcKpd^)^ dead : necroj>olis (a city of 
the dead, a cemetery), necTomancy. 

Nomos (j'f^/uos), law : astronomy, gastronomy, 
economy, Deuteronomy. 

Onoma (tfvoAia), name : syn-onymous, pat- 
ronymic, onomutopex^ic, anonymous, pseu- 
donym. 

Opsis sight : optic, a 3 mopsis. I ottiea. 

Orthos (6pd6^)y straight^ right : orthodox, 
orthography, 

Oxus ( 6 $j's), sharp : oxygen, oxytone, par- 
oxysm. I ossigeno, parossismo. 

Pais (irais), hoy : t)edagogue ; Paideia, 
instruction : encyclopfedia. 

Pan (Trai'), all : panto mime, pantheist, pan- 
egyric, panacea, pandemonium, panorama. 
(Panic takes its name from the god Pan, who 
used to inspire terror. ) 

Pathos (irddos), suffering : pathos, pathetic, 
sympathy, apathy. 

Pente (Hvtc), fire : pentagon, pentateuch 
(teuchos ~ hook), pentameter, pentecost (fiftieth). 
F penteoote. 

Pepo (irtTTw), I digest : pepsine, peptonise, 
dys-peptic, “ Peps.” 

Phaino ( 0 atVw), I show : phenomenon, syco- 
phant (“ fig-shower ’’), phantasm, phantom, 
phase, emphasis. F fantaisie, fantome. / enfasi 
(emphasis). 

PiiARAiAKON {<t>dp,uaKov), drxig : pharmacy, 
fiharniaceutical, pharmacopeia. I farmaco 
(remedy). 

Phemi {(fiml), / say : blasphemy, blame, 
prophesy, aphasia (loss of speech). 1 bestemmia, 
i3iasimo. 

Phero (</}ipuf)f I hear : phos-phorus (lit. 
light-bearer), metaphor (c/., L fero “ T hear). 

Philos (^tXos), fond of : philosophy (sophia = 
wisdom), philanthropy, Philadelphia, Philip, 
philtre, biblio-phile. 

Phonk ((tiuj^ri). voice : phonetic, telejdione, 
phonograph, microphone, anthem (--- anti, against^ 
phone, voice). J and S antifona. 

J^Hbs ( 0 ws), light : phosphorus, photography, 
photophobia (dread of light). 

PiiKAzd (^jdjf'w), I speak : phrase, paraphrase, 
periphrasis, phraseology. I and S frase. 

Phren (^'>riv). mind : phrenology, frenzy, 
frantic. F frenesie, frenetique. 1 frenesia, 
frenctico. 

PiiTind (<pOii»)), I waste away : phthisis. / tisi 
or tisichezza (consumption). S tisis. 

Phi’sis (^iVts), nature : (from PiiUo, <pvu}, 
I beget) : pliysics, metaphysics, physiology, 
])hy 8 ician, physiognomy. 

Plan AO (irXavdu}). 1 cause to v^ander : planet, 
aero-plane. 1 pianeta. 

Pneuma (TVfO/Lta), flt'r, t.oind : pneumatic, pneu- 
monia. Greek for (Holy) tipirU. S neumatico. 

PoiEb (ttoi^w), 1 make : j>oet, poem, poesy, 
pharmacopceia, onomatopaiic. 


PoLis (irdXis), city : policy, politics, metropolis, 
acropolis, cosmopolitan, police, Neapolis (Naples), 
Napoleon. I polizza (policy), polizia (police). 

PoLUS (TToXdy), m^iny : polyanthus, pol 3 ^gamy, 
polygon, polytechnic, polytheism, polypus. 

Pous (ttocs), foot : podagra (gout), trijmd, 
trapeze, antipodes. F podagre. 

Presbus (irpiafivs), old man : presbyter, priest, 
Presbyterian. F pretre. I prete. F presbitero. 

Protos (irpioTos), first : protagonist, protein, 
“ protose,” protocol, protoplasm, prototype. 

PsALLo (^dXXw), / play the lyre: psalm, 
psalter. F psaume, psautier. I and S salmo, 
salniista. 

PsEiJOEs (\//cc5i)s), false: all words beginning 
with pseudo^ as pseudonym, pseudo Christian. 

Psuchr (\f vxv), soul : psychology, psychic 
(connected with Psycheh, I breathe). I psicologia. 
S psicologia. 

Ptoma (TTTwyua), « /o//, (fi’om Pipto, I fall): 
ptomaine, ptosis, sym-ptom. I sintomo. 

PpR (irOp), fire : jjyramid, pyre, pyrites, 
pyrotechnics, emi)yrean. F empyree. 

RhRonumi (pvyvvp.'), / break : cataract, 
hiemorrhage. I cateratte. S catarata. 

Rheo (piu)), 1 flow : rheum, rheumatism, 

catarrh, rhythm. 1 and S ritmo. 

ScHOLE ((Txo\r)), leisure : school, scholar. 
F ecole, ecolier. I scuola, scolare. S escuela. 

Skopeo ((TKOTrtw), I look. 1 view : scope, bio- 
scope, microscope, telescope, episcopal, bishop, 
sceptic. F eveque. / vescovo (bishop). obispo. 

Stasis ((rrdorts), standing (from Histemi, 
iffTTjpLi. I make to stand) : ecstasy, apostasy, 
system, statics. I estasi. 

Stello (artWijj). I send : epistle, apostle. 
F epitre, apotre. 1 epistola, apostolo. 

Stereos ((rreptos). solid: stereoscope, stx'reotypc. 

Strepho ((rTp€<i)w). I turn : catastrophe, apo- 
strophe, strophe, antistropbe. 

Taphos (rd<po$). tomb : epibiph, cenotaph. 

Taxis (rd^is). arrangement (from Tasso, rderju. 
I arrange) : taxidermist, syntax. / sintassi. 

Teino (retVw), J stretch : tone, tonic, mono- 
tony, baritone, hypotenuse, protasis. 

Tele (rijXe), afar : telejdione, telegraph, 

telepathy, telescope. 

"J’EMNb (rifivui). I cut : a-tom, epi-tome, tome, 
anatomy. 

Theos (^ff'-s), god : the(»logy, theosophy, 

theism, theocracy, apotheosis, enthu8iasm(?) 
(c/., L deus). / and S teologia. 

Thermos (6EpfjL6s)y heat : thermometer, 

thermal, isotherm. 

Tithemi (rW-npLi). I place : thesis, liypoth(‘sis, 
antithesis, synthesis, theme, epithet, anathema, 
apothecary, hypothecate (There, = l)OX). 

Toros (rdTTos), j)lace : t opic, topical, topo- 

gra])her. 

Trepo (rpiww). I turn : tropic, trophy. I and 
8 trofeo. 

Zao (fdw), I live : ZoON (rwoy), animal : 
zoology, zoo, zodiac. 


Languages concluded 
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GAS MANUFACTURE 

Illuminating and Fuel Gases. The Processes Followed and the 
Appliances Used in their Manufacture, Purification, and Distribution 


Group 14 

GAS 

following 
from page*ti745 


YWHEN Van Helmont, in the sixteenth century, 
^ invented the word gas he applied it to an occult 
principle which he supposed to pervade all matter. 
Modern chemistry applies the word to matter in 
an aeriform condition at ordinary temperatures. 
In a popular sense the word gas is used to describe 
the inflammable gaseous matter which is obtained 
by distilling coal, and it is better defined by 
adding words indicating the source as “ coal-gas.” 
The various gases have been dealt with in the sect ion 
devoted to Chemistry, from which it has been 
gathered that many elements are in the gaseous 
condition. Illuminating and heating gas is a mixture 
of two or more elemental gases, such as hydrogen, 
nitrogen, oxygen, carlx>n monoxide, methane, and 
ethylene. Some gases arc combustible, and are 
obviously of most use for illuminating and heating 
purposes, but certain non-combustible gases are 
unavoidably present as diluents which have no 
heating value. 

The chief gases which are present in either illnmin- 
jiting or heating gas are the following, which for 
convenience are divided into two classes. 

Combustible Gases. The letters which 
follow the names are the chemical symbols. Hydro- 
gen (H), carbon monoxide (CO), marsh gas (CH^), 
ethylene (C-^Hj), acetylene (Co Ho), benzene vapour 
(CoH„), naphthalene vajiour (C,oH^). The first 
two, hydrogen and carbon monoxide, are of the 
greatest importance, and occur in the largest pro- 
portions in gas. ^larsh gas is also known as methyl 
liydride and methane, while mixed with air in 
explosive proportions it forma the dreaded fire- 
damp of the coal-miner. Although only marsh gas 
is here mentioned, it must bo taken to be only the 
most important of what is known as the methane 
series of hydiocarbons, which always results when 
a body like coal is submitted to great heat. Marsh 
gas is not present in large quantities in coal-gas, 
but as it contributes to the luminous projKJrtics, 
it is of considerable importance. Natural gas, which 
will bo referred to presently, is largely marsh gas. 
Ethylene, known also as olefiant gas, cthene, or heavy 
carburotted hydrogen is the most important of the 
ethylene series of hydrocarbons, which, like the 
methane aeries, consists of many gases of like chemi- 
cal constitution. Acetylene is found in small pro- 
portions in coal- 
gas but larger 
quantities are 
made from cal- 
cium carbide, 
and so easily 
and cheaply , 
that this giis is 
burnt alone as * 
an illuminat- 
ing gas. The 
method of pre- 
paration will be 
separately dealt 
with. Benzene 
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referred to as vapours^ because substances which 
are not gaseous at ordinary temperatures are not 
spoken of iis gases. Benzene is a liquid and naph- 
thalene a solid when isolated from gas, but they exist 
in g is in a dissolved state. They are important con- 
stituents, as they play a considerable part in the 
luminosity of gas. Naphthalene is apt to deposit 
from gas in very cold weather, and is the substance 
which chokes up the gaspipes in winter, causing 
much trouble by diminishing the supply. 

Incombustible Gases. These, us has been 
explained, are diluents in gas, and are accidentally 
present, owing to the manner of preparation. The 
chief diluents are nitrogen, carbon dioxide, oxygen, 
and water vapour. Of these, nitrogen is present iti 
the greatest proportion. It is an inert gas, and is 
the chief constituent of the atmosphere, but not 
the most important. Carbon dioxide is the gas 
used in aerating table waters. Most of this gas is 
taken out of coal-gas by a chemical process, but it 
is never entirelj'^ eliminated. Oxygen is known as 
a su])portcr of combustion — that is, gas needs oxygen 
(from the air) before it will burn. The oxygen found 
in coal-gas in small quantities comes from air that 
has obtained access at some stage of the process. 

Luminosity. The greater part of the 
gases enumerated in the preceding paragraph on 
combust ihle gases do not give light when burnt. 
Hydrogen and carbon monoxide give only a blue 
flume when burnt, the luminous properties of gas 
being due to the hydrocarbons present — methane, 
ethylene, acetylene, benzene, and naphthalene. 
When the gas is required for heating purposes only 
it is not necessary to ensure the presence of hydro- 
carbons, and, as will be presently shown, the gases 
used for fuel purposes burn with a blue, non- 
luniinous flame. In speaking of a blue tlnme, it 
should be noted that the non-luminous flame 
produced from coal-gas as burnt in domestic gas- 
ovens is due to the admixture of air near the 
burners. This results in the more ne.arly jrerfoot 
combustion of the gas and loss of luminosity. 

Various Kinds of Gases. Coal-gas, al- 
though the most familiar gas, is by no means the 
only gas used for illuminating and heating pur- 
poses. The chief kinds will now be briefly enu- 
merated, so as to give a clear idea of what the various 

gases are, espe- 
cially as some 
of the gases 
have several 
names. Each 
gas will be 
dealt with in 
its turn in 
succeeding 
parts of this 
article. Coal- 
gas is obtained 
by strongly 
heating coal in 
a closed fire- 
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goaare madd by beating wood 'and peat. ■ nmny natural gases irom American sources, but 

gas is found in various parte of the earth, and has the amount of nigher hydrocarbons is greater, with 

merely to be collected and distributed through the result that the English gas is more luminous, 

pipes to the house or factory. ' OU-gas^ is made by Coal«gaa» Coal is plac^ in long fireclay tubes 
decomposing petroleum or shale oil by heat, oxy-oil known as retorts. The retorts are closed at both 
gas being a variety obtained by mixing oil-gas and ends, but - near one end there is a pipe tlirough 

oxygen. Water-ga>s is made by passing steam over which the gaseous products are conveyed. The 

red-hot coke, the water vapour being split up retorts are . subjected to great heat by a furnace 

into its elemental constituents. This gas is also underneath, and give off crude gas. The gas is 

known as blue gas. When mixed ' with hydro- then cooled or condensed, when tar separates, 

carbon vapours, so as to make it burn with a the gas passing on to scrubbers or washers to be 

luminous flame, water-gas is known as carburetted deprived of the last portions of tar and the 

water-gas. Then there is the important class of ammonia which the gas contains. From the scrubbers 

gases known as producer-gas^ generator -gas, Siemens the gas passes to purifiers to remove the remaining 

gas, Dowson gas, gazpauvre {poor gas), or mixed gas. gaseous impurities, such as carbon dioxide, carbon 

These being often a mixture of water-gas and coal- bisulphide, sulphuretted hydrogen, and cyanogen, 

gas, as in the Dowson gas, are often referred to as and is then placed in the gasholders, from which 

semi-water gas or steam-enriched gas, Mond gm is it is distributed through the gas mains and pipes 

produced for fuel purposes by the combustion of to the place where it is used. The process may 

small coal or slack, and the gases evolved from be followed by referring to the diagram [ 1 ). 

the blast furnaces or coke ovens of iron and Varieties of Coal. The gasmaker recognises 
steel foundries arc known as Jdast-furnacc gas or two kinds of coal — cannel, candle, or parrot coal, 

coke-oven gas, according to the source. and common or gas coal. Cannel coal gives a gas 

When producer gas is used in a suction pro- containing a large proportion of ethylene, the 

ducer — an apparatus making fuel gas for direct con- constituent which contributes most to the luminosity 

sumption in a gas-engine — the term suction gas is of the gas. Common or gas coal may be divided into 

sometimes used. Methane hydrogen ga^'u^figAs. made raking and non-caking coal. Caking coal softens 

from Steam and tar, being thus really a variety of . when heated, and after the volatile constituents have 

carburetted water-gas. Air-gas or gazxdens gas 'm been expelled, yields a coke which is of cellular struc- 

siinply air mixed with hydrocarbon vapour, the ture, but which does not show the original shape of 

hydrocarbon used being gasolene or some similar the coal. The non-caking coal retains the form of 

light distillate of jmraftin. the coal in the coke, and does not soften before 

Distilling. As the word distil has l)een used, giving up its gaseous constituents. Anthracite coal 

and will be used again in this article, it is well that finds a H])eciul use in the production of fuel gas. 

its meaning should be understood. Distilling, ns It should l>e esi)ecially noted that not only does the 

applied, for instance, to the preparation of gasmaker have to judge coal by the gas yield, 

alcohol, implies that by means of heat one but he has to take into account the illuminat- 

liquid is separated from a mixture of two or i i x ■ i hig (juality of the gas and the texture of the 

more liquids. In the case of solids it means I I 8 I I coke. As to the yield of products from a ton 

the s])litting-up of a complex solid substance / ^ of coal, it will be seen that it is not possible to 

by heat into other matters which w'ere not j>re- make very definite statements. For the purpose 

viously present. Coal, for instance, is split u]» of this pa}ier it may Ikj taken that the 

or decomposed by heat, the process being average products comprise 10,000 cubic ft. to 

more correctly referred to as destructive dis- / 1 1,000 cubic ft. of gas, holding in suspension 
tiUation. Roughly s|x*aking, the coal is split 20 lb. to 24 lb. of hydrocarbon vapours, of 

up, giving off gas, and leaving coke behind; which 10 lb. to 18 lb. arc benztme, and 1201b. 

but this will be fully explained further on. of tar, of which 2o lb. to .30 lb. are carbon 

Natural Gas. In many parts of the WU held in suspension, 2 lb. to 3 lb. are hydro- 
world Nature supplies a combustible gas JbW carbons similar to the vapours in the gas, and 

ready made. There are large supplies of -'Tja 12 lb. to 14 lb. are naphthalene, 

natural gas in the United States, which, |l I Receiiring the Coal. It depends 

when collected, have been distributed at II I upon the site of the gasworks as to how 

Pittsburg, a hundred miles from the gas k the coals are taken in. If the coal arrives 

well, at fid. j)cr 1,000 cubic ft. by water it is, in modern works. 

Unfortunately, the supplies of teken from the ships or barges 

natural gas give out in time, by self-acting gra^, such as 

with the consequence that in- Hone's patent grab [2], and 

dustries which have flourished delivered to elevating and con- 

bccatise of the supply of cheap veying plant to the stores or 

natural gas have declined and retort houses. If the coal arrives 

caused ruin to towns in the by railway, mechanical nj)pliahces 

United States which depended are employed for emptying the 

on the maintenance of nianu- waggons, which, by means of an 

facturing industries. A supply 2. HONE's PATENT GRAB inclined railway, have been taken 
w^as discovered at Heathfield, in (Thames Ironworks Co., Ltd.) up to an elevat^ position. Where 
Sussex, in 1897, by the London, ’ conveyors are used the larger 

BrigSiton, and South Coast Railway Company, in lumps of coal will need breaking before being handled 

sej^ching for an underground water supply, and by the elevator buckets, there being two kinds of 

this ha« since Ixjcn utilised for fuel and lighting pur- breakers — the roller and jaw types. If n^ed, the 

yxwes. Natural gas generally smells of .paraffin, and coal can be automatically weighed at this stage, 

consists chiefly of methane, with small quantities Retort Houees. The plan of the building in 
of other hydrocarbons, oxygen, hydrogen, and oar- which the coal is going to be distilled depends upon 

bon monoxide. The pro})ortion of methane in the particular system that is to be employed, 

the Heathfield supply is less than is found in The building is constructed of steel framework and 
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3. west’s combined charcjinc, and drawing machine 

(West’s Gas Tniprovenienl Co., Ltd.) 


brick, the circular girder 
roof being largely adopted 
for double-bench retort 
houses. The working floor 
level is known as the stage, 
and below the level is the 
furnace and also the 
arrangements for conveying 
away the coke that comes 
from the retorts. 

Retorts. Coal is dis- 
tilled in fireclay retorts, 
which, in (heat Britain, 
are machine made. The 
retorts arc of two lengths, 
and are known as singles 
or doubles. The single 
retorts are from 8 ft. to 
10 ft. long, and of n-sha]>ed 
section, the height being 
12 in. to 10 in. Double 
retorts are 20 ft. long, and 
are really (wo retorts set 
back to back, with a lid on 
cacii end. In the ease of 
single retorts, one end 
only is fitted with a mouth- 
]>iece, the other end being 
built up. The end of the 
retort has fitted on it an 
iron socket to receive the 
lower end of the ascension 
pipe, or upright })ipe which 
leads the gas from the retort, and a lid or mouth- 
pi«x;o. The tyjie known as Morton’s self-sealing 
mouthpiece ’is much used, but Candler's and 
Biilfour’s are varieties which more readily ])ermit 
of the renewal of the wearing parts. The retorts 
are set in beds of from three to twelve, and arc, 
from their position, known as bottoms, middles 
and to]i.s. The collection of retorts, as seen in 3. is 
called a bench. 

The Furnaces. Those retorts arc supported 
on fireclay walls 2ft. apart, which act a.s flues for the 
heat of the furnace. Originally, the ndorts were 
heated direct by coke, but KSir" William Siemens’ 
r<*gcncrate furnace, or some similar tyjie, is generally 
used at the present time. In this kind of furnace, 
highly-heated gas is made to im))ingc on the outer 
surface of the retorts, the heating value being 
increased in some tyjK*s by the injection of steam, 
which forms a proportion of water-gas. This typo 
of furnace will be referred to when we deal with 
producer-gas. 

Charging and Drawing. Single retorts 
have a cnpacity of from IJ cwt. to 3 cwt. of coal, 
double retorts taking a correspondingly larger charge. 
The charging of the retorts is done by one of four 
methods: (1) hand shovelling; (2) the u.se of a 
long scoop ; (3) by machinery ; or (4) by gravity. 
The last-named method will be dealt with in our 
consideration of inclined retorts. By whichever 
of the three methods employed, the object in view 
is to spread the coal evenly on the floor of the retort. 
I’he shovel method is obviously the slowest, and 
necessitat-es much loss of heat. It is also terrible 
work for the stoker. When a scoop carrying the 
whole charge is employed, the time taken to charge 
a retort is under a minute. The scoop of coal is 
introduced into the retort and then turned over and 
withdrawn. 

Charging Machinery. Much saving of 
labour results when machinery is employed for 
charging retorts, especially whore power is used to 


drive the machines. West's manual charging 
machine is a simple type from wdiich the well-known 
West's machines were evolved. The modern ty^ws of 
West’s charging machines are driven by compressed 
air and run on rails on the stage in front of the 
retort bench. The retorts on one level are charged 
at the same time, after which the machine is adjusted 
for other levels. A scoop carrying the charge of coal 
is introduced into the retort, reversed, but each 
retort takes (wo scoopfuls. The first time the scoop 
enters the retort it turns over on the right, and the 
second time on the left side. The four lovers for 
controlling the various actions of tho machine are 
j»laoed within easy reach of the stoker. 

The Arrol-Foulis Machine. Another 
well-known type of charging machine is the one 
devised b}^ Sir William Arrol and Mr. William Foulis. 
It is worked by hydraulic pow'er at a pressure of 
4(X) lb. }yev square inch. In this machine a hydraulic 
ram pushes charges of coal into the retort, five or 
six strokes being needed to charge a 10 ft. retort 
with 3 J cwt. of coal. 

Other Charging Machines. For small 
works the rapid charging machine of Messrs. 
Biggs, Wall & Co. is much used. There are two, 
one worked by manual labour and the other by 
power in the form of a small gas-engine. In Ruscoo’s 
charging machine the charge is put into the retort 
in one operation by means of two scoops side by 
side, these being overturned in opj)Ositc directions. 
The newest types of charging machine, such as the 
De Brouwer and the turbine machine, are driven by 
electricity ; in the latter macjiine the coal is shot 
into the retort by centrifugal force. 

Drawing Machines. Sometimes combined 
in the same machine as the charging machine is a 
device for raking out the coke when it has been 
exhausted of its gas, or this may be a separate 
drawing machine [3]. The makers whose names have 
been mentioned in connection with charging 
machines nlsD manufacture the drawing machines. 
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These consist essentially of a rake which is intro- 
duced into the retort and pulls out the glowing coke. 
Water-cooling devices are employed to cool the rake- 
rod. The coke is allowed to fall down a space 
beneath the stage, being directed by means of an 
iron screen or fender placed in front of the drawing 
machine, and is taken away by conveyors^ consisting 
of grids, or plates, running on chains. While on its 
journey the coke meets a stream of water, which 
quenches it, and it is conveyed away to stacks 
or storage hopi>er8, from 
which it is tilled into sacks 
or waggons. The old pro- 
cess is to let the coke fall 
from the retort into bar- 
rows, quench it with water 
from a hose or bucket, and 
then wheel the coke away 
to the yard. This method 
is costly, but still obtahs 
in small gasworks. 

Inclined Retorts. 

So far, we have dealt only 
with retorts which have 
been placed horizontally 
in the setting. This method 
is being replaced in the 
newer g;isworks 
by an improve- 
ment which con- 
sists in setting the 
retorts at an 
angle [4J. The 
method is due to 
Andr6 Coze, of 
K h e i m 8 , who 
patented the improvement in 1885. The retorts are 
set at an angle of 2tr' to 34^, and are fe<l at the upper- 
most end by travelling shoots, thus saving time 
and expense of hand or machine stoking. The coal 
storage tanks are placed above the level of the 
shoots leading to the retort, and by means of 
levers," mciisured quantities of coal are let fall into 
the retorts. The low’er end of the retort is fitted 
with the usual self-sealing lid from which the ascen- 
sion pipe rises. When the coal enters the retort it is 
met at the lowTr end by a check-plate, against which 
it forms itself into a regular layer along the bottom 
of the retort. When the distillation is hiiished th?. 
lids on the lower ends or drawing stage are oi>ened, 
and the coke falls out automatically, or with slight 
assistance. The latest development is to employ 
retorts set vertically, the claim being that a superior 
yield of gas and better quality of coke arc obtainecL 

Effect of Temperature. The retorts are 
heated to a temperature of from l,800^r. to 2,(KK)®F., 
that being the end temperature, four or six hours 
after charging the retort, when the coke is ready for 
drawing. The effect of heating coal at the higher 
temperature is partly to decompose some of the tar 
and increase the quantity of ammonia in the crud'^ 
gag. The impurities, carbonic acid, cyanogen, and 
the sulphur compounds are also increased. Put in 
another way, this means that the higher tempera- 
ture produces a larger yield of gas, but the illuminat- 
ing effect of the gas is lower. It takes from 15 tons 
to 2() tons of coke to distil 100 tons of coal, the lower 
amount being required in the regenerative furnaces ; 
but as little as 10 tons of coke arc needed in some 
of the modern generator furnaces. 

The Hydraulic Main. It will be re- 
membered that each mouthpiece of the retorts 
is fitted with an ascension pipe, an upright pipe 
which conveys the gas from the retort to what is 
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called the hydravlic main. The ascension pipes 
are about 6 in. in diameter, and rise some 
distance above the retort bench ; they join a descend- 
ing pipe by means of a short bridge of horizontal 
pipe, the dip pipe leading to the hydraulic main. 
This pipe dips about 1 in. below the water in the 
main. The hydraulic main is usually square, or 
with a rounded bottom, and is built up in sections. 

The liquid it contains is tar and 
water containing ammonia. The 
gas is drawn through this main 
by pumping engines 
or exhaiisters [5J, 
to be referred to 
presently. The pur- 
pose of the liquid is 
to condense much 
of the tar and 
like matters carried 
over by the hot 
gas, and prevent 
the gas returning 
to the retort when 
it is opened for 
charging. All the 
retorts in one retort 
house are con- 
nected with the 
same hydraulic 
main. The pipe 
which conducts the 
gas and liquid from 
the hydraulic main 
is known as the 
foul ntuin. This is 
connect-ed with the 
tar well, the tar and aqueous part separating in 
time, while the gas goes on to a series of cooling 
pij)es known as the condenser. 

Composition of Crude Gas. This is a 
convenient place to refer to the composition of 
the crude gas as it comes from the retorts. The 
combustible gases conttiincd in the crude gas are 
hydrogen (42 per cent, to 53 per cent.), methane 
(32 per cent, to 39 per cent.), carbon monoxide 
(3 per cent, to 10 per cent.), gaseous hydrocarbons 
(2*5 per cent, to 4*5 per cent.). The impurities which 
it is .desirable to remove as far as jwssible are small 
percentages of carbon dioxide, nitrogen, sulphuretted 
nydrogen, ammonia, cyanogen, and carbon bi- 
sulphide. The nitrogen is not removed by any of the 
subsequent purification processes. 

The Condenser. The giis, after it leaves the 
hydraulic main, passes through a series of vertical 
or horizontal cast-iron pipes, so arranged that the 
gas has to traverse the whole length of the jiipes. 
During its j)as8age in this condensing apparatus 
the gas is cooled and reduced in volume, and there is 
separated more tar and aqueous matter, which are 
led off to the tar-well before referred to by a 
syphon arrangement. (Climatic conditions in 
England render air-cooled condensers efficient, 
although in hot weather it is necessary to spray the 
outside of the tubes with water. The condensing 
pipes are from 6 in. to 12 in. in diameter, and there 
are from nine to twelve rows of pipes placed above 
each other (in the modern horizontal condensers). 
Other kinds 'of condensers are cooled by water, 
the principle being that the gas passes up a tower 
within which are vertical p™s with water circulat- 
ing therein. Clapham’s “ Eclipse ” condenser has 
sometimes as much as a mile and a half of tube in 
one condenser. 
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The Exhauster. The gan passes from the con- 
denser to the exhausters [5]. These ore cylindrical 
pumps, the purpose of which is to draw the crude 
gas away from the retorts, and, when the gas has 
passed through the exhausters, to force it onwards 
through the washing and purifying apparatus. The 
exhausters generally used are Beale’s, invented in 
1848, and improved in 1860 and 1871. Since then 
E. B. Donkin has patented a further advance in this 
type of rotary exhauster by which the internal 
drum is made to do duty as a piston. The exhausters 
are driven by a steam-engine, the rate being (care- 
fully regulated so as to maintain the vaccuum 
in the hydraulic main at a constant pressure. 

Scrubbers and Washers. From the ex- 
hausters the gas passes to the scrubbers or washers, 
where it is deprived of its ammonia and a part of 
the carbonic dioxide, sulphuretted hydrogen, and 
cyanogen. There are different ty}ies of scrubber.s, 
the principle of all being that the gas is finely 
broken up and brought into contact with a stream 
of water passing the opposite way to the gas. 
The tower form of scrubber consists of a tall tower 
filled with coke or wooden grids, a stream of water 
falling from the top of the tower through the coke. 
The gas enters at the bottom, and has to make its 
way up through the wet coke, losing on its way tlu* 
ammonia it contains. The towers are run in 8eri(‘s, 
the first one containing gas liquor, and the last one 
clean water. As the liquors become saturated they 
are passed to a plant for recovering the ammonia. 
Wn slier scrubbers driven by power are 
now replacing the older tower scrubbers. 

Those have central revolving portions 
through which the gas is passed, the 
int-erior consisting either of wooden grids, 
brushes, wooden balls, or thin sheets of 
metal. The aim in all these washing 
and scrubbing arrangements is to 
saturate tlie 
liquors fully, using 
as little water as 
possible, because 
it is a needless 
expense to have to 
recover a tn mon ia 
from weak solu- 
tions. 

Tar Extrac- 
tors. Means are 
adopted at various 
stages of the pro- 
cess of condensing 
and washing to 
lead off the tar, 
but a miniature 
scrubbing appara- 
tus placed before 
the 8 c r u b b e r s 
proper, with the 
idea of preventing 
clogging of the 
scrubber, is known 
as a tar -extractor. 

Chemical Purification. As iho gas 

leaves the scrubbers it still contains sulphuretted 
hydrogen (1 per cent, to 2 per cent.), carbonic acid 
(1 per cent, to .3 jier cent.), and small quantities of 
caroon bisulphide, and other sulphur compounds. 
The removal of these impurities is a chemical 
process. 

It is provided by the Gasworks Clauses Act of 1847, 
that gas shall not give evidence of the presence of 
sulphuretted hydrogen when tested with lead-paper. 



5. EXHAUSTER (The Bryan Donkin Co., Ltd.) 


This and other sulphur compounds are objectionable 
in gas, because the products of combustion which 
they yield (sulphur dioxide) are of an injurious 
character, both when breathed and because of their 
action on the contents of a room. Carbon dioxide 
diminishes the luminosity of the gas, and, as has 
been explained earlier in this article, it is not a com- 
bustible gas. The obligations of the various gas 
companies in regard to the removal of impurities 
are not identical. In some cases the carbon dioxide 
need not be removed, but as it diminishes the lumin- 
osity of the gas it is to the gas comjiany’s interests to 
sec that it is removed entirely or diminished very 
considerably. 

Scheme of Purification. To remove 
carbon dioxide the gas is passed over lime, the sul- 
phuretted hydrogen is removed by ferric oxide or 
Weldon mud, and the carbon bisulphide by siil- 
jihidod lime. The order of removal differs, as also 
do(*s the number of purifiers which are devoted to 
elmmical purification. This, as has been explained, 
is because of the differences in the legal requirements 
of the gas undertakings. If a complete scheme be 
adopted, it will require eight purifiers, the first two 
being lime vessels, the next two ferric oxide con- 
tainers, two more for sul])hided lime, and the last 
two in the nature of check vessels (often containing 
W(*ldon mud), to remove the last traces of suf- 
}>hurett(?d hydrogen. Another scheme, known as the 
all-lime system, retiuires four jairifiers containing 
lime and a chock-box of ferric oxide. Other gas 
companies only remove the sulphuretted hydrogen 
by means of ferric oxide, leaving the carbon dioxide 
and carbon bisulphide in the gas, and. again, ferric 
oxide and lime purifiers may be used, leaving the 
carbon bisulphide in the gas, but removing the 
sulphuretted hydrogen and carbon dioxide. 

The Purifiers. These are large cast-iron 
boxes, oblong or square, each vessel being , 
from .30 ft. to 40 ft. 
s»|iiare. Inside, a 
series of wooden 
grids is arranged, 
and curries the 
])urifying material. 
These shelves are 
arranged so that 
the gas passes 
over as much of 
the purifier as 
possible — that is, 
the journey taken 
by the gas from 
its entrance to its 
exit is as long as 
jiossible. The lid of 
the purifier has 
a flange, which 
dips into a chan- 
nel or U-section 
round the top of 
the purifier con- 
taining w'ater, thus 
acting as a seal or 
lute to prevent the escape of the gas. Dry seal 
covers are used in modern works. The lid is 
brought into eonOaet w ith strips of indianibber, and 
fastened down wfith awing bolts. The number of 
tiers of grids varies according to the material and 
depth of the purifier; the latter is generally 5 ft. 
The set of purifiers is arranged with valves and 
exit pipes so that the order of the purifiers can be 
changed or put out of action to j>ermit of recharg- 
ing. It is usual to have more purifiers than are 
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required for use, so that the process is efficiently 
caiTied out. When it is found that a purifier is 
not working properly, it is put out of action and a 
fresh purifiei is used in its place. 

Lime Purifiers. Lime, when freshly slaked, 
is one of the best substances known for absorbing 
carbon dioxide, the substance formed being a car- 
bonate. The lime purifiers have generally four tiers 
of grids, upon which the lime is placed about 4 in. 
deep. The lime is carried alongside the purifier in 
wheelbarrows, and arranged by a workman with a 
shovel. The removal is effected by means of an 
outlet provided at the bottom, or the 8]>ent lime is 
shovelled into sacks and 1 if toil out. The lime, as it 
is obtained from the earth,- is burnt and slaked 
by watering it. A cubic y.ard of good burnt lime 
requires about 135 gal. of water to slake it, yielding 
2J: yd. of slaked lime. It takes 5*7 cubic yd. of slaked 
lime to purify 1,000,000 cubic ft. of gas from 
carbon dioxide, this being the quantity needed 
in practice ; in theory, it is less. In addition to 
taking out the carbon dioxide the lime also takes out 
a portion of the sulphur (8 gr. to 10 gr. from 1(X) 
cubic ft. of gas), as carbon bisulphide, as well ns some 
of the sulphuretted hydrogen and cyanogen. 

Oxide Purifiers. The purifiers which serve 
for the removal of sulphuretterl h 3 'drogen are filled 
either with hydrated ferric oxide or a mixture of the 
oxide and Weldon mud (chiefly manganese dioxide). 
The ferric oxide that is used is natural bog ore (known 
also as iron sponge^ or iron which occurs 

in extensive dejwsits in the North of Ireland and 
Holland, This bog ore contains about 30 per cent, 
of ferric oxide, the rest of the substance being 
moisture and vegetable fibre, both of which are 
useful in dividing it, so that the sulphuretted hydro- 
gen has a better chance of l)eing absorbed. About 
6 yd. of bog ore will be needed in practice to purify 
1,000,000 cubic ft. of gas from sulphuretted hydro- 

f cn. The bog ore, which is reddish- browm, turns 
lack when it has absorbed sulphuretted hydrogen, 
the ferric oxide being converted into ferric sul- 
phide. 

R.evixrification. The ferric sulphide which is 
obtained by passing sulphuretted hydrogen over 
ferric oxide is a very unstable body. It has tfie 
curious proi)ert 3 % when ex])o.sed to the air, of ab- 
sorbing oxygen and returning to its original state 
as ferric oxide, the sulphide being left as free sul- 
phur, mixed w'ith the ferric oxide. This projierty 
is made use of for restoring the ferric oxide to 
efficiency when it has become saturated with sul- 
phuretted hydrogen, the process being known as 
revwification. The material can l>e revivified as 
many as fourteen tinie.s, after which the free sulphur 
it contain.? (about 50 per cent.) so dilutes the com- 
pound as to render it useless. This sulphur is either 
recovered at the gasworks or the sulphur-laden 
oxide is sold to makers of sulphuric acid. The 
revivification is attended by changes of colour 
which enable the workman to tell how the change 
is progressing. Sometimes the absorption of oxygen 
is so rapid that the mass takes fire, so it has to be 
carefully watched, and not spread out in layers of 
less than 12 in. deep. The oxide is taken out of 
the purifiers for revivification, and spread on a 
concrete floor, being turned over every few days 
until the oxidation is complete. A process of revivi- 
fication in the purifiers is practised at some works, 
»i8 mixed with air or oxygen being passed through. 
This obviously saves a lot of handling of the oxide, 
but is not so easily managed, and the ferric oxide 
in the purifier has a tendency to become caked when 
it doe.s not readily absorb sulphuretted hydrogen. 
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Wel4on Mud. The use of Weldon mud in place 
of bog oi-e was proposed by Messrs. Hood and Sala- 
mon in 1888. Weldon mud is a by-product in the 
manufacture of chlorine, and a nuisance to the 
alkali-maker. Hood and Salamon, by a process of 
decantation, washed out most of the calcic chloride 
contained in the mud, leaving a mixture of 
hydrated oxides of lime and manganese. The mass 
is allowed to dry until it is in a moist, crumbly con- 
dition, when it is ready for use in the purifier. The 
manganese oxide becomes manganese sulphide by 
the absorption of sulphuretted hydrogen, changing 
its colour from j'ellowish-brown to pink. When 
saturated with sulphuretted hydrogen, the Weldon 
mud is revivified in like manner to bog ore. It is 
claimed to be siqierior to bog ore, because of the 
greater activity of W’eldon mud. 

Carbon Bisulphide. There still remains a 
very objectionable impurity in the gas — carbon 
bisulphide. The process of removal is to pass the 
gas over lime that has been saturated with sul- 
phuretted hydrogen. This is prepared by passing 
gas free from carbon dioxide, but still containing 
sulphuretted hydrogen, tlirough a lime purifier, 
forming sulphides of lime. This acts upon the 
carbon bisulphide in tlic gas, and forms probably 
calcium thiocarbonate. Hefore passing the gas 
through the sulphide purifiers it contained from 
30 gr. to 40 gr. of carbon bisulphide jxir 100 cubic ft. 
of gas, but this is reduced by passage through the 
purifiers to ns low ns fi gr. of sulphur compounds. 
In London the maximum of sulphur that is allowed 
in the gas is from 17 gr. to 22 gr. per 100 cubic ft., 
according to the season. As a matter of fact, the 
quantity present is much below the maximum — 
some 10 gr. t-o 12 gr. A purifier of about 28 ft. by 
3(> ft., charged with six 10-in. tiers of lime, will take 
up about 5 tons of sulphuretted hydrogen, and will 
absorb, when in action, at least 3 tons of carbon 
bisulphide. Two such vessels should suffice for a 
year s working on a daily output of about 3,000,000 
cubic ft. of gas. 

Cyanogen. The cyanogen compounds which 
are present in the gas, chiefly combined with am- 
monia, are taken out by several stages of the purifi- 
cation processes. The water in the scrubbers absorbs 
some, the lime another ))ortion, and the ferric oxide 
the remainder. When absorbed by lime, it is diffi- 
cult to recover the cyanogen in a paying form, but 
it is easier to obt^iin it W'hen it has been absorbed by 
ferric oxide. For this reason, when cyanogen re- 
covery is practised, lime purifiers must not be placed 
before oxide purifiers. Special processes are being 
worked for the recovery of cyanogen compounds, 
these latter l>eing absorbed by certain reagents, such 
as ferrous sulphate, contained in a vessel placed in 
front of the scrubbers. 

Candle-power. The quality of gas supplied 
by gas companies is judged by its illuminating 
}K)W’er. This is fixed in London as 1 6-candIe power — 
that is, one light from gas consumed at the rate of 
5 cubic ft. per hour shall be equal in intensity 
to one light producetl by sixteen standard sperm 
candles. These candles are defined by the Metropolis 
Uas Act, 1860, as being six to the pound, and 
burning 120 grains of sT)ermaceti per hour. The 
gas is burned in a stanaard burner known as the 
J.«ondon Argand No 1, and the light judged by a 
Bunsen photometer. The gas supply of London 
is subjected to frequent periodical examination 
as regards, illuminating power, there being twenty 
testing stations in charge of the London County 
Council. In 1902 the sperm candles were replacea 
by a new standard lamp designed by Mr. Vernon 
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Harcourt, in which pentane (a petroleum distillate) 
is burnt. Every detjiil of the lamp is standardised, 
so that a light of the same intensity is always ob- 
tainable, the light being equivalent to the standard 
candle previously employed. Very precise direc- 
tions are issued in a publication entitled “ Notifica- 
tion of the Gas Referees,” which is obtainable from 
the Government stationers. When gns was made 
from cannel coal there was no difficulty in supplying 
coal showing 27-c indie power; such gas was used in 
the Government offices up to about 1 K76. There was 
a lower ]>ower gas supplied, made from bituminous 
coal, which tested at 10-candlo power, that being 
the statutory illuminating power at piesent. As 
gas is more used for heating, and with mantles, and 
as it is easier and cheaper to make gas of a low^er 
candle-power, there is a movement on foot among 
gas com])anies to obtain consent to supijly 14-candle 
power gas. 

Gas Enrichment. To bring the illuminating 
power of gas up to standard, it was formerly the 
firactioe to employ a certain proportion of cannel 
gas. The increasing dearness of cannel has led 
to the devising of other means of enriching gas. 
The cheapest enricher is benzene, which js 
volatilised in a special apparatus ; toluene, xylene, 
and naphthalene arc better enrichers, but they 
are not so volatile. The albo-carbon method of 
increasing the illuminating jiower of gas at the 
burner involves the use of naphthalene, W'hieh is 
vapourised by the heat of the gas that is burning. 
As it is now usual to mix water-gas with coal-gas, 
the former is carburetted — that is, enriched with 
benzene or carburino before bemg added to the 
coal-gas, and is made the moans of adjusting 
the candle power to standard in the finislicd gas 
as supplied to the public. This matter will be 
referred to again when we consider water-gas. 

Gas Testing. To test for fndphv retted hydrogen, 
a strip of load acetate paxKsr is exposed to the 
action of a stream of gas for three minutes, when any 
discoloration that results is evidence of the presence 
of sulphuretted hydrogen. The lead acetate paper 
is made by wetting w'hite filter pa})er with n solution 
of 60 grains of lead acetati^ in 1 oz. of water. A^n- 
monia is tested for bypassing 10 cubic ft. of the gas 
over glass beads moistened with a known (piantity 
of sui})huric acid of known strength. Any loss of 
acidity due to the action of the ammonia is tested 
by another solution of ammonia of known strength. 
If a complete analysis of the gas is to be made it is 
conducted in the following order. (1) Carbon 
dioxide and sulphuretted hydrogen, by shaking 
w ith caustic soda solution ; (2) oxygen^ by an al- 
kaline solution of pyrogallol ; (3) unsatiirat^d 

hydrocarbons^ by nbBorj)tion with a solution of bro- 
mine in jMDtassium bromide ; (4) carbon motvoxidc, 
by an acid solution of cuprous chloride ; (5) satu- 
rated hydrocarbons, by partial absorption by paraffin 
oil, and exploding and analysing the resulting 
carbon dioxide; (6) nitrogen, by mixing a fresh 
volume of the gas with oxygen, exploding and 
rc^moving the carbon dioxide and excess of oxygen, 
w'hen the residue is nitrogen ; (7) hydrogen, by 

difference. 

Bysproducts. The coke which is yielded from 
the distillation of coal is employed as a heating agent 
for the furnace or generator yielding the heat by 
which the distillation is effected. There is, how- 
ever, a large excess which is sold as a fuel. If the 
use of coke as a fuel were more general the smoke 
problems in large towns w’ould be solved ; special 
grates, however, are required for burning coke 
effectually. From the gas liquor ammonium sulphate 


is obtained ; it is used as a manure, but large quantities 
of pure anhydrous ammonia are now required for use 
in refrigerators. Cyanogen is recovered from the 
spent oxide of the purifiers. The tar which collects 
in the tar-well is distilled, and yields a great variety of 
liquids, which are the starling-point of many aniline 
dyes and synthetic medicines. Bricks are made from 
the clinker, and spent lime of the lime from the 
purifiers ; it will be remembered also that iron oxide 
saturated with sulphur is used for making sulphuric 
acid. Tar is also used as a i)aint for outside 
fences, and when cheap it is economical as a fuel or 
for enriching gas, as in the Pinsmore i>roccss. 

Station Meters. When gas leaves the puri- 
fiers it is measured by large station meters. Gas 
is mofisured like any liquid, by altcrnatcdy filling 
and emptying an entdosed space of known capacity. 
The capacity of the space multiplied by the sum 
of the fillings and emifiyings is the volume measured, 
which is transmitted to a dial. Upon the accuracy 
or otherwise of the meter depends the record of the 
yield of gas from tlie coal employed. The station 
meter is of the variety known as a wet meter, and is 
of exactly the same construction as the meter 
.supplied for domestic use, but capable of registering 
very large quantities of gas. 

The Gasholder. The gas is finally passed 
into the large gasholders [6], or gasometers, as they 
are often 
incorrectly 
called. The 
gasholder 
is a hollow' 
vessel in- 
verted in 
a tank of 
W'ater and 
m a i n - 
tained in 
e q u i 1 i - 
brium by 
an outer 
framework g. uasholdeb 

or cables. 

The concrete base upon which the gasholder rests 
is best made of a mixture of old retorts and Port- 
land cement, and the inner surface of the 
excavation or tank is coated w'ith cement concrete. 
The gasholder is made of plates of iron riveted 
together. The different storeys of the gasholder 
are known as lifts, and slide or telescope within 
each other, being made gas-tight by water-seals. 
(jJasholders are now' made of enormous .size, as 
the larger the holder the cheaper the storage cost. 
The largest gasholder in the w'orld is at East Green- 
wich. This is a six-lift holder, and has a capacity 
of over 12,000,000 cuhi • ft. of gas. It costs 
njjproximately £5 per 1,000 ft. of storage. Spiral 
gasholders have lifts w'hich ascend and descend 
with a 8j)iral action. Gaslu^lders equal to at 
least n day’s maximum supply must be provided. 

Gas-governor. The gas is now ready for 
delivery to the public, but, as the demands vary 
with the time of day and season of the year, an 
arrangement known as a pressure governor is em- 
ployed to maintain constant ju-essure on the main. 
The regulator acts automatically, and is constructed 
on the principle of a gasholder, in that the rising 
and falling of a miniature gasholder opens or shuts 
a tlirottlo valve admitting gas to the main. In 
large works an exhauster is also required to send the 
gas through the mains, but in many cases the down 
pressure of the gasholder is the force which drives 
the gas through the distributing mains. 
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Wood«gas« Murdock, to whom we owe the 
introduction of coal-gas into everyday use, told the 
Royal Society in 1808 that he had also experimented 
with wood and peat as a source of gas. The 
gas which is given off on destructively distilling 
wood is of good illuminating power if care is taken 
to employ sufficient heat to decompose the liquid 
oils which distil over. At high temi)erature8 these 
yield gaseous hydrocarbons, which contribute in a 
great measure to the illuminating power. The 
process of manufacturing wood-gas is practi-sed 
only in those countries where wood is plentiful 
and coal expensive. Riche’s gas plant is used, the 
retorts being of cast iron. The gas consists of 
hydrogen, carbon monoxide with marsh-gas and 
ethylene, the carbon monoxide being in larger 
proportion than in coal-gas, some of it being due 
to the decomjwsition of the water which is con- 
tained in all wood. Sawdust and cork are some- 
times distilled for gas, and several methods have 
been proposed for the preparation of peat - gas. 
These gases can be carburetted to increase their 
illuminating powers. 

Airagas. What is known as air-gas consists of 
air carburetted with the vapours of highly volatile 
hydrocarbons, such as gasoline, carburine, and 
benzene. The hydrocarbon needs to be very volatile, 
and of constant and uniform composition. Some 
small installations in places where gas is not avail- 
able, and acetylene too expensive, have been 
successful. At Llanbcris School a plant has been 
satisfactorily working for some time. It consists 
essentially of three parts : ( 1 ) A large, shallow 
cylindrical copper tank holding 250 gallons, buried 
some 30 ft. or more from the building, and filled 
with gasoline through a pipe and closed airtight 
by a screw tap. Two other pipes, an inlet and 
outlet, are fitted into the top of the tank, and pass 
underground to the cellar of the building. (2) In 
the collar a pump, worked by a weight on pulleys, 
forces air through the inlet pipe on to the surface 
of the gasoline in the tank. Evaporation is rapid — 
gasoline boiling at from 35*^ C. to 70° C. — and the 
mixture of vapour and air is driven through the 
outlet pipe into (3) an automatic mixer, by which 
a definite and known quantity of air can be added, 
so that the projKjr proportion for burning may be 
constantly maintained. The apparatus is simple, 
and requires very little attention. The weight 
has to be wound up once a week, and the mixer 
adjusted by moving a small wheel along a rod, 
about once every two or three months, and the 
tank filled about every twelve or eighteen 
months. The frequency of the recurrence of 
these operations depends on the size of the 
plant relative to the demands upon it. Some, of 
the air-gas plants require heat to evaporate the 
hydrocarbon, this increasing in a measure the risks 
of explosion. 

£ther>£a8. A similar air-gas can be made 
with ether, but in this case the air is passed through 
a box containing a fibrous substance which has 
been saturated with ether. On dilution with air, 
ether loses its luminous flame; but any desired 
degree of luminosity can be imparted by carburet- 
ting with benzene. The cost of ether air-gas enriched 
with benzene is about twice that of oil-gas, its 
chief advantage being the ease with which a small 
plant can be installed to meet any temporary 
requirement. In the ether saturators sometimes 
employed in optical lanterns oxygen is passed 
through a metal box filled with ether-saturated 
cotton-wool. 
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OiNgas When oil is subjected to destructive 
distillation it is broken up— cracked ” is the 
technical term — and a gas possessing high luminosity 
and heating power is obtained. The earliest process 
was invented by John Taylor in 1816, and shortly 
afterwards a method of compressing the gas was 
devised so that it could be readily transported. 
On account of the last-named fact, the gas was also 
known as portabh gas. To chemists this early 
manufacture possesses an unusual interest, as it 
was from the liquid condensed in the cylinders 
of portable gas that Faraday first prepared benzene, 
this discovery laying the foundation of the aniline 
colour industry, which has now attained so much 
importance. The use of oil -gas, however, almost 
died out on account of the competition of the 
cheajxir coal-gas, and it was not till 1870 that oil- 
gas w'as revived as a specially convenient method 
of illuminating railway carriages, buoys, and 
lightships. 

Pintsch's Apparatus. There are several 
processes of manufacture. The Pintsch system is 
one in use by many railway companies, the following 
being a description of the process ns used by the 
Great Northern Railway at Holloway. The plant 
was designed to make 60,000 cubic ft. of gas per day. 
The 10 in. D-rctorts in which the oil is cracked 
are made of 1 in. metal, and are 0 ft. in length ; 
they are worked in pairs, and are kept as nearly 
as possible at a cherry-red heat. E»ich pair will 
make from 300 cubic ft. to 400 cubic ft. of gas per 
hour, and 600,000 cubic ft. to 700,000 cubic ft. of gas 
before they require renewal. Immediately before 
the gas enters the hydraulic main a J in. iron pipe, 
provided with a stop-cock, is tapped in so that the 
colour of the gas may be seen, this being the practical 
teat applied to ascertain the quality of the gas, 
and whether the proper quantity of oil is being 
admitted. Another test for regulating the supply 
of oil is to drop a small quantity of the tar from the 
gas main uj)on a sheet of white paper ; if too much 
oil is being admitted to the retort, a greasy ring 
will 1)0 found round the spot of tar ; but if tlie right 
quantity is being used, no greasy ring will appear. 
The furnaces consume KiO lb. to 180 lb. of (loke 
for every 1,000 cubic ft. of gas produced. The oil 
used is a once-refined shale oil ; it runs to the retorts 
from a galvanised iron cistern of 50 gallons capacity 
through a 1 in. iron pipe, at the end of which is 
fixed a gun-metal micrometer cock for regulating 
the supply. From this supply pipe the oil flows 
into a small funnel attjichod to a J in, syphon 
pipe, 12 in. deep, connected with the retort; it 
then falls on a loose tray, preferably of steel, 
and is instantly converted into a dense brown 
vapour. The gas issuing from the retorts passes 
to the hydraulic main, then through air condensers, 
washers and purifiers into the meters and gasholders. 
The purifiers contain a mixture of two parts of slaked 
lime to one part of sawdust placed on wicker trays, 
and are recharged every week. The cylindrical stol 
storeholders are 17 ft. 6 in. in length, and 4 ft. Sin. 
in diameter; they are teated by hydraulic power 
to 300 lb. per square inch, and are provided with 
a pressure gauge registering up to 200 lb. per 
square inch. ITie gas is forced into the store- 
holders through a 1 in. extra stiong lead pipe by 
compressing engines. Each holder is provided 
with a cock at the bottom for drawing off the 
condensed hydrocarbon, of which about a gallon 
is obtained from every 1,000 cubic ft. of compressed 
gas. Each gallon of oil yields 80 cubic ft. to 85 cubic 
ft. of gas. The oil is run in at about 12 gallons 
per hour. Other systems are the Keith, Pope, and 
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Peebles processes. The object aimed at in the last- 
named — Young, of Peebles — is to produce an oil-gas 
specially adapted for carburetting water-gas and 
enriching coal-gas. 

Mansfield’s Apparatus, A form of oil- 
gas plant much used for private installations is 
that made by Mans- n 

field & Sons, Ltd., 

Liverpool. The illus- v ^ 

tration [7] shows a 

sectional elevation of ^ 

the complete plant, i | 

the details of the ^ IJyS^ I 

gas producer being t » h | 

shown in the smaller ^ | 

figure [8]. The pro- ^ p • 

ducer has a retort Sb y l | 

suspended in a cast- 

iron casing, lined with ^ Pn>du^D « « 

fireclay fittings. The 
top of the retort is 

made gas-tight by a « f ^ ^ 
lead joint. W hen the •rtk* A^jur , 

retort is hot enough ** | 

to make gas, the 
lead melts, the bonnet 

sinks into it. thus m~ — . 

making an automatic 
joint. The retort is 
heated by a coal or 

wood ^re, and a , ^ 

strong red heat as TS 

seen through a sight [ 

plug is maintained ' "-1 u 

throughout the gas- 
making process. Oil 
is stored in a suit- 
able tank in any ^noooctwii ca* mou*c. 
part of the building. _ , 

tVom this tank a Mansfields 

pipe is led to the oil (Manstteld t Son 


f|ieOUCtll*li MOU*C. 


7 . Mansfield's oil-gas plant 

(Manstteld t Sons, Ltd., LiverptHil) 


B3rj)hon of the producer. A small cock attached to 
the end of the pipe regulate.^ the (low of oil which 
is permitted to run in a fine stream into the funnel 
of the oil syphon. Through this it passes into the 
retort, and is converted into gas. The gas rises 
into the bonnet, and passes down the standpipe 
into the hydraulic main, through 
which it passes into the gasholder. 

The materials from which oil -gas 
can be made include creosote, 
palm-oil, castor-oil, coconut-oil, ^0***^^ 

Knngoon-oil, kerosene, fish-oil, C 

tallow, and unrefined fat. T “iflfllfe 

Water-gas. When water, in 1 M ■ 
the form of steam, is passed through 5„„o I 

a mass of incandescent coke, the I 

water molecule is decomposed, its I 

constituent elements combining I 

with the coke — a form of carbon — | 

to make carbon monoxide or I 

carbon dioxide and hydro- p| " g| 

gon. If the temperature 1 L 1 M 

of the coke is at about ■ » _ wl 

600 ° C., carbon dioxide _ - .j- LJ 

and hydrogen are formed, 

but at 1 , 000 ° C. the pro- J 

ducte are carbon monoxide details OF Ti 

and hydrogen. The mixture 

of gases thus obtained is known as water-gas. In 
discussing the various combustible and non-com- 
bustible constituents of gas, it was pointed out 
that carbon monoxide is combustible, but that 
carbon dioxide is non-combustible, and thus of no 


value as an illuminating or beating gas. The 
object will bo, therefore, to produce carbon mon- 
oxide in preference to carbon dioxide if the usual 
properties of a gas are desired. There are, how- 
ever, cases in which the carbon dioxide is prefer- 
able, as will presently be explained. The reaction 
in making water-gas 
takes place in two 

a stages — the first, in 

which the water mole- 
cule is decomposed, 
absorbs heat in course 
of the change ; and 
the second, when the 
carbon monoxide is 
-T — being formed, is a re- 
action where heat is 
given out. The process 
is, on this account, an 
intermittent one. Air 
is blown in a blast 
^ L| over glowing coke till 

j — 1 I the mass becomes 

. • intensely hot, the gas 

— U — being given olT at 

this stage being 
/ known as producer 

/ 4... ^ J o** generator gas. 

/ ! H \ \_ When the coke is 

" J \\^ \ ^^ot, steam is blown 

-Co- X . — / ' place of the air, 

111 r water-gas being pro- 
J / duced. The reaction 
Vv N \ / rapidly cools the 

< coke, 80 that it be- 

comes necessary to 

stop the injection of 
CAS HoiDcA sTANH. Btcum aud again 

blow the coke to 
OIL-GAS PLANT incandescence by 

Ltd., LiverptH)!) turning on the air 
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blast. The producer or generator gas is passed into 
a second vessel filled with firebricks, which it 
raises to a white heat, and it is into this second 
vessel or superheater that the steam is passed before 
it goes into the fuel in the generator. Thus water- 
gas is made for about four minutes, and the 
heating-up occupies about 
ten minutes. This question 

B of producer gas will be 
dealt with later. 

Carbupetted 

— Water-gas- It will be 

i remembered that both 

< hydrogen and carbon 

ctT 1*0- c.«<M — monoxide give Hue or non- 

luminoiis flames, and to 
make the gas give a lumi- 
aitc, nous fiaiue it is carhurctied 

in a way similar to the 
f«ia«TuM — enriching process referred 

- to in the article on coal- 

carburetting is 
^ . r,M«o« - - effected by the hot process 
fctwtti _ _ ■!— an additional chamber, 

’■ — — A».6o« in which oil is decomposed 

L and the vapours mixed 

B GAS PRODUCER with the water-gas in a 

manner which will be best 
understood by reference to our remarks on oil-gas. 
The enriching ma}' also be carried out in the cold 
process by allowing the gas to pass into a vessel 
containing carburine, a mixture of gasoline and 
benzene, which vessel is Burroimded by hot water 



to proiiioto evaporation. This, again, will be readily 
grasped when the section of this article on air-gas 
IS read. Carburetted water-gas is much used in 
the United States, where gas-coal is comparatively 
dear, and hence cannot advantageously be used for 
preparing coal-gas. In this country the large gas 
companies are in the habit of mixing about 10 per 
cent, of carburetted water-gas with the coal-gas 
as a convenient method of raising the candle-power 
of the latter to the standard candle-i)ower. Water- 
gas is more poisonous than coal-gas, as it consists 
mainly of carbon monoxide and hydrogen, the for- 
mer a very poisonous gas. Moreover, as water-gas is 
inodorous, it is not so easy to detect leakage. This 
objection can be got over by giving the gas a strong 
smell by passing over na}>hthalene or impregnating 
with isocyanides or organic sulphides. The objection 
does not arise in cases where the earburetted water- 
gas is mixed with coal-gas, but the poisonous pro- 
perties of carbon monoxide is a reason why the 
proportion of water-gas should not be unduly in- 
cToascd. If it were not that the public want a gas 
to give a luminoiis flame always it could very well 
be made luminous at the burner by means of an 
incandescent mantle. 

Advantages of Carburetted Water- 
gas. After referring to the disadvantages of w^ater- 
gas, it is only just to state the advantages. These 
are that the gas can be made of high illuminating 
power ; economy in wages, since fewer workers are 
required than for the manufacture of coal-gas : the 
small cost of the installation ; small area occupied 
by the plant ; the utilisation of coke ; freedom of 
the gas from ammonia and small amount of sul- 
])hur compounds to be removed. There is no need 
to remove the small amount of carbon dioxide, and 
the apparatus can be got ready for working in less 
than four hours, which is a convenience in case of a 
suddenly increased demand for gas. In coal-gas 
works it is economical to use the red-hot coke as it 
is drawn from the retorts. 

Lowe’s Water-gas Process. Having 
stated the chief points in the manufacture of water- 
gas, a few details of some of the processes actually 
employed may be given. In the Tessic du Motay 
process the water-gas is made from anthracite (in 
place of coke) and steam, then purified by ywssing 
through a lime-box, and finally carburett^ by the 
cold j>rocess, the resulting mixture of water-gas 
and naphtha, or carburinc vapour, being led through 
specially arranged retorts to ensure decomposition 
of the hydrocarbon, and finally stored. Lowe’s 

i >roccss will be best understood by reference to 9 . 
ji this the decom- 
jiosition of the 
naphtha is carried 
out simultaneously 
with the production 
of tlie W’ater-gas — 
that is, it is car- 
buretted by the 
hot process. A is 
the generator, filled 
with anthracite 
through the man- 
hole a. A fan, F, 
sends a current of 
air into the gene- 
rator through the O lOWK’s WATER-GAS PLANT 



valve c ; the gases 

escaping through the pipe h into the superheater 
B, filled with stacked firebricks ; when the ga.se8 
contain enough carbon monoxide to burn, air is 
also blown in at the base of the superheater 
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through the valve e, the products of combustion 
escaping into tlio open at the top through d. When 
the requisite temperature is attained, c, d, and c 
are closed, and the fan nearly stopped, a very gentle 
current being still maintained through small 
orifices in c and c, purposely arranged to prevent 
back-rush of water-gas into the air main, which 
otherwise might cause an explosion. Steam is then 
turned on at the base of the generator, and a 
stream of naphtha at the top supplied from the 
tank by means of a series of distributing tubes. 
The mixture of hydrogen, carbon monoxide, and 
a little carbon dioxide formed in the generator, 
vaporises the naphtha, and the mixed gases act on 
one another in the suyier heater, ultimately pro- 
ducing an illuminating gas of high quality, when 
the steam and naphtha supplies are properly pro- 
portioned. The gas is washed in the purifier i), and 
the two towers. 1) and E, and stored. The steaming 
ojjeration is continued for twenty minutes, when 
the steam is shut off, more anthracite filled in 
through the manhole, and the c3"elo of operations 
begun again. Every few hours (six to twelve) 
the doors, H, at the base of the generator are 
opened and the anthracite residue raked out. As 
will be seen, the product is a mixture of oil and 
water-gases. All sorts of variations of this process 
are in use. In one the superheater is filled with 
lumps of lime to free the gas from carbon dioxide. 
The Granger plant is arranged so that the naphtha 
is forced in umler pressure, thus facilitating its gasi- 
fication, and in the Hanlon and Leadlejr process 
bituminous coal is used in place of anthracite. 
Humphrey’s ajijiaratus consists of two generators, 
two carburettors, and two suptTheaicrs. The 
generators are connected hj" means of a flue, and each 
of them is also in connection with a carburettor and 
a superheater, the object being to enable the process 
to be alternately^ worked from the left and right. 

The Dellwik-Fleischer System. In the 
water-gas yirocesses just described, the fuel is raised 
to incandescence blowing air through so deep a 
bed of fuel that the chief products are carbon 
monoxide and nitrogen (from the air). One pound 
of carbon develops only 2,460 heat-units when 
burnt to carbon monoxide, but 8,080 when burnt to 
carbon dioxide, for the reason exyilainod in the 
opening remarks about the water-gas reaction. 
Carl Oellwik has devised a process by which the 
products of the “ blow ” are carbon dioxide and 
nitrogen, and thus the additional heat-units are 
made available in raising the temyx‘raturo of the 
bed of fuel in jdace of jiassing into the jiroducer 

gas. The result is 
that twice as much 
water-gas is ob- 
tained, the extra 
lieat reduces the 
“ blow ” period, 
and allows the 
“ run ” (steam 
admission period) 
to be prolonged. 
Th'‘ flow of steam 
to the fuel is regu- 
lated so that even 
at the end of the 
run there is no 
excess of steam to 
oxidise the carbon 
monoxide to dioxide. A ton of good coke yields 
70,000 cubic ft. of water-gas in place of 34,400 by 
the older process. Under the older processes the 
cost of 1,000 cubic ft. of water-gas is from 4d. 



to 6d. ; by a large Dellwik-Fleischer installation the 
cost is below 3d. The gas produced by the Dellwik 
process has been successfully utilised at Cleethor}>es 
for mixing with coal-gas by passing it into the 
retorts during carbonisation. Dr. Fleischer im- 

E roved the original Dellwik process, hence his name 
ecomes to be associated. 

Methane Hydrogen Gas. This is the name 
of a process which has been successfully adopted 
at Sligo and Truro. The generator is filled with 
coke, and then blown up to incandescence, the 
waste gas escaping part of the way up the generator 
to the stack pipe, so that the fuel above is dried and 
heated before it comes down into the hot zone, 
and also serves to filter out the finely divided carbon 
produced during the “ run.” When the requisite 
temperature has been attained the valves are 
altered, and steam and tar are injected into the 
body of incandescent fuel. The tar is decomposed 
into carbon and gaseous products — containing 
methane — the steam combining with the coke 
and separated carbon to produce water-gas. A 
further quantity of steam injected at the bottom 
of the generator serves to produce ordinary water- 
gas, which passes away and mixes with the other 
gases. This gas is mixed with ordinary coal-gas 
in the foul main, where it takes up a considerable 
quantity of illuminants from the hot tar. Methane 
hydrogen is claimed to take up benzene better than 
ordinary water-gas in the carburetting process. 
Such a carburetted methane-hydrogen gas costs 
8‘92d. per 1,000 cubic ft. at Truro. 

Producer«gaa. This term is applied to the 
gas obtained in the producer or generator of the 
water-gas apparatus. It will be remembered that 
air was pass^ into the generator filled with coke, 
a gas was produced which was used to heat the 
second chamber, into which steam was driven and 
decomposed into water-gas. This may bo taken as 
an instance of the utilisation of producer-gas ; 
but it finds many employments in metallurgical 
operations, boiler firing, gas-engines, and in glass 
and j)Ottery manufacture. It is also known as 
Siemens' gas, because producer-gas was economically 
made in a regenerative furnace of the Siemens’ 
type. The producer-gas is made in numerous 
different furnaces. In some the gas is enriched 
by being used for distilling coal ; and, again, if 
steam and air are injected, a mixture of producer- 
gas and water-gas is obtained — the so-called semi- 
water-gas or Dawson gas. The amount of steam 
that can bo used is limited — from the reasons 
which we have dealt with in the paragraph on 
water-gas — and is arranged so that the heat 
generated by the air equals the heat absorbed by 
the steam. Producer-gas contains a large propor- 
tion of nitrogen from the air that is injected, and 
as nitrogen is a non-combustible gas, producer-gas 
is comparatively poor in heating properties ; its 
flame cdso is non-luminons. The !l^ench call the 
gas gaz pauvre, or poor qas. Although the gas is 
poor, it can bo produced in largo quantities, and 
very cheaply. On this account producer-gas can 
be used frroly, and still bo an economical source of 
power. Carbon dioxide is also found in producer- 
gas, but the object is to make carbon monoxide 
in preference, as only the latter is combustible. 
Some average analyses will be given later in com- 
paring Idle composition of several gases. In many 
producers anthracite is used in |dace of coal, as 
the tar produced with bituminous coal entails 
purification plant, the gas having a clogging action 
when used in gas-engines if it contains tar. 


Types of Producers. The Bisohof producer 
of 1839 is the basis of most types that have since been 
inventecl. The Siemens’ gas producer was brought 
out in 1801. These early t 3 q)es of producers had 
open ashpits, with draught produced as in ordinary 
furnaces, and much heat was lost. Succeeding 
types are provided with closed hearths, and are 
produced with numberless variations in the arrange- 
ment of the parts. Prof. A. H. Sexton divides clos^ 
reducers into the following five groups : (1) bar 
ottom ; (2) solid bottom ; (3) water bottom ; 

(4) automatic ; (5) blast furnace. The Dowson 
producer, one of the best known of the bar bottom 
t 3 rpe, was patented in 1878 (No. 3997) and 1881 
(No. 2859). The air and steam were admitted 
through the bars. The clinker from the fuel accumu- 
lates on the bars of the furnace, and needs stoking 
to remove it. The Wilson producer of 1876 (No. 
3949) is an example of the solid- bottom producer. 
The fuel rests on the solid bottom of the generator 
upon a layer of clinker. The clinker is drawn off 
near the bottom, and air blown in just above the 
layer of clinker, which is always left in the producer. 
The clinkers are removed every twenty-four hours 
through narrow side doors, bars being put across 
to support the fuel during the operation. Solid - 
bottom producers are thus intermittent, but this 
is got over by arranging a water-seal as in the water- 
bottom producers. The ashes fall into water, 
and no gas escapes. The heat of the ashes vaporises 
some of the water, which passes into the producer. 
The Duff producer (patent 15646, of 1901), the 
Smith and Wincottpr^ucer (patent 12895, of 1901), 
and the Wilson water- bottom producer are repre- 
sentative examples of this type. In the automatic 
roducei*a the ashes are continuously removed 
y mechanical means. The Wilson automatic 
producer does this by a constantly revolving screw, 
which slowly pushes out the ashes. Space will not 
permit of details being given of the numerous 
producers that have bwn patented, and which 
fall under one or other of the above types. The 
chief improvements consist in means of removing 
the tar from the gas ; heating the air and steam 
before use : special methods of charging ; s^^ecial 
arrangements for supplying the air and steam; 
varieties in grates ; producers raising own steam ; 
arrangements for breaking up clinker or fuel ; 
supplying the air and steam at the top and draw- 
ing off the gas lower down ; feeding at the bottom. 

Suction Gas-producera. The constantly 
increasing use of gas-engines has ensured the evolu- 
tion of the gas producers along economic lines. 
The types hitherto dealt with have needed air 
and steam forcing into the producer, with the 
consequence that the gas was under slight pressure, 
from which fact the tyx)e has been distinguished as 
pressure gas-producers. From these a new typo 
requiring neither steam-jet nor air-blower has been 
evolved, the air being drawn into the producer 
by a suction pump attached to the gas-engine, 
being known as suction gas-producers. With the 
older type of pressure producers a boiler was needed 
to generate steam, and a gasholder in which to 
store the gas for use ; while with the suction type 
the gas is taken direct to the combustion chamber 
of the engine. The boiler is supplanted by an 
evaporator or mporiser, which in small plants is 
built frequently on the top of the producer in the 
form of a water jacket, and in large plants close to 
the producer in the form of a tubular evaporator. 
This evaporator is generating the steam required 
by utilising the waste heat of the producer and of 
the gas, which is of considerable advantago, as 
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coniparocl with the old system, the firing of a separate 
boiler being dispensed with. The advantage of a 
suction gas-producer are automatic generation of 
the gas by the engine ; highest and best utilisation 
of fuel ; no boiler or gasholder retiuired ; can be 
erected without danger in any convenient place ; 
easy to start and to run ; no soot, smoke or odour ; 
no explosion possible : and small floor space re- 
quired. The origin of the type is the Benicr pro- 
ducer, which was patented 1894, and has been 
specially developed on the Ck)ntinent. A complete 
suction gas-producer plant consists of a blower 
which, up to 150-h.p., is driven by hand ; a ])ro- 
ducer, an evaporator, an overflow water-pot, a 
scrubl»er, and a small equalising tank or expansion 
box. In plants above 7r>-h.]>. a sawdust scrubber is 
advantageously inserted behind the wet scrubber, 
and in plants where two or more engines arc fed 
from the same producer a small gasholder with 
automatic regulation is used. 

The producer consists of an iron shell lined 
with firebrick and provided with a suitable 
hopper. The grate area, according to the quality 
of fuel, is 0*8 to 1 sq. ft. for every 10 horse- 
j)ower. The scrubber consists also of a sheet -iron 
shell, and is tilled preferably with broken coke. 
Before starting the engine the fuel in the producer 
is heated up by means of a blower until the gas is 
burning well at the test-cock. When this point 
is renciied the blower is stopped, and the engine 
started in the usual way. The engine then draws 
by its own sucking action the necessary amount of 
air and steam through the fuel, and is producing 
its own power-gas. From the producer the gas 
is drawn through the scrubber and the equalising 
tank to the engine. The gas-making process 
continues so long as the engine is moving, and 
stops when the engine st ops. Anthracite, charcoal, 
or coke can be used in suction gas-producers. 

Mond Gas. Br. Ludwig Mond, in studying 
the question of obtaining a cheaj) fuel gas, has 
evolved a method in which slack coal is used, and 
the ammonia produced by the combustion i.s 
recovered. The gas is 
really a producer-gas, 
but is, on account of the 
novel method of pro- 
duction, generally dis- 
tinguished as Mond gas. 

The gas i.s being pro- 
duced on an enormous 
scale, and is distributed 
by mean.s of jiipes in a 
large district in Lanca- 
shire. The following is a 
brief description of the 
plant used, which will bo 
made clearer by referring 
to the illustration [lOJ. 

"I’lie producer is ])rovided 
w ith a water-seal, and is 
constructed so as to 
allow the ash, which is 
the only residue, to 
descend into the water, from which it is easily 
removed without interfering in any way w'ith the 
working of the i)roducer. The process of combustion 
is carried out at a comparatively low temperature, 
with the twofold object of preventing the forma- 
tion of clinkers in the producer and of providing 
against the destruction of ammonia. This i.s 
accomplished by introducing into the producer 
a blast of hot air and steam. The quantity of 
steam required when it is desired to recover 
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the ammonia from the gas is equal to tons per 
ton of fuel gasified, but of this about 1 ton 
is automatically recovered and used over and 
over again. After leaving the producer the gas 
is passed through a regenerator arranged so that 
part of the heat or gas and steam entering it is 
transferred to the blast of air and steam on its 
way from the air-heating tower to the producer, the 
gas being consequently cooled to a corresponding 
temperature. The gas then jiasses to a mechanical 
W’asher, which further ’ reduces the temperature 
and removes all soot and dust. The next stop is 
the recovery of the ammonia, and the gas is for 
this purpose passed through an acid tower, where 
the ammonia is completely absorbed by a dilute 
solution of sulphuric acid. The solution circulates 
through the acid tow'er again and again until it 
contains from .*10 per cent, to 38 per cent, of 
sulphate of ammonia. Continuity of the process 
is provided by adding from time to time fresh 
suj>])lies of sulphuric acid and withdrawing corres- 
ponding quantities of sulphate liquor. The latter 
is evaporated, yielding at once a solid sulphate 
of ammonia of good saleable quality. After the gas 
has been washed of its ammonia products, it 
passes through a final cooling and cleaning water- 
tower, and is then ready for use. As the gas is cooled 
in this final tower the steun with which it was 
saturated is conden'-ed, and the cleaning water which 
enters the tower cold is deliverod hot ; and this, after 
pa.ssing through tar-separators, is again pumped 
to the air-heating tower to heat the air required 
for the producer blast. The final cost* of 140,000 
cubic ft. to 1(50,000 cubic ft. of gas from a ton of 
fuel is put at 4s. lid. About 90 lb. of sulphate of 
ammonia is obtained from each ton of coal. 

Coke*oven Gas. Li the manufacture of coal 
gas, as W'c have seen, the gas is the main product, 
and the coke, although used for several other 
purposes, is the by-yiroduct. The iron smelter 
requires a coke that is comj)act, heavy and even, 
and to produce such a coke special furnaces are 
used, know'll as coke-ovens. Here the coke is the 
main product, and the gas given off is the by- 
ynoduct. The gas is, as a rule, comyiletely neglected 
and lost because there are many iron makers 
who believe that the recovery of the products 
of the coke-oven is not consistent with the 
manufacture of the kind of coke which is most 
suitable for the blast fur- 
nace. Assomc 13,000,(KK) 
tons of coal is coked in 
the United Kingdom in 
beehive ovens for the 
manufacture of yiig iron, 
it will be apparent that 
the loss is tremendous. 
Many recovery or by-jiro- 
duct coke-ovens have been 
invented, the principle 
being that the gas is drawn 
away from the ovens and 
means employed to re- 
move the tar and ammo- 
nia. The resulting gas can be used for heating the 
coke-ovens or for other industrial purposes, such as 
in gas-engines. In large installations of by- jiroduct 
coke-ovens two kinds of gas are separately collected; 
the richer gas coming off during the first part of the 
process can be used as an illuminant, the second 
portion of the coking yielding fuel gas. The other 
by-products, tar and ammonia, are recovered by 
similar methods to those used in purifying coal gas, 
and described a little further back. 
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Blaat«furnace Gas. blast furnace 

used for smelting iron ore generates a large 
quantity of inflammable gas known as waste gas. 
The last name expresses the universal practice of 
iron makers up to a few years back, when efforts 
were directed to utilising this wasted form of fuel. 
The gas, owing to the velocity with which it 
asses from the furnace, is laden with dust ; 
lit this is neglected when the gas is employed 
for heating the blast, or as fuel under boilers. 
When required for use in gas-engines, the gas 
must be cleaned, or it soon blocks up the valves 
of the explosion chamber. Properly cleaned fur- 
nace gas is an ideal gas for gas-engines, as, when 
mixed with air and compressed, it is found to be 
a slow but very reliable explosive. A portion of 
the gas is used for driving the gas-engine which 
produces the blast, but much surplus gas remains 
for other economic purposes. 

Composition of Gas. The following 
typical analyses of illuminating and fuel gas are 
interesting as showing the relative composition. 
The figures (percentages) were given by Mr. 
Willard L. Case in a communication to the New 
York section of the Society of Chemical Industry 
in 1905 : 


from moisture — large quantities in strong iron 
drums, and small quantities in hermetically sealed 
tins. This property also accounts for the fact that 
the storage of calcium carbide is regulated by the 
Petroleum Act, except when quantities of 28 lb. 
in 1 lb. packages are stored. 

Properties of Acetylene. The light 
yielded by acetylene more nearly approaches sun- 
light in light rays, but it has more blue or violet rays 
(chemical rays). The illuminating power of acety- 
lene as compared with coal-gas varies with the type 
of burner employed. In a suitable burner, 6 cubic 
ft, of acetylene per hour will give 240- candle 
power, while the same quantity of coal-gas gives 
16-candle power. Acetylene is, however, generally 
burnt in small burners using from J cubic ft. to 
1 cubic ft. per hour, when the illuminating power is 
from six to ten times as great as that of coal-gas. 
There is less heat developed by combustion of 
acetylene for given yield of light than most other 
ilium inants. The distinctive smell of commercial 
acetylene makes it easy to detect leaks. The limits 
of explosibility of acetylene mixed with air are 
3T per cent, to 24T per cent., which is a slightly wider 
range than other combustible gases of commerce. 
The effects of an explosion would probably be no 



COMPOSITION 

OF ILLUMINATING AND FUEL GASES. 









J*roduc«r-giui from 








Cailm- 




Coke- 

Blast- 

___ 

Natural 

(-'oil- 

(Ml- 

Water- 

retU'd 




oi’eii 

fUMia-e 


ga". 

; ga**- 

ga.<<. 

gRR. 

water- 

gas. 

Authm- 

cite. 

Bituinln- 

OUH l-tMll. 

Cokp. 

gfts*. 

gus. 

HydroRen 

3 0 

j 46-0 

32 0 

480 

40 0 

20 0 

10*0 

10*0 

50*0 

1*0 

Methane 

920 

1 400 

48*0 

2 0 

25-0 

— 

30 

— 

36*6 

1 — 

hlhylene 

30 

, 5 0 

1 10-5 

— 

8 5 

— 

0 ' 5 

— 

4*0 

— . 

(■arbon monoxide . . 

— 

1 flO 

1 — 

38- 0 

10 0 

25 • 0 

23 0 

290 

6*0 

27*5 

Carbon dioxide . . i 

— 

' 0-5 

— 

! 00 

30 

5-0 

5-0 

4*5 

1*5 

11*5 

h’ itrogen . . 

20 

' 20 

30 

1 5-5 

40 

40*5 

58*0 

56*0 

2*0 

60 0 

Oxygen 


0 • 5 

05 

0*5 

0'5 

0*5 

1 

0-5 

0*5 

0*5 

— 


Acetylene. At the beginning of the con- 
sideration of illuminating gas, acetylene was men- 
tioned as both a combustible and luminous gas 

E resent in small quantities in coal-gas. Acetylene 
as, within recent years, been prepared for use by 
itself as an illuminant, this having been rendered 
possible by the discovery of a cheap method of 
producing it. 

Action of Water on Carbides. When 
water is brought into contact with calcium carbide, 
acetylene is produced in accordance with the 
following chemical reaction : 

CaC,-f 2H,0 - Ca(OH), + C,H, 
calcium carbide - water — calcium hydrate -f 
acetylene. The production of the gas is so easily and 
simply effected that it is no wonder that the use of 
acetylene soon became popular in places where 
coal-gas or corburetted water-gas were unattainable. 
Besides calcium carbide there are other carbides 
prepared in the electric furnace, but none of them 
have assumed the importance of calcium carbide. 
Lithium carbide, barium carbide, strontium carbide, 
potassium carbide, and sodium carbide, all give off 
acetylene when brought into contact with water, but 
aluminium carbide gives off methane and manganese 
carbide, a mixture of methane and hydrogen. 
Attempts have been made to take advantage of the 
last-named carbide by mixing manganese dioxide 
with the ingredients for making calcium carbide, 
but, so far, the production of mixed carbides has not 
been successful. 

Storage. On account of this action of water 
on calcium carbide it is necessary that it be stored 


greater than with ordinary gas. Compressed acety- 
lene is dangerous, and its manufacture, importation, 
o * storage at greater pressure than 100 in. of water 
is illegal in the United Kingdom. Acetylene is, 
however, allowed to be compressed along with oil- 
gas, ns the mixture has been demonstrated to be 
safe. The exemption extends also to acetylene 
compressed into porous material, both with or 
without acetone. The last-named liquid has the 
power of absorbing 250 volumes of acetylene at a 
pressure of 10 atmospheres, the liquid being known 
as dissolved acetyhinc. 

Impurities in Acetylene. It is the 

impurities in acetylene which give the gas its 
unpleasant smell, hence every care needs to be 
exercised to use only pure ingredients in making 
calcium carbide. Phosphorus compounds in the 
lime used become calcium phosphide, which, when 
moistened with water, yields phosphine ; this gives 
not only an unpleasant odour but also a white haze 
of ammonium phosphate in the air when burnt in 
a closed room. The highest proportion of phosphine 
ever met with has been 2*3 per cent. Sulphur 
compounds are seldom present, but sulphuretted 
hydrogen may be detected in cases where the gas 
has b^n improperly generated or where aluminium 
sulphide is present in the carbide. Crude acetylene 
always contains ammonia, which arises from the 
aluminium or calcium nitrite in the carbide. It is 
an objectionable impurity, as it corrodes the brass 
fittings, and, producing pyrol at the burners, stops 
them up. Traces of hydrogen silicide, oxygen, 
nitrogen (or air), hydrogen, carbon monoxide, and 







OA8 


methane, have also been found in varying small 
amounte. 

Purification of Acetylene, 'i’he sub- 
stances which have been proposed as chemical 
purifiers for acetylene are (1) ordinary ferric hydrox- 
ide, as used for coal-gas ; (2) heratol, a solution 
of chromic acid in acetic or sulphuric acid absorbed 
in kieselguhr ; (3) acagine, a mixture of bleaching 
powder, with 15 per cent, of lead chromate ; (4) 
l)uratylcne, a mixture of bleaching powder with 
calcium chloride and calcium hydroxide ; and 
(5) frankoline, a solution of cojiper and iron 
chloride absorbed by kieselgulir. These mat^^rials 
have been subjected to an examination and tested 
for efficiency by Keppeler, and were, us a result, 
)>laced in the following order : Ferric acid is j»racti- 
cally useless, but one kilo of the other four materials 
purifies the following quantities (in litres) of acety- 
lene ; heratol, 5,000 ; frankoline, 9,000 ; puraty- 
lene, 10,000 ; acagine, 13,000. In practice, these 
numbers may be increased from 1() per cent, to 
20 per cent. 

Types of Generators. There have been 
iq) to the present time some hundreds of different 
apparatus [11 J constructed for the jmrpose of 

generating 
acetylene from 
calcium carbide. 
These have been 
classified by 
Professor V. R. 
Lewes into the 
following three 

11 TYPES OF ACETYLENE classes, into one 
(GENERATORS or other of 

which all (he 

generators at j)resent on the market fall. 

1. Those in which water is by various devices 
allowed to drip or flow in a thin stream on to a mass 
of carbide, the evolution of the gas being regulated 
by the stopping of the water-feed. 

2. Those in which water in volume is allowed to 
rise in contact with the (;arbidc, the evolution of the 
gas being regulated by the water being driven back 

the carbide by the increase of pressure in the 
generating chamber. 

3. Those in which the carbide is dropped or 
plunged into an excess of water. 

These tyjK^s are again subdivided into (a) 
automatic and (b) iwri-automatic. 

By automatic generators are meant those which 
have a storage ca]>acity for gas less than the total 
volume which the charge of carbide is cajmble of 
generating, and which depend upon some special 
contrivance for stopping contact between the water 
and carbide. Non-automatic generators are those 
in which a holder of sufficient capacity is provided 
to receive the whole of the gas imuie from the largest 
charge of carbide which the apparatus is capable 
of taking. 

Choosinf: a Generator. The factors to 
consider in choosing a generator are lho.se which 
guided the Departmental Committee ap|X)inted to 
advise the Explosives Inspectors in 1900. The 
Committee consider that in selecting an acetylene 
generator regard should be had to the following 
desiderata: (1) simplicity of action and design ; (2) 
strength of construction ; (3) high efficiency, as 
indicated by the yield of gas per lb. of carbide ; 
(4) low pressure in generator ; and (5) facility of 
removal of the residue. 

Acetylene Burners. One of the chief 
difficultie.s in the burning of acetylene is the quantity 
of smoko which is protiuced, which causes endless 
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trouble by growths of carbon which form at the tips 
of the burners. Burners using 0*76 cubic ft. to 1 cubic 
ft. of acetylene per hour are the largest that can be 
used without unpleasant effects. The acetylene is 
mixed with air at the burner in the most 8ucce.ssful 
type, an air intake being arranged at the tix) of the 
burner. 

The Nap- 
hey is a 
popular 
kind. Ill 
this, two 
small jets of 

acetylene |2. TYPES OF AtJETYLENE BURNERS 
meet to 

form a flat flame, with very little tendency to 
produce smoke or become choked. Other types 
are shown in 12. 

Installation Hints. As there are many 
])oints of difference between the fittings used for 
coal-gas and acetylene, the rocpiirements are briefly 
indicated separately. The generator and holder 
should be in a v'cll-ventilated place outside the 
house, the place being capable of laung warmed with 
hot- water ])ipes in case of severe weather. The 
holder should be of such a size as to contain sufficient 
gas to last the whole evening or the longest period tlu^ 
burners will be alight. As regards the size of the 
]>i|je8 used for supjdying a(!ctylene, it must bo 
remembered that a given size pipf^ will supi)ly three 
times as many burners with acetylene as w'ith coal- 
g;is. For fift=‘en burners ^ in. pij)e is used ; for sixty 
burners, .} in. Iron barrel piping should be used, 
and joints .screwed together without j)aint or pack- 
ing. Taps reejuire to be of best quality brass, as 
cheaj) fittings are soon corroded; In starting an 
installation, care must be taken that all the air is 
out of the pijres. It is best to take sanjples of gas 
from each burner in a test tul>e, and test with a 
match before applying a light to the burner for the 
first time. The pressure at which the gas is supplied 
should not be more than 2J in. 

Yield and Cost of Acetylene. One 
]>ound of calcium carbide will yield 5 cubic ft. of 
acetylene; in practice it is usual to reckon the 
quantity as 4 cubic ft. Acetylene is reckoned to 
co.st £2 i>er 1,(XK) cubic ft. in the holder, and if it is 
distributed on a commercial scale, the cost of 
distribution will double this. Coal-gas costs Is. 2d. 
]K*r. 1,000 cubic ft. in the holder, this being doubled 
by the ex]>ense of distribution and profit. It will 
thus be seen that acetylene cannot displace coal-gas 
where the latter is obtainable. 

Acetylene Lamps. Many kinds of ])ortable 
acetylene lamps have been devised, but the groat 
difficulty in the case of table lamps has been to 
ensure freedom from smell. It will he obvious that 
similar conditions and princijffes apyffy in construct- 
ing table lamps as are indicated in the case of 
generators. It is usual to arrange a filter of silicate 
wool before the acet^^lene is passed into the burner, 
.so as to guard against mechanical impurities being 
taken into the flame. Acetylene cycle lamps are 
much in use on account of the brilliant illumination 
obtained. Such lamps are more exj)en8ive to 
maintain than oil lamps, and the greater light 
obtained is not always a recommendation. Acety- 
lene motor lami)8 are a development of the cycle 
lamps. 

Gas Meters. To measure the quantity of gas 
(i.s<>d by a consumer, gas is passed through a 
meter which mechanically records the volume 
of the gas. The meter is fixed within 2 ft. 6 in. 
of the main cock. The gas is measured in cubic 






feet, for which, curiously enough, no standard 
existed till the passing of the Sale of Gas Act 1850. 
This Act fixed the standard cubic foot as the space 
occupied by 62*321 lb. avoirdupois of distilled 
water, weighed in air at 62° F., and at normal 
atmospheric pressure. Meters are tested for accuracy 
by passing through them a measured volume of 
gas from a small gasholder. The following arc the 
capacities of a few ordinary size meters : 

Blxe of 



inlet niid 
ontlet 
pipe. 

In. 1 

c. ft. j 

e. ft. 

10 light 

1 


60 

20 

u 


120 

ao 

14 


180 

.51 



300 

100 


5 

000 

2r»() 


121 

1,500 

1,000 


50 

6,000 


W cl Meters* There are two types of meters 
in use, the wet meter and the dry meter. The former 
is constructed on the model of the station meter, 
and consists of three essential parts : (1) a hollow 
drum or wheel rotating in water ; through this drum 
the gas passes, and as the drum rotates it actuates 
the dial index, recording automatically the gas 
passed ; (2) a compensating arrangement for keep- 
ing the chamber in which the drum revolves at a 
constant level ; and (3) the index, which shows the 
amount of gas passed. The measuring wheel is of 
inflexible material, but the water in the meter is 
liable to freeze in cold weather. For this reason 
the meter requires to be protected from changes 
of temperature, and as an additional precaution, 
glycerine is added to the water to lower the freezing- 
point. Salt, magnesium chloride and calcium 
chloride are sometimes used in place of glycerine, 
but corrosion of the interior of the meter often 
results. 

Dry Meters* This type of meter works on the 
l>rinciplo of an ordinary bellows. Gas enters and 
leaves compartments having flexible leather sides, 
alternately through valves which open and shut 
at the proper moment. One of the best-known 
makers of dry meters thus describes his make 
of dry meter : 

It consists of a cylinder divided by a plat-e in the centre, 
into two separate cylindrical compartments, which are 
closed at the opposite ends by metal discs ; these metal 
discs serve the purpose of pistons, and they are kept in their 
places by a kind of universal joint adapted to each ; the 
space through which the discs move, and, consequently, 
the means of measurement, is govenied by metal arms and 
rods, which space, wheji once adjusted, cannot vary. 
To avoid the friction attending a piston working in a 
cylinder, a band of leather is attached, which acts as a hinge, 
and folds with the motion of the disc ; this band is not 
instrumental in the measuring, so that, if it were to expand 
or contract, the registering of the meter would not be 
affected, inasmuch as it would only decrease or increase 
the capacity of the hinge, the disc being still at liberty 
t-o move through the re«iuired space ; the leather is also 
distributed in such a manner, being curved, and bending 
only in one direction, that it prevents any creases or wrinkles 
forming, and renders it therefore much more durable. The 
arrangemeut of the valves and arms are somewhat different 
to that of the steam engine, although somewhat similar 
in principle. 

Most dry meters are composed of two chambers ; 
but there may be three or more, without difference 
of principle. The chambers fill and discharge 
alternately or in succession, and the action of the 
valves is accurately registered in the mechanism 
that regulates the dials of the index. A common 
error is the supposition that the leather enclosing the 
spaoe between the discs actuates the gas ; but the 
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whole of the work is performed by the latter, which 
are really pistons receding to let the gas fill the 
chamber and advancing to drive it out. Though 
delicately adjusted, the mechanical action is really 
very simple. 

How to Read the Meter* There is no 
mystery about the dial of a gas meter. It is perhaps 
because some people have never considered the sub- 
ject that they think it difficult to read a gas meter. 
It is as simple as telling the time by a clock. There 
are three or more dials in the little compartment 
at the top of the meter. One of these indicates, 
perhaps, 2 cubic ft., an arrow usually being placed 
to indicate the dirocitioii of the hands. When a large 
quantity of gas is being burnt the little hand in the 
unit dial is kept busy, and the consumer can get a 
good idea of the cost per hour of, say, a cooking 
stove. The other dials register hundreds^ thousands, 
ten thousands, and million cubic feet, the hands 
moving on the dial just as on the smaller dial, but 
naturally much slower. At a given date — say, the 
beginning of a month — the quantity is noted, and 
at the end of the month the index is again 
rend off, the difference between the tw*o amounts 
being the quantity consumed during the month. 
In the case of illuminating devices used at public 
rejoicings, the gas is generally taken direct from the 
main and a charge made of so much i^er jot jjcr hour, 
with a minimum charge of SOs. 

Prepayment Meters. These meters, which 
arc actuated by a coin, are also known ns slot meters. 
They were invented in 1887, and arc of various 
kinds — Brownhill’s, Price’s, Cutler’s, Braddock’s, 
Cowan’s, Glover’s, and Parkinson’s — adapted for 
taking either j^ennies, sixpences, shillings, florins 
or half-crowns. The slot meter is extremely popular 
with people of moderate means, who cun thus use 
a cheap illuminant without running into debt. 

Slot-meter Mechanism. At the front of 
the meter is the slot. Within is a delicate balancing 
arrangement which works on the valve of the meter. 
This balance is connected with the index, and as 
soon as the drum cylinder has revolved t he allotted 
number of times, the balance is disturbed, and the 
coin drops down, and the supply ceases. As meters 
are jnode to give out quantities of gas for a six- 
|jence, a shilling, a florin, or half a crown, it is easy 
to see that the weight of the coin, except as a 
means of starting the action, has nothing to do 
with measuring the gas. 

Gas-fitting* From the meter, pipes convey the 
gas to the various parts of the house. The supply 
pipes are best of wrought iron, but comiX)sition 
pipes are much used. The latter are more liable to 
damage, and many cases of leakage have been caused 
by nails having been driven into the softer piping. 
The liability to compression and consequent con- 
striction in the supply of gas is another fault often 
found with composition pipes. Cheap piping is to be 
avoided, as soundness is a very necessary quality 
in gaspipos. All lines of piping should be laid 
w'ith a gradient, so that condensed moisture can 
drip or <&ain back into the risers. Drip pipes should 
be provided where necessary. Piping should be 
exposed as much as possible to facilitate future 
examination, and where the pipes are laid beneath 
floors, the boards should be screwed and not nailed 
down. In searching for leaks in pipes, a light 
should not be used, but the suspected parts 
painted with a strong soap solution; bubbles will 
show themselves if the least trace of gas is 
escaping. The work of the gasfitter has been 
describe on pages 5797 to 5709. 


Gas concluded 
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By H. H. 

VjT/HKTHKR a garden l>e largo or small, its 
^ economical management dei)end8 so much on 
soil, situation, and other circumstances, that no 
hard and fast rule can be laid down to apply equally 
in all cases. Particularly does this apply to suburban 
gardens. There arc some, notably in the western 
suburbs of London, attached to houses built on the 
site of market gardens, the. soil in which is naturally 
good, and where but little in the way of manure is 
needed every year. 

The Cost and Economy of the Small 
Garden. The initial cost of forming such a small 
garden, too, depends greatly on the condition in 
which the builder of the house has left it, or, if the 
house is not a new one, on the horticultural tastes of 
the previous tenant. Assuming that the ground is 
not in a very rough state, the following figures will 
serve as a guide to the initial outlay necessarj' : 


Jobbing gardener, two days weeding, digging, 

£ 

g. 

d. 

and preparing ground at 5g. per day . . 

0 

10 

0 

Spade, rake, etc. 

0 

8 

0 

T.iawn mow(*r . . . . 

0 

14 

G 

Loam, leaf mould, potting soil, for improving 

0 

12 

G 

Manure 

u 

G 

0 

, Small collection of vegetable seeds 

0 

2 

G 

Small collection of bulbs . 

Small collection of hardy annuals and peren 

0 

5 

0 

niab 

0 

.*» 

0 

Fruit and rose trees and shrubs (say) . . 

1 

0 

0 


£4 

a 

G 


Thi.s figure docs not, of course, represent the 
annual exi»en.sc, which may, in subsequent years, be 
limited to practically the 128. Od. comprising the 
seed and bulb items, as fruit and rose-trees rarely 
rccjuire renewing. The item for manure, too, is one 
which need not recur often. In fact, in many cases, 
a tradesman who sup [dies the household with goods 
will l>e only too glad to give a load or so of horse 
manure, if asked for it. 

A grt»enhouse, with its accompanying heating 
apparatus, and a frame constitute a serious item. 
An efficient greenhouse for a small garden would lx? 
one ( 8 a 3 % ft. by 0 ft.) costing about £4, and the 
ntxjessary lieuting apparatus another £.3. A handy- 
sized frame, 8 ft. bv’^ ti ft., costs £2 15s. The prices 
given are those for the simyilest form of house and 
frame, and may be taken as being the lowest at 
which an effective greenhouse can be established. 

Economy in Vegetables and Fruit. 

The most economical thing that can be grown in 
any small garden is undoubtedly the scarlet-runner 
l>ean. A shillingsworth of these, sown at intervals 
of a fortnight tluonghout the spring, will yield suffi- 
cient for the needs of a small family throughout the 
summer, and on into the autumn — that is, assuming 
that they take their turn with other vegetables. 
It is waste of time to try and grow such vegetables 
as cauliflowers and cabbages in a town garden. 
Radishes, lettuce, and mustard-and-cress are most 
economical vegetables for town garden culture, 
and, at a rough computation, a shillingsworth of 
crop may be expected for every pennyworth of seed 
sown, provided ordinary care is used in thinning out 
and other details. 
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Pears thrive in town gardens much more readily 
than ap])]es. while crox>s of cherries and plums are 
nsnallj^ spoiled by the attacks of birds. Of the bush 
fruits, the gooseberry is most likely to yield a 
profitable crop under such conditions. Strawberries 
are not to be thought of except as a hobby, ns they 
take np a largo amount of ground for a yield which is 
small in comparison. The ground they would occupy 
is best covered with small saladings. 

Kconomjr in the tlower garden is to be effected 
by its help in furnishing flowers for indoor decora- 
tion, and for ‘‘ buttonhole ” jnirposes. In planting 
a small garden for economy, it is not at all ne{^ossa^y 
to juit the things in formal rows, as if fdanting 
for market piiiq)oses. Those flowers which 3 ’icld 
large snp])lies of bloom for cutting jmryiosos shoirid 
be interspersed with such things as geraniums, 
calceolaria, lobelia, and the like, which, though 
not so adapted for filling vases, lend briglit colour 
to the garden generally : henee, when occasion 
ari.ses to eut the flowers in the garden witli a free 
hand, the presence of the things just mentioned will 
conceal the bareness which their absence would 
onl}’ serv'C to accentuate. 

Economical Management of a Large 
Garden. The economical management of a garden 
depends almost entirely on the selection of a head 
gardener, and in this connection it often Iiapy>ens that 
the best horticulturist is not the man most suited 
to control a staff economically, and get the maxi- 
mum amount of produce out of the ground at the 
minimum expenditure of money. 

A young garilener who ho])eK to rise as high as 
j»ossible in his profession should be (careful not to 
lose sight of the commercial side of it. The days 
when an owner of a country seat simply gave orders 
for a garden beautiful, without counting the cost, 
are over. Certainly, owners of gardens take much 
more i^ersonal interest in them than hitherto, but 
the commercial spirit of the ago has entered into 
gardening as dei*ply as into many another hobby, 
and, although it seems sordid to say so, the head 
gardener who can make the biggest show of bloom 
at the chea]K*st rate is the man who will get on. 

klconomy in labour is one of the most important 
items in the management of a largo garden, and 
here the individual who calls himself a “ head 
working ” gardener will l)e out of place. In an 
establishment of any pretentions, where the number 
of hands employed in the gardens may be anything 
from twelve to forty, it is a false economy on the part 
of the head, as a rule, to do any of the manual work 
himself. It must not be forgotten that, in the 
majority of gardens, a large section of the staff will 
be composed of boys and young men, with little or no 
sense of life’s responsibilities, and that the tempta- 
tion to idle away their time when no watchful eye 
is upon them is one too great to be resisted. Instead 
of actually doing things himself, therefore, the head 
gardener should spend a large portion of his time in 
seeing that others do them as he would wish. It is 
a false economy to employ young and comparatively 
inexperienced men as foremen. Next to the head 
himself the well-doing of the garden is in the hands of 
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those men, and, though it may look well on paper to 
show a few pounds saving at the end of a year in this 
rt of the wages list by employing low-priced 
nds, it is of very little use when there is a much 
bigger item on the other side of the balance-sheet for 
plants and other things which have been fex)oiled by 
careless handling. 

Seed-saving. An important item in the 
management of alarge garden is that of seed-saving. 
Seed of all flowers and vegetables that do well in a 
garden should be saved every year, and be stored 
away for sowing the following ^season. Careful 
attention to this branch af the garden work will 
effect a saving of many pounds on the annual seed 
bill, and the work of picking them over in order to 
separate the good from the bad is an operation 
which may readily be carried out during the winter 
days when there is not so much to be done out 
of doors, or at any time when inclement weather 
causes a cessation of operations outside. It is not 
economy to be constantly introducing novelties into 
a garden. Changes must, of course, be made from 
year to year, but thousands of pounds are wasted 
annually in this country in the purchase of seeds, 
plants, and bulbs which are boomed as being 
something now. 

It is not too much to say that an economy of 
25 per cent, can be effected in the cost of fuel for 
the hothouses where care is used. Sufficient fuel 
must, of course, be used to maintain the houses at 
an adequate temperature, and anything more than 
that is not only w<iste as far as the consumption of 
fuel is concerned, but is not in any way conducive 
to the welfare of the inhabitants of the greenhouses. 
It should not be forgotten that coal-dust, damped 
with a little water, and banked up in the boilers 
overnight, will preserve an equable temperature in a 
house till morning, without further attention. This 
is a far more economical plan than the general one of 
stoking up overnight with a mixture of coal and 
coke, which invariably has the effect of raising the 
house many degrees above its proper temperature 
during the early hours of the night, and letting it 
down dangerously by the time the darkest and 
coldest hour of nil arrives — the one ])roccding dawn. 

A watchful eye must be kept on what is errone- 
ously called the rubbish heap. It is a common 
practice to throw away bulbs that have been forced, 
])lant8 which have been pulled up in the process of 
thinning out beds, and other such things. All 
forced bulbs may be used again in a spot in the 
reserve garden to furnish a supply of bloom for 
cutting, and if there is no room for surplus bedding 
plants, or thinned-out vegetables, they may readily 
be exchanged or got rid of in other ways. 

How to Label. Proper labelling of plants 
is a far more important factor in the economical 
management of a garden than is generally 
imagined. Except in the case of plants which 
are so generally grown that they cannot fail to 
be recognised by the merest tyro, it is well to have 
dVrery thing labelled inconspicuously, but at the 
same time clearly. This is particularly important 
in gardens where collections of the different species 
of a genus are mode, as, although many of them 
are very similar in appearance, they require differ- 
ent treatment from each other. In the event of a 
mistake, therefore, it is easy to see that a lot of 
valuable plants may be lost through not being 
labelled at all, or labelled indistinctly. It may 
be well to state here that the writing on a lal>el should 
always be commenced at the top end — that is to 
say, at the part of the label furthest from, tho point 
which sticks into the ground. The reason for 
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this is that if the rain^-and decay tend to make the 
label illegible, the upper part of it is, in the ordinary 
course of events, sure to bo clearer than that which 
is close to tho ground. If this upper part, therefore, 
bears the first part of the name of a plant, it is usually 
easy to guess at the remainder ; but if tho writing 
of the label has been started at the lower part, in aU 
probability tho last few letters of it only will be 
legible, and confusion easily follows. 

The Need for Tidiness. It need perhaps 
hardly be said that tidiness and economy go hand 
in hand in gardening. All such operations as 
weeding, rolling, mowing, the clipping of hedges, 
and the hundred and one operations which go to 
make the garden neat and pleasing to the eye, 
should bo attended to promptly and frequently. 
It is easy for a lad to remove young weeds, for 
example, in a very short time when they first make 
their appearance, but if they are allow^ to remain 
undisturbed for a few days, it is astonishing with 
what rapidity they will grow, and with what corre- 
sponding difficulty and expenditure of labour their 
removal will be attended. That well-known business 
maxim, “Do it now,” cannot be too rigidly observed 
in connection with the gardening operations just 
alluded to if a true economy of time and labour is to 
be effected. On the other hand, it is well not to bo 
too precipitate with the autumn and winter planting 
operations, and the carrying out of such schemes 
as summer bedding. The vagaries of tho weather 
have to be considered here, and too much promptness 
in the work may allow a nip of frost to destroj'^ 
everything, and hence, instead of an economy being 
effected, a further expense for new iflants is incurred. 

How to Become a Gardener. Although 
tho oldest profession on earth, gardening is one 
which is most jX)orly paid, and the lad who is 
setting out with the determination to make a fortune 
should think very deeply before he decides to em- 
brace horticulture as the means to that end. This 
remark applies more particularly to private gardens. 
There are plenty of instances on record of nursery- 
men who have accumulated large fortunes, and, 
although the market gardener is always pleading 
poverty, one very rarely sees members of his pro- 
fession included in the official list of Receiving 
Orders in Bankruptcy ; but in both these businesses 
there is, of course, a large element of risk. To 
qualify as a gardener it is necessary to start young. 
The orthodox way is to secure a berth in some large 
local private garden or nursery as a boy, at a 
w'age which rarely exceeds 6s. per week. If a 
lad shows any aptitude the head gardener will 
be only too glad to push him on, and, in a couple of 
years time or so, his money will be raised to 
78. or Ps. a week, in addition to living ac- 
comodation in the “ bothy.” This “ bothy ” 
ib usually a small cottage in which the young 
unmarried gardeners in a private establishment 
live together, and take it in turns to act the part of 
housekeej)er. If the “ improver,” as the embryo 
gardener is called at this stage, lives at home 
instead of in the “.bothy,” he is usually paid a 
sliilling or two more per week. As he grows older 
and gains more experience ho develops into a “ jour- 
neyman.” There is no doubt that at this time he 
gains the bulk of his ex}ierience, and if he wishes to 
learn his profession thoroughly he will do well to 
change his situation occasionally, and become 
acquainted with gardens in various parts of the 
country. 

It must be distinctly understood here that the 
writer does not wish to advise lads and young men to 
throw up good situations, and go wandering about the 
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face of the land in and out <5f work every few weeks. 
If a gardener is in a situation which seems likely to 
be a permanent one, and the prospects of promotion 
are good, he will, of course, stay there if he is sen- 
sible. At the same time, experience gained in only 
one garden cannot bo so varied or valuable as that 
obtained in two or three, where soil, aspect, climate, 
and dozens of other conditions vary. 

Getting to the Top. By the time he is 
four or five and twenty years of age, the 
“ journeyman ” usually considers he has sufficient 
experience to dub himself a “ foreman,'* and in 
this capacity he has charge of one part of the 
garden, under the immediate supervision of the 
head gardener. The num ber of foremen employed in 
a garden varies, but in a place of any pretensions 
there is usually one for the kitchen garden, one for 
the flower garden, and a third for the glasshouses 
and conservatories. His wages are now about 
£1 |>er week, and hfs share in the bothy;” or 
24s. a week, roughly, if he lives outside. The 
final step from foreman to head gardener usually 
happens automatically, when the horticulturist 
is lured into matrimony. He finds that a foreman's 
wage is not sufficient to support two, and therefore 
he endeavours to better himself by applying for a 
situation as head gardener. When he has succeeded 
in obtaining this he has risen as high as he can 
ever hope to do in his profession. His emoluments 
now consist of a salary of 308. a week, with 
a cottage to live in rent free, and the privilege 
of having sufficient of his employer's coal, fruit, and 
vegetables, for the consumption of himself and 
family. There are very few gardeners indeed in 
the l)nited Kingdom who, though they may have 
charge of places in which thirty or forty men and 
boya are at work, receive a higher wage than that 
just mentioned, an income which, in cash and kind, 
rarely exceeds £150 a year. 

Growing for Exhibition. Growing for 
exhibition at flower-shows is another of the 
gardener’s methods of increasing his income, 
if his employer does not object. There is hardly 
a village in the United Kingdom that does not hold 
its annual flower-show, and many gardeners exhibit 
at every show within a reasonable radius. The prizes 
are not large, certainly, ranging as they do from a 
shilling to a sovereign, but they amount to a con- 
siderable aggregate with a consistent exhibitor. The 
majority of employers are very willing for their 
gardeners to compete at these flower-shows, and 
willingly buy exhibition varieties of different plants 
to facilitate their chance of winning, thinking, as 
they rightly do, that success at flower-shows is a 
jiroof of the skill of their gardener, and an 
incentive to spur him on to further efforts. At 
the same time, however, it must ' be remembered 
that too much showing is a bod thing. A head 
gardener who is constantly exhibiting is apt to 
devote too much attention to his “ show ” plants, to 
the detriment of the garden work generally ; while 
his constant absence at the shows themselves, 
brought about by the necessity of staging and 
removing his exhibits, is likely to make things 
get slack in the garden all round. Exhibiting, 
therefore, should only be done in moderation. 

How to Succeed as a Nurseryman 
and Seedsman. The difference between a 
florist and a nurseryman and a seedsman is a 
simple one. The florist is not a producer, but is 
generally merely an agent for the disposal of 
goods grown by other people. The nurseryman 
and seedsman, on the other hand, sells plants 
and seeds which are the result of his own cultivation 
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and skill. It must not be imagined, however, that 
nurserymen sell nothing but what they have 
raised themselves, as large quantities of seeds 
and bulbs are imported annually, chiefly from 
Germany, France, and Holland, to enable them to 
fill orders which they could not execute from 
stock of their own raising [see also Seedsmen, 
page 4905], 

Koughly speaking, nurserymen and seedsmen 
may be divided into three classes. At least 70 per 
cent, of them do the bulk of their trade in jrenny and 
two]>enny packets of seeds, and cheap bedding 
plants. About 20 per cent, of the remainder have a 
tjetter class of trade, an important feature of which 
is the laying out and keeping in order of suburban 
gardens by contract. The remaining 10 per cent, 
or thereabouts represent the elite of the trade, 
who, as a rule, supply only seeds of the finest 
quality, grown by themselves, and the latest 
novelties, for which they can command high prices. 

How to Start. At the present time, un- 
doubtedly the best situation for a nurseryman and 
seedsman who contemplates starting in business is 
in the outer suburbs of Ix>ndon or one of the other 
great cities. In such a situation he will be able to 
grow plants and produce seeds, free from the taint 
of city smoke, though, at the same time, they will be 
hardy enough to withstand the rigours of town life. 
A large portion of his trade will be purely local, 
although the postal department of a nurseryman's 
trade is one which ought never to be neglected. 
Naturally, the greater portion of the stock of a 
seedsman who caters for the million will have to be 
purchased by him from the wholesale houses in bulk, 
and made up and retailed in small quantities. Much 
of the success of the retailer will dc))end on the 
quality of the seed he thus dispenses. If he is 
careful to deal with wholesale firms of high standing, 
whose names are a guarantee of the goods they 
supply, our young nurseryman is, at all events, sure 
of giving satisfaction to his customers. 

A certain amount of seed of such things as 
calceolaria, x>etunia, lobelia, and other popular 
plants should be sown very early in the year in heat, 
with a twofold purj^ose in view. Some of the plants 
so raised will be required in the late days of spring 
and early summer, either for selling to chance custo- 
mers, or for the purpose of fulfilling any contracts 
to keep gardens and window- boxes in order which 
the nurseryman may have been fortunate enough to 
secure. Keeping gardens in order by contract is a 
very profitable branch of a nurseryman’s business, 
and a good trade may often be done in this direction 
by a local canvass of likely houses during the 
months of April and May. 

Mail Order Business* If this branch of his 
industry should at first not come up to his expecta- 
tions, there is another channel through which the 
nurseryman can dispose of any plants ne may have 
on hand. This is by means of aavertisements in the 
horticultural journals, bearing always in mind Ij^e 
fact that the nurseryman should draw up his adver- 
tisement with a view to disposing of what he will have 
ready for sale in a fortnight or three weeks’ time. 
Most horticultural journals go to press at least 
a week in advance, and the consequence is that 
plants, which may be ready for disposal at the 
moment of drawing up the advertisement, will be 
past their best time for transplanting when the 
announcement is made public, and orders begin to 
come in. Intelligent anticipation will do much to 
assist in this branch of the business, but if, as some- 
times happens, an unexpected storm or a late nip of 
frost injures or destroys the plants upon which 
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hopes of profit have been built, the best plan is to 
return the money for orders which cannot be 
filled from the nurseryman’s own stock. 

The Bulb Trade. The large majority of 
bulbs sold in this country every autumn are of Dutch 
origin, though within recent years it is pleasing to 
know that in the Lincolnshire Fen district, and in 
some parts of Ireland, bulb culture has met with no 
uncertain measure of success. Comparatively little 
wholesale trade is done, however, as most of the 
growers supply the public direct. In the days to 
come, however, there is but little doubt that the 
English and Irish bulbs will oust the Dutch bulbs 
from the market, especially as far as the better and 
choicer sorts are concerned. In the meantime, it 
is well to deal only with Dutch firms who will 
guarantee their bulbs as being true to name. A 
nurseryman should never hesitate about stocking 
bulbs liberally, as he has two chances of selling 
them. Those which arc not got rid of by the end 
of November, when all bulb planting should cease, 
should bo potted up and hurried on in a slight 
heat, when they will readily sell in the very early 
spring for decorative purposes, as the garden, and 
often the greenhouse, are comparatively bare of 
flowers at this time of the year unless they have 
been well looked after. 

It should not be forgotten that one of the most 
profitable branches of a nurseryman’s business 
is the “ buttonhole ” trade. To cope with this branch 
0^3 far as possible, special efforts with winter-flower- 
ing carnations and roses in pots should be made, 
ns these two flowers are in the greatest demand. 
If sufficient cannot be grown on the premises, 
without undue encroachment on valuable space, 
supplies may easily be augmented b^ French 
and Channel Islands flowers, which arrive at Covent 
Carden Market and other »eat centres of distribu- 
tion in large quantities during many months of 
the year. 

The Market Garden, The market gar- 
dener is not troubled much by winding paths and 
pretty effects. Concerning that part of his ground 
which is destined for oi)en-air culture, the great 
aim of the market gardener, after such ground has 
been dug and prepared, is to maintain a proper 
rotation of crops, esj>ecially as far as vegetables 
are concerned. To this end the same vegetable 
will be grown on the same piece of land only once 
in every fourth year, so that the different chemical 
elements in the soil may adjust themselves and 
preserve the ground from becoming impoverished, 
at the same time effecting a large saving in the bill 
for animal and artificial manures. 

There are a few points of especial importance if 
one wishes to succeed as a market gardener. It is 
well, to some extent, to specialise. A man stands 
a far better chance of success if he goes in for grow- 
ing just a few things ; say, for the sake of argument, 
grapes, tomatoes, and the choicer stone fruits on a 
large scale, than he does if he potters about with 
little patches of half a hundred different things 
which have cost him far more, in proportion, to 
bring to perfection, for which he will have a 
difficulty in finding a market. i>'alesmen do not 
care to handle small parcels of goods of which 
the carriage practically swallows up the profits. 

The Opportunities of Extra-season 
Crops. Another point which the market grower 
should watch is not to devote all his attention to 
“ main crop ” things, but pay attention to early 
and late sorts. For instance, who has not lamented 
the shortness of the strawberry season ? To the 
man in the street it is heralded by the appearance 


of choice fruits at two or three shillings for a small 
basketful. In a fortnight’s time there is such a 
glut of the berries that really excellent fruit 
may be purchased at fourpence or sixpence a 
pound, rnd then all is over, and what cannot be 
eaten hrs to be destroyed or rushed round to 
the jam factories. 

If many of these growers had devoted their 
attention to earlier and later sorts, there would 
have been a longer and steadier demand at bettor 
average prices, and less risk of the fruit spoiling 
without finding a purchaser. There is no difficulty 
about this. At the headquarters of the strawberry 
world, close to Bedford, it is quite possible to have 
strawberries any day in the year, and though an 
all-the-year-round strawberry trade is not to be 
recommended, it would be quite easy to lengthen 
jjrofitably the present season. 

Raising New Varieties. The raising of 
new sorts of fruits and vegetables can be made a 
source of profit to the market grower. Potatoes, 
for example, lose their character in the course of a 
dozen or twenty years and give way to disease, 
while tomatoes, strawberries, and many florists* 
flowers, such as roses, chrysanthemums, and 
carnations also deteriorate in quality and need to 
be replaced by good new sorts. It is a fact that a 
couple of seasons ago the now world -famed Eldorado 
|K>tato changed hands at the rate of £22,400 a ton, 
while another variety, Northern Star, Wixs for a 
brief period sold at the rate of £4,500 a ton. 

When laying out the market garden, however, 
it is not wise to reserve too large a piece for ex- 
perimental purposes. To attempt to raise an im- 
proved new potato is very much like taking a ticket 
in a lottery, there are so very few prizes and so 
many blanks. Cautious growers, who have made 
up their minds not to soar above the limitations 
of a moderate income, will carefully ignore the 
experimental ground altogether, and content them- 
selves with buying stock of any desirable novelty 
from the lucky raiser. 

The Profit and LrOss Sides of a Market 
Garden. Within the last few years many thousands 
of acres of agricultural land have been diverted 
from the purposes for which they have hitherto been 
employed, and used for raising crops of fruit and 
vegetables for market. The Board of Trade returns 
show that this acreage is increasing every year, a 
fact which goes some way to show that the occupa- 
tion is a profitable one, an assumption which is 
further borne out by the curious reticence of pro- 
fessional market gardeners at all times to give any 
reliable figures for publication. 

As far as his profit and loss is concerned, the 
market grower is largely at the mercy of the weather, 
and it is not only bad weather that he has to fear. 
Storms, winds, and other inclemencies, will, of 
course, retard progress and tend to produce only 
scant and imma ture crops — a source of considerable 
loss, as the expenditure for labour, manure, and 
materials is just as heavy as in the case of a generous 
yield. Too favourable weather also is not a source 
of unmixed satisfaction to the market grower. 
It means a full crop, certainly, possibly a glut, 
and when this happens the prices realised im- 
mediately fall so low that there is little or no 
profit for the grower. 

In all market gardens where there is a large amount 
of glass for growing cucumbers, tomatoes, grapes, 
and other such things, there is always danger 
during severe weather of damage due to breakage. 
A single hailstorm has been known to do £20, (KX) 
worth of damage to glasshouses alone, in addition 
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to which, tens of thousands of tender plants 
perished at the time from exposure, fevery 
market ga^ener should guard against loss from 
this source — and it is a more frequent danger 
than is customarily imagined — by insuring his glass- 
house against damage by the weather. Several 
companies will take such risks at a moderate pre- 
mium, and one in particular specialises in them. 

When starting in business, the young market 
gardener should be careful to ascertain that he is 
proi>erly rated, as, if his holding is of any size, 
such rates will form a considerable item in his profit 
and loss account. Market gardens are only to be rated 
at one-fourth of the amount in the pound which is 
payable for a dwelling-house — that is, as far as the 
general urban district rate is concerned. For a Poor 


garden, and the return that may be expected from 
each crop. 

The table given below has, however, been carefully 
prepared with a view to showing the average returns 
which may be expected from land carrying the 
various vegetable crops, and will, at all events, be 
of assistance to the novice who is in doubt as to 
whether ho is managing his market garden in an 
economical manner. 

In the item “ cost of cultivation ” in the table 
no provision has been made for the Cost of 
manuring. Here, again, no hard and fast rule can 
be laid down. Where plenty of natural manure 
is obtainable, the use of much chemical or artificial 
manure is not recommended. In most cases, how- 
ever, the soil of market gardens needs a stimulant 


1 AVERAGK YIELD 

OF MARKET LAND, COST OF CULTIVATION 

AND MARKET PRICES 

— 


j Avenure yiel*l per acre. 

Cost of ciiltH’atioii per acre. 

Average market prit« 

Artichoke (Globe) 


15,000 heads 

Approximately same as cabbage 

Is. 6 d. per doz. 

Artichoke (Jerusalem) 


250 bushels 

Approximately same as potato 

2 g. 6 d. per bushel 

Asparattus 


5 cwt. 

Variw widely 

Is. to 5 b. per bundle (100 shoots) 

Beans (broad) . . 


120 bushels 

Varies widely 

28 . 6 d. per bushel 

Beans (kidney) . . 


; 250 bushels 

Varies widely 

3s. jier bushel 

Beetroot 


350 bushels 

248. per acre 

9d. to 28 . i>er doz. 

BroccAili . . 


8 to 10 tons 

Same as for cabbage 

10 b. per crate of 6 doz. 

Brussels sprouts . . 


150 husliels 

From 50s. to 5.58. per acre 

58. per bushel 

Cabbage . . 


10 ,(H )0 heads 

248. to 28 r. per acre 

Is. per doz. 

Carrots . . 


500 bunches 

70s. per acre 

3s. 6 d. per doz. bunches 

Cauliflower 


15 to 20 tons 

358. per acre 

28 . fier doz. 

Celerj’ 


12,000 heads 

£4 to £5 

Is. 6 d. per doz. heads 

Cucumber 


i 6,000 from 100 ft. house 

£25 per houne 

2 s. per doz. 

Herbs (various) . . 


1 ton (when dried) 

Varies widely 

308. ner cwt. 

Is. 6 u. per bundle of 25 roots 

Horseradisli 


10,000 bundles 

2 hs. per acre 

Leeks 


17,000 bunches 

1 £6 per acre 

28 . per doz. bunches 

Lettuce . . 


25,000 per acre 

( Varies greatly 

6 ti. to Is. 6 d. per doz. 

Mushrooms 


124 cwt. per 100 yd. run 

' £17 per 100 yd. (ridge bed) 

i 6 d. jier lb. 

Mustard and cress 


' This crop is grown in 

, many varying ways 

1 Is. per doz. punnets 

28 . 6 d. per bushel 

Onion 


400 bushels 

j £6 lOs. per acre 1 

Parsnip . . 


6()f) liushels 

708. per acre 

1 2b. 6d. per bushel 

Peas 


150 bushels 

Varies greatly 

2e. per bushel 

Potatoes 


8 tons 

288. to 30s. ! 

£4 lOs. per ton 

Savoy 


— . 

Same as for cabbage 1 

Seakale 


Varies greatly 

Varies greatly ] 

Is. per 2 lb. pnnnct 

Spinach 


450 bushels 

As for cabbage j 

1 28. to 3s. per bushel 

Tomatoes 

Turnips 


3 lb. i>er plant 
{ 700 bushels 1 

Varies greatly 

40s. i>er acre 

3d. to 4d. i>eT lb. 

4b. per doz. bunches 

Vegetable marrow 


1,500 do*. i 

20g. to 258. per acre 

! Is. 6d. per doz. 


rate they are liable for half the amount payable 
for a dwelling-house, but buildings thereon, such 
as greenhouses, are liable for the full amount. It may 
be well to state here that, according to the Market 
Gardeners Comx>en 8 ation Act, a market garden is 
“ a holding wholly or partially cultivated for grow 
ing produce for market ” — that is to say, the crops 
grown on such land must be for market purposes 
only. A ])rivat<» individual, who has a very largo 
garden, and disposes of certain surplus fruit and 
vegetables in the markets, is not a market gardener 
within the meaning of the Act, and his garden is 
liable to be rated at the full amount. It is always 
well to see that the rates are properly adjusted at 
the commencement of the tenancy, as, when once 
a iiayment has been made on a higher scale, it is a 
long and tedious process to get either a reassess- 
ment or a refund. 

It is, of course, impossible to lay down any hard 
and fast rule that will apply to the whole of the 
country as to the cost of maintaining a market 


of some kind, and the following little table gives 
particulars of those which arc most economical. 


Basic slag 

3 

cwt. 

1 £2 per 

Dissolved bones 

5 

cwt. 

1 €4 lOs. , 

Guano . . 

1 

cwt. 

£11 

Nitrate of soda . . 

1 

cwt. 

£8 

Bulphate of ammonia 

1 

cwt. 

! £9 

Sulphate of potash 


cwt. 

1 £6 


Any of these manures are suitable for market 
garden crops, with the exception of sulphate of 
ammonia and nitrate of soda, neither of which is 
it desirable to apply to peas or beans. A very cheap 
and effective manure for potatoes and onions is 
ordinary soot, used at the rate of three dozen 
bushels per acre. In the neighbourhood of a town 
this can usually be obtained at a few pence per 
bushel, rarely more than sixpence. 


Gabdbnino concluded 
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hours are allowed for dinner. In the afternoon* the 
instructor gives a general explanation of all gear 
carried on the engines* the method of stowing it, 
and the different screws and couplings used in the 
brigade. 

Tucfday. After physical driH, the instructor gives 
lecture No. 2, on the mobilisation of the brigade, and 
the systems of fire alarms -and communication by 
telephone and electric bells. He also deals with the 
use of long and short lines, knotting, hitches, etc., 
and explains methods of rescue by means of lines. 
In the afternoon instruction is given on London 
water supply, mains, service pipes, supply pipes, 
fire plugs, cocks, hnd hydrants, the men receiving 
a thorough insight into* the way in which London 
is supplied with water for fire purposes. 

W cdncsday. After the usual drill the members of 
the theoretical class assist to prepare for the general 
display which is always given to the public at the 
Southwark headquarters on Wednesdays, and are 
instructed in jumping into sheets and in methods 
of rescue work with Tines. In the afternoon they 
assist with the general drill. 

Thursdays. Tlic instructor delivers lecture No. 2, 
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on fires, methods of dealing with chimney fires, and 
the use of Large and small canvas dams at fires. In 
the afternoon the men are instructed in the use of 
first aid apjiliances, and receive an explanation 
of the methods of using branches, nozzles, hose 
suctions, and (couplings, together with a description 
of the manufacture cand method of making up lines 
of hose. 

Friday. After physical drill the men are instructed 
in bringing down insensible persons, and in the use 
of the smoke helmet. In the afternoon they take part 
in wet drill with a steamer, and in the evening clean 
out all the dormitories. 

Saturday. After the general work of assisting in 
cleaning all gear And the headquarters generally, 
the men “ stand easy.” 

Alternative Sy Halms. Xhe alternative 

syllabus of the theoretical class, which is carried into 
effect on the second and fourth weeks in each month, 
includes the usual routine of physical drill every 
morning. On Mondays the men receive instruction 
in picking up and bringing down insensible persons, 
and take part in bucket, hand'pump, and manual 
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drill. In tlie afternoons, they carry out scaling and 
hook ladder drill, and receive explanations of the 
fire alarm system, and of the proper methods of 
forwarding ” calls,” ‘‘ stops,” etc., in regard to 
actual fires. 

On Tuesdays they enter upon hose-cart drill with 
hydrants and stand-pipes, and in the afternoon take 
part in horse-escape drill, and in exercis3 rescue 
work. 

On Wednesdays the work is practically the same 
as that given under Theoretical Instruction. 

On Thursdays the men receive an explanation of 
the use of the manual engine and of first aid 
appliances, and undergo in the afternoon watch- 
room instruction, and an explanation of the 
methods of carrying out duties and watches at 
street stations and in fire-escape boxes. 

On Fridays they are drilled in the work of carrying 
down insensible persons, restoring life by artificial 
methods, and in escape work. Friday afternoons 
are devoted to general cleaning up work. 

The Practical Class. From the theo- 
retical class, the novices under instruction are pro- 
moted to the practical class, where the early rooming 

_ routine is the same. The first week’s 

syllabus of instruction, apart from this 
routine, consists, briefly stated, of the 
following programme of work. 

Mondiiy. The men are instructed in the 
method of picking up insensible persons ; 
they prepare for and carry out wet drill 
with a steamer. In the afternoon they 
receive instruction in testing and repairing 
hose, undergo practice in rendering first- 
aid to the injured, drill with the horsed 
escape, arc instructed in the use of escapes 
and ladders in cases of emergency, and 
carry on rescue work with lines. They 
pack up at four o’clock. The men are 
divided into three watches of leave, and 
those on leave are at liberty until 1 a.m., 
while the others engage in station and 
other duty. 

Tuesday. The members of the practical 
class are exercised with jumping sheets and 
in hose-cart drill,, in addition to horsed- 
escape and manual drill. In the afternoon 
they are instructed in the geography of the 
~ ity Council area, the mobilisa- 
tion of the Brigade, and the duties of 
firemen generally. 

Wednesday. The curriculum includes much of 
the previous drill, and also extends to the use of 
smoke helmets, scaling ladders as used in climbing 
over walls and roofs at actual fires, hand-pump 
drill, rescue by lines, long-ladder drill, and prepara- 
tions for the general drill. The men construct large 
canvas dams in the drill yard and fill them for the 
purposes of the public drill. 

Thursday. The same drill, with variations, is 
carried out, and in the afternoon all appliances are 
washed off, tested, oiled, and cleaned generally. 

Friday. The men receive instruction in the 
stables, harnessing horses, and are taught to assist 
the coachmen in getting them away quickly. I^ater 
on, they practice carrying insensible people off the 
roof, and take part in smoke-helmet and hose-cart 
drill combined. All dormitories are cleaned out in 
the evening, and on all Tuesday and Friday nights 
ambulance classes arc carried out. 

Practical Class. The alternative syllabus 
for the practical classes includes, on Mondays, a 
lecture on the duties of firemen in regard to calls to 
fires and chimney fires, and to the methods of work 


at actual fires. In the afternoon, the ladders and 
lines used in the Brigade are tested, and wet drills 
with a steamer and horsed escape, manual, and 
scaling ladder drills, are carried out. On Tuesdays, 
the curriculum includes horsed escape, hose-cart, 
and escape drill, the use of first aid appliances, and 
instruction in the organisation of the Brigade, watch- 
room routine, and the methods of keeping an 
“ occurrence book.” On Wednesday, the ordinary 
routine of the public drill day is carried out. On 
Thursdays, the chief duty is to test, wash, and clean 
all appliances, while on Fridays the work includes 
physical drill, instruction in stables, practice in 
carrying down insensible persona, hook-ladder and 
escape drill, and wet drill with the steamer. The 
bedrooms and mess-rooms are scrubbed out, and at 
night the ambulance class is held. 

When a period of three months of this arduous 
and continuous drill has been carried out, the men 
are rightly considered to have become proficient in 
their new calling, and, as vacancies occur, are drafted 
out to different stations in various districts of 
London. 

Duties of Firemen. The general duties of 
a fireman are to reside at the station to which he 
is appointed, to be at all times within hail, afid 
available for any duty, unless specially booked 
otherwise ; to take his turn in watching at the 
station, taking charge of escapes, attending fires, and 
all other duties, when ordered by his suj^eriors : to 
assist in the cleaning and other work at the station, 
relieving the men on duty for meals, etc ; to be 
civil and respectful in his demeanour, and clean in 
appearance ; to x)erform all duties entrusted to him 
in a prompt and efficient manner ; to hold himself 
in readiness for any duty he may be called upon by 
his superiors to perform ; to obey implicitly all 
orders of his superiors, and to exact the strictest 
obedience and respect from those under him ; to 
study and otherwise endeavour to qualify himself 
to perform the duties of his superiors when called 
upon to do so. 

Special Duties. There arc four distinct 
classes of firemen, apart from officers — namely, first, 
second, third, and fourth — and the above duties, ns 
general rules, apply equally to them all. Tt happens, 
however, that in the carrying out of the laborious 
work of a fire brigade, there are many duties 
requiring special qualifications and capacities, and 
these naturally fall in most cases to the lot of 
those who have served longest and worked hardest. 
These duties consist of taking charge of the float- 
ing steam-engines and the land steam-engines, 
mechanical work at the factory, repairing engines, 
and so forth, drilling and instructing the young 
hands, keeping the accounts, books, and records 
of the establishment, and preparing reports, etc. 
It is therefore incumbent on all ranks to study and 
understand, not only their ordinary duties, but 
also those of their superiors, in order that, when 
called upon, they may be found equal to the per- 
formance of any duty devolving upon them. 

General Working. Every man is always 
supposed to be on duty, for duty, on leave, sick, or 
suspended. -Those on duty are in full dress, with 
the exception of their helmets. Those for duty are 
ready to turn out at a moment’s notice, and are 
therefore not permitted to go outside the station, 
except within view. An officer in charge of the 
station has power to grant leave to any man of his 
own station up to eight hours ; a Superintendent 
has power to grant leave up to 48 hours ; and any 
leave which exceeds 48 hours must be granted by 
the Chief Officer. 
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When the men under instruction are drafted out, 
as already described, they are classified as fourth- 
class firemen, and remain in that position for three 
years. At the expiration of that time, on the 
recommendation of their officer, they are promoted 
to the rank of third-class firemen. After that, pro- 
motion is by merit, as proved after examination. 

Steam Class Drill. In due course, the 
third-class fireman returns to headquarters to 
undergo a course in steam drill, which will enable him 
to take charge of a steam fire-engine. Later on, if 
he .succeeds in passing an educational examination, 
ho rises to the rank of second-class fireman, every 
promotion carrying with it increased pay. Pro- 
motion to the first class is obtained by the passing 
of a sijecial examination, which includes writing, 
arithmetic, the making up a pay-sheet, the geo- 
graphy of the Brigade, and such miscellaneous 
subjects as may be selected by the education board, 
which is drawn from the officers of the force. 

Higher Promotion. As time goes on, and 
vacancies occur, men passing special examinations 
become sub-officers, and at the end of 15 years of 
completed service a fireman in the ranks has a fair 
chance of becoming a station officer, and of taking 
charge of one of the fire stations which are scattered 
all over the metropolis. The next rank is that of 
District Officer, and finally a member of the London 
Fire Brigade has a chance of rising to the stfitus of 
Superintendent, and of taking charge of one of the 
six districts into which London is divided for lire 
brigade i>urposes. 

Fire-engines and their Management. 

The plant with which a fire brigade has to deal 
naturally varies in extent, according to the size 
of the city or town which it has to protect. In 
London the appliances used are of a very varied 
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character in order to suit the di£fercnt localities 
which have to be protected, the City and Central 
London districts requiring more powerful appliances 
and longer fire ladders than are requisite for service 
in suburban districts. The plant may be sum- 
marised as cQnsisting of hose-carts, manual engines, 
steam fire-engines [1], motor fire-engines [3], horsed 
escapes for life-saving purposes, extension ladders 
for lire extinguishing purposes, chemical first-aid 
appliances (now carri^ on all horsed escapes), 
hose, coal, and oil vans, fire-engines on barges, and a 
river float [2J for dealing with riverside fires. Fire- 
engines, it may be briefly said, are of variops kinds. 
Some are fixe^ in walls or stationary places, and 
cannot be moved at all ; some are fixed in ships or 
barges on the water, and others in carriages on 
land ; some are in themselves movable, and, 
whether on fixed or movable foundations, can be 
mounted or dismounted at pleasure ; some are 
worked by water, some by steam, some by manual 
power, and some by chemicals. 

Hose»carts« A hose-cart is a light box built 
on a pair of wheels to carry three 100-ft. lengths of 
hose, without the inconvenient addition of a reel. 
The box has a capacity of 13 cubic ft., of which 
10 cubic ft. are for the hose and three for the tools. 
The hose can be 


behind, and joining again in front. The suction- 
valves, two in nuniber, are made of gunmetal, and 
are of the kind commonly known as hinged inclined 
metallic valves. These valves are self-acting — that 
is, they are not fastened by means of connecting 
rods or otherwise to any of the moving parts, and 
consequently arc not set in motion by any direct 
action of machinery, as is the case with mechanical 
valves, but are o^ned by the fluid, whether air, 
water, or other substance, which is passed through 
the pump, and when this pressure ceases, close of 
their own accord by gravitation. The lift of those 
valves is IJ in., and the area of the opening is 
4*9 sq. in. The force necessary to open them is a 
pressure of *254 lb., or, in round numbers, about 
J lb. on the square inch. 

The engine has a pair of cylinders on opposite 
sides of a rocking-shaft, with pistons driven by a 
reciprocating movement of the arms of the working 
beam. The united capacity of the two pumps, 
or the quantity of water received and dis^arged 
on a stroke of the engine is 452*38 cubic in., 
or 1*63 gal. Jn round numbers, the capacity of 
the engine is a little over 1 i gal. When the engine 
is in proper order, and worked at reasonable 
speed, the quantities of water delivered are in exact 

proportion to the 


laid out from a 
hose-cart as from 
a reel, and when 
not in use is pro- 
tected from the 
weather and kept 
quite clean. A 
hose-cart, when 
empty, weighs 2^ 
cwt., and when 
full, 5J cwt.. and 
it can ca.sily he 
run to a fire by 
one man. 

A Six-inch 
Manual Fire- 



number of strokes 
made, without re- 
ference to the 

force applies!, the 
speed at which 
the handles are 
worked, the pres- 
sure, or any other 
circumstance. The 
engine can be 

worked to the 

best advantage by 
Thirty men, and 
the harder they 
work the greater 
will be the result : 


engine. Al- ' but the quantities 

though manual of water delivered 

engines have gone HORSED HOSE AND ladder TRUCK measured nut 

out of vogi.'c in (Bayleys, Lui.) amount of 

London, they arc still extant in certain local their labour, but by the actual result made good in 


districts of the metropolis, and a great number 
are in use by brigades all over the United Kingdom. 
A G-in. manual consists of a pair of single-acting force 
pumps, with an inlet pipe, four valves, an aJr vessel, 
two delivery pipes, and a rocking-shaft, mounted 
on a carriage with four wheels, and worked by levers, 
which are attached to a spindle passing through 
bearings in the carriage frame. It is, therefore, so 
far a fixture that the pumps cannot be separated 
from the carriage without delay and difficulty, but 
the whole machine, including the travelling and 
working parts, is movable, and is made as light and 
portable as is consistent with the necessary strength. 

The sole-plate, on which the works are fixed, is 
a box or b^ of cast iron, comprising the bottom, 
sides, and part of the top of. two pairs of valve- 
hoxes, one pair behind and one in front ; flanges to 
receive the corresponding flanges of the cylinders, 
and the bottom and sides of two waterways, one at 
each side. The waterways begin at the hind or 
stern end of the valve-box, where they are separated 
and pass forward, each through one part of the hind 
valve-box, underneath the cylinder at the same 
side, and through the front valve-box, in front of 
which they come together again, thus forming two 
curved channels, starting fiom the same point 


the number of strokes. The pro)X^r crew for this 
engine consists of four firemen and a coachman, 
and their weight in full uniform may be taken at 
an average of about TJ cwt. The total weight of 
this engine when proceeding to a fire may be esti- 
mated as follows : engine, 18 cwt, ; gear, cwt. ; 
men, 7| cwt. ; total, 32 cwt., or, in round numbers, 
between 1 J tons and IJ tons. 

Steam Fire-engines. The firo brigade 
experts of London and other ^eat towns have 
found that the best steam-worked pumps, or steam 
fire-engines, are those which are of simple construc- 
tion, the parts of which are the most visible and 
accessible, and it is hardly necessary to point out 
that in principle there is* no difference in the action 
of a pump, whether the motive-power be produced 
by men, by water, by steam, or in any otWr way. 
Pumps driven by steam are, in practice, run fast^ 
than those driven by hand power, and conse- 
quently the valves are generally arranged to work 
more quickly. For the sake of silence, as well as to 
avoid the risk arising from constant blows, they ore 
generally made either of some soft material or of 
metal mounted with a soft facing of leather or 
rubber. Occasionally absurd powers are attributed 
to steam fire-engines by ignorant or interested 
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persons, and in that respect it is necessary only to 
say that the real capacities of the machine can be 
tested by any engineer in the ordinary way by having 
their horse power indicated, and that the equivalent 
man power can be obtained by multiplying the 
horse power by 5. Where steam fire-engines are 
used there is a choice of only two courses with 
respect to their getting to work. One is to wait 
fourteen minutes while raising steam, and the other 
is to keep the water boiling in the engine-house, 
so that the steamer, when called out, will have a 
sufficient working pressure of steam in about three 
minutes. 

Manipulating the Fire-engine. Every 
boiler of the pattern at present in use is fitted 
with a glass water gauge, of which the bottom cock 
is on a level with the upper tube-plate or crown 
of the fire-box, and the top cock J 2 in. higher. The 
glass is protected by guard brasses, fastened at the 
top and bottom with sheet- brass clamps, and the 
guards are marked so as to show the inches above 
the crown-plate. There arc 7J in. of the glass visible 
between the clamps. Each boiler lias three gauge- 
cocks, the bottom one being 2 in. above the croivn- 
plate, the middle one 3 in. above the bottom, or 
5 in. above the crown-plate, and the upper 3 in. 
above the middle, or 8 in. above the crown-plate. 
The bottom gauge-cock should always show water, 
the top gauge-cock 


(6) The engineer must be careful to see that no 
soot is allow^ to accumulate on the shelf or tube 
plates of the boiler, as this would reduce its steaming 
power considerably. 

(7) The engineer is held responsible that the water 
in the boiler is always kept in sight in the gauge- 
glass, whenever the fire is alight, and in case of any 
accident, such as the failure of the feeding apparatus, 
rendering this impossible, he is immediately to draw 
his fire. 

(8) A sufficient quantity of water should always 
be kept in the feed vessel for supplying the boiler 
when the engine is not at work. 

(9) It being exceedingly dangerous to pour cold 
water on hot boiler plates, the engineer is desired 
to be particularly cautious about putting cold 
water into the fire-box, and in case it becomes abso- 
lutely necessary to do so, he is to pour it on the fire 
bars only, and not on the inner shell of the boiler 
or the tube plates. 

(10) After the suction pipe has been taken out of 
the water, the engine should be run round for a 
few strokes, in order to blow the remaining water 
out of the pump. 

(11) On his return from a fire, the engineer is to 
enter in the book kept for that purpose the following 
particulars, as far as he is able — namely, time at 

work, number of 


should always show 
steam, and the 
middle gauge-cock 
should generally 
show both water 
and steam. 

Steam duties on 
board the floating en- 
ginesf2] and in charge 
of the land steamers 
comprise w'ork which 
requires a large 
amount of sy»ocial 
explanation, which 
is given by respon- 
sible officers, and 



revolutions, quantity 
of water delivered, 
and any other cir- 
cumstances which 
npf)ear worthy of 
remark, such as the 
length of hose, 
number of deliveries, 
height of branch 
above engine, etc. 

Hose. The laying 
out and handling of 
the flexible pipes or 
hose which convey 
wat-er have mueh to 
do with the most 


can be understootl 5. CHEMICAL extension ladder active part of a 


only after long study 

and explanation. No man receives a charge of this 
kind until he has first proved liis professional 
qualifications for it. The general instructions issued 
in the London Fire Brigade for working a land steam 
fire-c^ine, it may be stated, include the follow’ing : 

1. The boiler of this engine is to be w'orked at a 
pressure not exceeding lb. on the square inch. 

2. The safety-valve is not to be screwed down 
to more than 100 lb., and the engineer must occa- 
sionally raise it, by hand or otherwise, both when 
getting up steam and when at work. 

3. In order to keep this valve free, and to prevent 
it sticking, he is to ease up the spring, and to remove 
the whole pressure from it when not required, 
except sufficient to keep the lever and spring 
balance from shaking while the engine is travelling. 

(4) Whenever the work admits of it, the engineer 
is occasionally to fill his boiler with water as high 
08 possible without allow'ing it fo prime, and then 
blow off from all the cocks, including the gauge 
cocks, using only one at a time. This is the best 
precaution against scale or scum, and an intelligent 
engineer will find many opportunities of adopting 
it without interfering with the necessary work of his 
engine. 

(5) In addition to this, the boiler is to be alto- 
gether blown out, and washed out occasionally. 


fireman’s work. 
These pi}ies are chiefly of two kinds, the one- 
known as ‘‘suction pijies,” which convey the 
water frojii the reservoir or hydrant to the pumps ; 
the other “ delivery pipes,” or hose which convey the 
water from the pumps to the fire. 

Suction pipes are made of leather, stretched over 
a metal spiral, which prevents them from collapsing 
when a vacuum is formed inside. Suction pipes 
are of three sizes, and are carried on the engines 
in short pieces. They arc mounted with couplings 
of an exactly uniform pattern, and can be used singly 
or with several joined together, according to their 
respective size. 

Delivery pipes or hose are made of canvas or 
leather. The hose at present almost exclusively 
used by the London Fire Brigade is of canvas, and 
is for the most part lined with indiarubber. The 
canvas pipe is m^e of the best flax, carefully woven, 
with about 10 turns to the inch in the weft or 'circular 
thread, and about 16 threads to the inch in the warp 
or longitudinal thread. A length of canvas seamless 
rubber-lined hose, as delivered by the various manu- 
facturers for the use of the London Fire Brigade, 
has an internal diameter of 2|*m., so as to take a 
coupling with a 2-in. waterway, and is almost 
invariably 100 ft. in length. Each length of hose is 
provided with a leather strap, 3 ft. 3 in. long, and 
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IJ in. wide, fitted with a suitable tinned-iron roller 
buckle, riveted to it, and a collar to slide along 
the hose. The rivets and washers are of the best 
wrought copper, properly tinned to prevent verdi- 
gris. 

Chemical Engines, or First Aid ** 
Appliances. The chemical engine consists of a 
copper cylinder holding 24 gallons of water. This 
is connected to a compressed air cylinder by a coi>per 
tube fitted with a suitable valve. The compressed 
air, on being admitted to the copper cylinder, drives 
the water out through an indiarubber hose which 
terminates in a stopcock jet. The hose is wound 
round a reel, and the water enters it from the centre 
of the reel, so that any length can be run out, and 
no connecting up is required. A length of 50 ft. 
of 1 in. hose is usually supplied, and it is carried 
already filled with water. 

The copi>er cylinder is fitted with a safety valve 
and pressure gauge, so that the 
screw-down valve which lets in the 
compressed air can be ojxjned or 
clos^ to the correct extent. On 
arrival at the fire a man takes the 
jet in his hand and runs with it to 
the seat of the fire, the hose winding 
off the reel as he runs. The valve 
is open and the compressed air is let 
in. All the man has to do on 
reaching the fire is to turn on the 
stopcock of the jet. He then has 
a powerful jet of water which will 
carry 50 ft. to (K) ft, and which 
flows for about eight minutes. 

Should a further flow be required, 
there is a connection fitted to the 
cop|>er cylinder to take the standard 
2 1 in. coupling, so that the water 
from the main can be brought 
through the indiarubber hose. 

Fire»eRcape8. Fire-escapes are 
of various sizes and patterns, and 
differ considerably in certain small 
matters of arrangement of parts, and 
so forth, but the best of those in use 
are for the most part similar in all 
the essential points. An ordinary 
rire-e8ca[)C is a ladder mounted on a 
carriage W'ith four wheels, two high 
and two low. When all the wheels 
are on the ground the escape stands 6, 70 -FT. TU 

at an angle of about 25® from the * * 

perpendicular, and would fall /stimna ixtut 
over unless supported by being 
pitched against a wall, or balanced by a pressure 
at the end of the folding lever attached to the 
carriage. The general dimensions on an ordinary 
hand fire-escape are as follows : main ladder, 50 ft. 

3 in. ; fly ladder, 19 ft. 4 in. ; first-floor ladder, 
10 ft. 3 in.; supplementary ladder, 10 h. 4 in. 
The modern appliance, now in use in London, is 
the horsed escape [ 4 ], and in this case the escape is 
carried on a van, which is drawn by two horses, 
and is turned out from the station and gallo])ed to 
tlic scene on the first ringing of any fire alarm 
signal into the depat. In the case of these escapes, 
the ladders are to a certain extent telescopic, 
and they arc supplemented by hook ladders, with 
which the men mount from window to window for 
rescue work. They also carry hose. 

A fire-escape when properly pitched may safely 
carry a man on almost every round, and a fly ladder, 
when unshipped and standing on the ground, may 
carry some eight or ten men ; but a fly ladder when 
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thrown, ought not to have more than about three 
men on it at a time, as the whole weight comes 
on a single spot of the main ladder. In all ladders it 
is necessary that great care should be taken to dis- 
tribute the weight, and not to allow it to rest on one 
spot or one portion. Thus, for instance, a ladder 
28 ft. long may carry one man on every round, or 28 
men in all, wWeas six men at some one spot may 
instantly break it. 

Firemen must always use the greatest discretion 
in leaving their escapes, even for a moment. There 
are cases in which a fireman is justified in running 
away with a hand pump, or one of the small ladders, 
as, for instance, when a fire is discovered within a 
few feet of his post and within sight, but even under 
these circumstances he ought to bo very cautious. 

Life Saving. The all-important work of 
saving life from fire includes many and various * 
branches. If all houses were exactly alike, with 
the same contents, the same 
number of inmates, and those all 
of the same ages, the same con- 
ditions of activity or helplessness, 
and occupying the same parts 
of the houses, it might be possible 
to lay down precise rules for 
their rescue ; but when it is re- 
membered not only that the 
circumstances are never alike in 
any two cases, but that the time 
of the “ call ” being sent away 
from the house on fire, the time of 
its being received at the escape 
station, and the time of the arrival 
of the escape all depend upon a 
number of contingencies which differ 
most materially, and can never in 
any way be foreseen, it will at 
once be obvious that in almost all 
cases everything depends on the 
quickness, presence of mind, and 
personal activity of the fireman in 
charge. To do his work properly, a 
fireman must bo strong, quick, 
fearless, and intelligent ; but above 
all things, he must be resolute. 

Extension Ladders. For 

l)urposes of dealing with fires in 
lofty warehouses, extending ladders 
on a telescopic principle are largely 
6. 7n-FT. TURNTABLE FIRE London Firo Brigade, 

LADDER most up-to-date appliance 

(fthand, Mwon & Co., Ltd.) » ‘adder which extends itself 

automatically by the force of 
7 a pressure chemicals [6], In the ordinary long ladders the 
appliances are usually extended by moans of a 
screw-handle. Turntable ladders are also used by 
the Brigade [6]. 

The Actual Work of the Brigade. 

The manner in which the T.<ondon Fire Brigade deals 
with actual fires depends, naturally, upon the 
character and extent of the outbreak. There are 
three ways in which the firemen receive “ calls ** to 
fires — either verbally from civilians or policemen, by 
the ringing of fire-alarm signals, or by messages over 
the telephone through the Telephone Exchange. In 
any case, the station which receives the first “ call ” 
responds by sending out, first, a horsed escape, and 
then a steamer. The particulars of the first call ’* 
are instantly telephoned by the duty-man, who 
remains at the station, to the district headquarters, 
and from that centre the firemen at the other 
stations nearest to the fire are ordered to proceed 
with their steamers and other appliances. 



Early Work at the Fire. The first 
aniyals at the fire immediately proceed with the 
task of extinction and rescue work, if there be any 
necessary, and upon the officer in charge devolves 
the responsibility of communicating immediately 
to his district headquarters a message describing 
the character of the outbreak. This is done from the 
nearest fire-alarm post by telephone, for practically 
all the fire-alarm posts in London are now telephone 
stations as well. There are three code messages 
which are used, and which indicate whether the 
fire is a slight fire, a serious fire, or a very dangerous 
fire. If the outbreak is one which can be dealt with 
by tlie appliances in hand, the words “ home call ” 
are telephoned to the district dep'it, and no more 
appliances are sent on. Should the fire be a 
serious one, and spreading, the message “district 
call” is transmitted, and altogether a force of 
about seventy firemen, a dozen steamers, long 
ladders, and other appliances are despatched from 
the different fire stations in the particular district 
in which the fire is raging. The superintendent of 
the district proceeds to the scene to direct opera- 
tions, and every steamer, as it arrives with full 
storim up, begins to pump water on the burning 
building. In the event of the fire being a very 
serious one, the message “ brigade call for the 
jiarticular locality in which the conflagration is 
raging is telephoned to the Southwark head- 
quarters, and then every district in London is 
called iiixm to render assistance. A score of 
steamers are hastily concentrated at the scone, the 
river floats are ordered to proceed from their 
moorings if the fire is anywhere near the river side, 
huge canvas dams are erected for the engines to 
pump water from, and within a marvellously short 
space of time powerful land steamers will be busy 
in every street surrounding the projierty involved, 
throwing thousands upon thousands of gallons of 
water upon the flames. The efforts of the Brigade 
will probably be directed by the Chief Officer and 
his three Divisional Officers, assisted by the Sujw- 
intendent of the district ; and while the fire con- 
tinues to rage, coal and oil vans will bo continuously 
running between the scene of the fire and the local 
headquarters, carrying fuel for the steamers, 
some of which now work with petrol. When the 
fire is “ in hand,” a message is despatched giving 
the code word *’ stop,” and stating that no more 
help is required ; while later on a brief summary 
message as to the extent of the damage is for- 
warded to headquarters. 

Outside Fire Appliances. Apart from the 
different devices and appliances which the London 
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Fire Brigade uses in its work of coping with fire 
are many useful inventions of which large private 
firms avail themselves for the purpose of disclosing 
automatically an outbreak of fire, and of checking 
it in its incipient stages. TJiese devices include 
automatic fire-alarms, which are arranged so that 
W'hen the temperature of a room, office, or ware- 
house floor rises to a certain degree, a molting takes 
place, the immediate result of which is to ring 
alarm bells outside the building, or, in connection 
with one system, into the central office some dis- 
tance away, from which the fire alarm is given to 
the fire brigade. 

Automatic sprinklers are arranged on a similar 
system, and when the temperature rises to a certain 
degree in a room or office in which the sprinkler* 
are fitted, a wax connection is melted which re- 
leases a force of water from fitted pipes. The water 
in its turn acts upon a sprinkler, and tire goods 
beneath this arrangement are presently deluged 
with water [8J. At least one large building in the 
City is fitted with a system of sprinklers [7 ] which, 
w'hen in operation, makes a complete curtain of 
water outside the building and on every side of it, 
the idea being that should a lire bi-oak out in an 
adjoining warehouse, the sprinklers could bo set to 
work and would act as a shield to the waroliouse 
in which the device is fitted. 

Progress and ImproTement. In every 
branch of fire brigade work there is so much 
scope for improvement that it would bo a wise 
man who could prophesy when finality will he 
reached, and in view of the remarkable advance 
which has been made even in the last decade in 
fire extinguishing and life saving appliances, it 
seems safe to prognosticate that every year will 
witness further developments and improvements 
in these all-important aevices. 


Fire Extinction concluded 
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remains to be given briefly the rnlea as 

to delivery, which will be found in Sect. 29, 
82, and 34 of the Sale of Goods Act. 

Sect. 29. — (1) Whether it is for the buyer to take 
possession of goods or for (he seller to send them 
to the buyer is a question depending in each case 
on the contract expressed or implied, between (he 
parties. Apart from any such contract, expressed or 
implied, (he place of delivery is the seller'' s place of 
business, if he hare one, and if not, his residence, 
provided (hat, if the contract be for the sale of 
specific goods which to the knowledge of the parties 
when the contract is mode are in some other place, 
then (hat place is the place of delivery. 

(2) Where under the contract of sale the seller is 
bound to send the goods to the buyer, but no time for 
sending them is fixed, the seller is bound to send 
them, ivithm a reasonafle time. 

(3) Where the goods at the time of sale are in 
possession of a third person, there is no delivery by 
seller to buyer unless and until such third person 
acknowledges to the buyer that he holds the goods 
on his behalf, proinded that nothing in this section 
shall affect the operation of the issue or transfer of 
any document of title to gclods. 

(4) Demand or tender of delivery may be treated 
ns ineffectual unless made at a reasonable hour. 
What is a reasonable hotir is a mtesfion of fact. 

(5) Unless otherwise agreed, expenses of and 
inci^ntal to putting the goods into a deliverable 
state must be borne by the seller. 

Sect. 32. — (1) Where, in pur8\(ance of a con- 
tract of sale, the seller is authorised or required 
to send (he goods to the buyer, delivery of the goods 
to a carrier, whether named by the buyer or not, 
for the purpose of transmission to (he. buyer, is 
prima facie deemed to he a delivery of the goods 
to ike buyer. 

(2) Unless otherwise authorised by the buyer, 
the seller m.'ust make such contract with the carrier 
on behalf of the buyer as may be reasonable, having 
regard to the nature of (he goods and the other 
circumstances of the case. If the seller omits so 
to do, and. the goods are lost or damaged in course of 
transit, (he buyer may decline to treat the delivery 
to the carrier as a delivery to himself, or may hold 
the seller responsHde in damages. 

(3) Unless otherwise agreed, where goods are 
sent by the seller to the buyer by a route involving 
sea transit under circumstances in which it is 
usual to insure, the seller must give such notice 
1o the buyer as may enalde him to insure them 
during (heir sea transit, and if the seller fails to 
do so, the. goods shall be deemed to be at his risk 
during such sea transit. 

Sect.. 34. — (2) Unless otherwise agreed, when 
the .seller tenders delivery of goods to the buyer, he 
is hound on requeM to afford the buyer a reasonable 
opportunity of examining (he goods for the. purpose 
of ascertaining whether they arc in conformity with 
the contract. 

Acceptance. And lastly there is the law 
as to Acceptance: 

Sect. 35 . — The buyer is deemed to have accepted 
(he goods when he intimates to the seller that he 
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has accepted them, or wlhen the goods have been 
delivered to him, and he does any act in relation 
to (hem which is inconsistent with the ownership 
of the seller, or when, after (he lapse of a reasonable 
time, he retains the goods without intimating to 
(he seller that he has rejected them. 

Sect. 36 . — Unless otherwise agreed, where 
goods are delivered to the buyer, and he refuses to 
accept them, having the right so to do, he is not 
bound to return them to the seller, but it is sufficient 
if he intimates to the seller that he refuses to accept 
them. 

We have endeavoured to give the simple rules 
which the business man should master in the daily 
course of his affairs. To discuss such matters as 
stoppage in transition, lien, “ rights in rem" and in 
“personam’* would be profitless here, since they 
correlate some basis of legal training. 

Agency. It is still necessary to give a few 
rules explicatory of the doctrine of Agency, and 
then we can pass on briefly to other parts of the 
law which deals with a man in his life in the world. 

The great distinction in agency lies between the 
agent proper, or particular, and the broker or 
what we might call the agent general. The agent 
proper is the nominee of any individual business 
man to do his business, to sign for him in any 

g articular transaction or series of transactions. 

uoh an agent is in a scmi>fiduciary position towards 
his principal ; he may be paid by salary or com- 
mission, and face to face with the other side in the 
transaction he practically is his principal. What 
the latter does tmrough him he does himself. The 
principal is liable for the agent’s negligence or tort 
or (to a certain extent) dishonesty. 

A broker, on the other hand, is a person whoso 
business it is to carry through contracts of sale 
and purchase of goods which are not his and which 
he does not buy for himself. He may be the agent 
both of the vendor and the vendee — indeed usually 
is. His responsibility to either is not in any way 
so onerous as tho^h he were the appointed private 
agent of either. The niceties of the law upon this 
subject are great, but the business man may content 
himself with this single broad distinction. 

He should realise in all cases where he is interested 
in transactions carried through by delegated 
authority whether the delegated authority is that 
of a private agent of his own or of a general agent 
or broker. And in the same way the agent should 
be clear in his own mind whether he is employed 
by one principal or by more than one. The 
difference is of vital importance to his status, and 
to what he can and cannot. do. With that broad 
distinction we must leave the law of sale and 
purchase and pass on to the next branch of a man’s 
daily life. 

The Law of Service. Since every human 
being of adult years is either a servant or a master, 
and not infrequently both, it stands to reason that 
the laws governing employment must be of vital 
importance to very many. In even the simplest 
cases questions arise as to how wages shoula be 
paid, when are they due, what notice should be 
given, and the like. 
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At the outset let it be said at once that a great 
deal of nonsense has found its way into the heads 
of ignorant people upon these subjects. They 
imagine that the law will not -allow this or will 
allow that, whatever the arrangement between 
the individuals. Let it be said at once that the 
policy of our law is to leave as free a hand to in- 
dividual idiosyncrasies as possible. vSo long as 
an agreement is not immoral or against public 
policy or obviously oppressive or obtained by mis- 
representation or fraud or duress, the law will 
compel its fulfilment. 

If A and B agree to become master and servant 
respectively, with wages paid at uncertain intervals 
and no notice of termination on either side, that is a 
perfectly good agreement and can be enforced. 
As a rule, however, parties do not care to enter 
upon eccentric arrangements of this kind. Very 
often in domestic service no written agreements 
are drawn up, since none are required, and then 
it becomes a matter of interest to state what implied 
rules of law govern these relations. In English 
domestic service the usage is that, in the absence 
of any express agreement, the wages should be 
paid monthly and tliat the service should ' be 
terminated by a month’s notice on either side. In 
lieu of this a month’s wages must be paid or forfeited. 
Of course, gross insubordination upon the part of 
the servant, or drunkenness or immorality, or 
culpable and wilful carelessness justifies the em- 
jdoyer to dismiss without any notice ; and in the 
same way a servant who is badly treated or starved 
may leave at once without notice. All these points 
are matter of fact or proof. 

Summary Dismissal. The cause for sum- 
mary termination must be a substantial one. C’are- 
lessnesB on the part of the servant or irritability on 
the part of the employer would not justify it. The 
wages need not be paid in advance unless there is 
an agreement to that end. But they must be paid 
when due. The employer may make deductions 
from them for breakages, but such deductions must 
be honest and careful and not capricious. The 
employer is bound to feed his indoor domestic 
servants and give them proper sleeping accommo- 
dation — though there is no real supervision to 
ensure either of these requirements, and in London, 
at any rate, even in the best houses, they are often 
conspicuous by their absence. The servant is en- 
titled to reasonable relaxation. No employer is 
entitled to turn a servant into a slave. And this 
relaxation must include leave of absence at stated 
intervals. Every servant has a right to that, and 
where it is denied the servant is entitled to leave 
forthwith, and no court in the country would think 
for a minute of penalising such conduct. 

If a servant is insubordinate an employer may 
turn him (or her) out, but the employer will not 
escape responsibility for any breach of the peace 
that may ensue. If an employer has reason to believe 
that a servant has secreted some of his property, 
he is not entitled to search the servant’s boxes 
without an order from a magistrate ; and in any 
cose an employer is never allowed to detain a ser- 
vant’s luggage. It may be added that even in cases of 
summary dismissal a servant is entitled to recover 
arrears of wages, but of course only those accruing, 
and not any compensation in lieu of notice. 
Domestic servants ore now entitled to compensation 
for injuries, but this does not deprive them of their 
common law right to. recover damages against their 
employer for culpable negligence resulting in 
disablement. 


Clerks and Workmen. Employees who 
are not menials — e.jr., clerks, staffs of banks, etc., 
governesses and tutors — are usuallv, in the absence 
of agreement to the contrary, entitled to a quarter’s 
notice. In this respect the usage of any particular 
calling may have weight with the court provided 
it can be proved. Agreements for employment 
where the employee agrees not to follow out tho 
same business himself in the same area after leaving 
are good in law. But an agreement not to 
follow the same business at all anywhere would 
probably be bad. 

Workmen come under a class by themselves, and 
may be defined thus : 

A workman does not include a domestic or 
menial servant^ hut ^neans any other person ivho, 
being a labourer^ servant in husbandry^ journeyman y 
ariificery handicraft smuny miner, or otherwise 
engaged in manual labour, whether under or over 
twenty -one years of age, has entered into or works 
under a contract with an employer ; whether the 
contract is made before or after the passing of the 
Act (38 <f? 39 Viet., cap. 90), be. expressed or 
implied, oral or in writing, and he a contract of 
service or a contract personally to execute any work 
or labour. 

The Truck Acts. The Acts known as 
the “Truck Acts,” which are now being altered 
and recodified, are directed to a very simple 
principle. Their object is to prevent masters 
jmying their workmen in kind, or making deduc- 
tions from their wages. The Truck Act of 1831 
forbids the payment of wages in aught but the current 
coin of the realm. No stipulation must be made 
by the master ns to where and when the wages 
may be spent, or how. No employer may pay 
wages in goods, nor can he set off, against a claim 
for wages, goods supplied by the employer, or 
supplied by any shop in which he may have an 
interest. Infraction of the provisions of this Act 
lays the employer open to a heavy fine. 

In 1887 the former Truck Act, which still remains 
in principle the law of the land, was greatly extended ; 
and to a certain extent it was modified. Thus, the 
new' Act specifically recognised a contract with a 
servant in husbandry for giving him food, drink 
(non intoxicating), a cottage, or other allowances 
in addition la money wages, ns part payment for 
his services. 

It is expressly re-enacted that no employer shall 
dismiss any workman from his employment because 
he spends, or fails to spend, his wages at any 
particular place. 

This provision would seem to raise the whole 
question of how far it is legal for employers to try 
and place certain places of business (mostly inns 
and public-houses) “ out of bounds ” for their 
employees. That such a practice is resorted to in 
more than one district no one who knows anything 
of English industrial life w'ill attempt to deny. Thai 
it is illegal, whether from the point of view of the 
Truck Acts or of the common law of trade inter- 
ference, is less doubtful. 

Payment in Advance. Whenever, by 
custom, agreement, or otherwise, a workman is 
entitled to receive part of his wages in advance, it 
is unlawful for the employer to withold such 
advance, or make any deduction in respect of 
interest or poundage. 

It may be worth while turning aside hero for an 
instant to point out that the courts almost 
invariably require a strict proof of the existence of 
a custom. 
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Section 8 of the Truck Act, 1887, enacts that ; 

No deduction shall be made from a workman’s 
wages for sharpening or repairing tools, except 
by an agreement which does not form part of 
the conditions of hiring. 

Where articles are made by a person at his own 
home, or otherwise, without the employment of any 
person under him except a member of his own 
family, the shopkeeper or dealer who buys such 
articles from him must pay him in the current coin 
and not in kind, under penalty of becoming liable 
to the fines imposed for infringement of the Act 
of 1831 (Section 10). 

This section only applies to articles under the 
value of £5, knitted or otherwise, manufactured of 
wool, worsted, etc. 

The factory and mine inspectors enforce the Truck 
Acts in the factories, mines, and workshops in- 
spected by them. 

Fines* Under the Truck Act, 1896, it is 
enacted that : 

An emjiioyer shall make no contract with a 
toorkntan to deduct any sum from his wages by 
way of fine, unless : 

(fl) The terms of the contract are contained in 
a notice kept constantly in a place open to the 
fvorkman, and in such a position that it may he 
easily read by him ; or the cenitract is in writing 
signed- by the workman ; moreover, the contract 
must specify the acts or omission in respect of 
which a fine may be imposed, and the amount of 
the fine. The act or omission must be one likely 
to cause damage to the employer or hindrance to 
his business. The fine itself must be a fair and 
reasonable one, and 

(b) An employer shall not make any such 
deduction except in accordance with such a contract. 

to tie fined has been furnished with the particulars 
for which he is penalised. 

Shop assistants come under this Act as w'cll as 
workmen. Where an employee has been fined illegally 
under this Act he can recover within six months of 
the fine. 

Employees Living In.” As regards 
the general provisions of the Truck Act, shop 
assistants are not equally favoured. There has 
grown up in the large retail shops of many large 
towns of England a system known as “ living in ” — 
the unmarried assistants are supplied with meals 
and lodging in lieu of possibly more than half of 
their wages. The objections to this system are ob- 
vious. Men are herded together, the good and the 
bad without distinction. The State obviously cannot 
deal with morals, as such ; but if the employer were 
handicapped by statute in his facilities in paying 
wages in kind, the system would receive a death- 
blow from which it could never hope to recover. 

That is the purpose, without a doubt, of the 
movement of recent years, which, having resulted 
in a commission to see how far shop assistants can 
be brought under the conditions of the Truck Act, 
will indubitably result in legislation crippling a 
custom which has become an abuse. 

Compensation. The whole question of com- 
pensation to workpeople has been settled by the 
Act of 1906, which, coming into force on July Ist, 
1907, may be said to have revolutionised in one 
important partif;ular the law upon the subject. 
For the first time domestic servants have been ad- 
mitted to the advantages of compensation. It 
would not bo possible to give in this place any 
synopsis of the rules and liabilities under the Act. 
Suffice to say that the prudent employer will now 
6846 


insure against any liability. We append therefore 
an ideal form of po’icy which is accepted by several 
of the better known insurance offices. 

SPECIMEN POLICY 

M of (hereinafter called “the 

employer ”) having paid to the almve company the sum 

of on account of premium for the indemnity 

hereinafter mentioned, it is hereby appreed as follows : 

The company indemnifies the employer fully and com- 
pletely against his or her entire liability (including costs), 
however protracted, under or by virtue of 

The Workmen’s Compensation Act, 1906, 

The Employers’ Liability Act, 1880, 

Lord Campbeirs Act, 1846, 

The Common Law, 

The Workmen's Compensation Acts, 1827 and 1900. 

In respect of any injury fatal or non-fatal, which, at any 
time or times during the continuance of this policy, shall 
happen to any servant while In his or her employ, or while 
by law so deemed to be. 

The company in cases of non-fatal accidents will, in lieu 
of the payment of half the weekly wages provided by the 
W'orkmen’s Compensation Act, 1900, allow the employer 
the full wages paid during the period the employee is 
totally incapacitated from u ork up to one month from the 
date of the accident, and thereafter the benefits allowed 
by the Act, and will reimbui-se the employer any I'eason- 
able medical expenses he may incur in connection with 
such accident up to but not exceeding five pounds (£5) 
in amount. 

The company shall at its own cost take upon itself the 
settlement of any claim, and the employer shall not, 
except at his own cost, make any payment, settlement, or 
arrangement. The company shall, at its own cost, take 
over and conduct and control the defence of any proceed- 
ings taken to enforce any claim, and defend the same in 
the name of the employer. 

The employer bj' the acceptance of this policy agrees : 

To give notice to the company at its head or branch 
office of any accident, within a reasonable period of the 
time when it comes to his knowledge, and of any claim, 
* either verl>al or in w'ritiug, made upon him. 

To render the company at the cost of the company all 
reasonable assistance in connection with any accident, or 
any claim which may arise under this policy, and at the 
expiration of each year of insurance to furnish a statement 

^eai', uiiu t/u pay L(j uic cuiiipauy any auuii/iuiiai pi-ciiiiuni 
which may l>e due in respect of pers/tns employed in 
addition to those on whom premium shall have l>een pre- 
viously paid (to which additional servants it is hereby 
^reeu that this policy shall in the meantime apply). 

In consideration of an extra premium of it is 

agreed that this policy shall extend to protect the 
employer against all liabilities under the Workmen’s Com- 
pensation Act, LK)C, to persons not in the employer’s 
permanent service, and temporarily or occasionally em- 
ployed by him in his cai)acity of a private hoiiseholdor or 
of an occupier of office or business premises, or for purposes 
incidental thereto. 

This policy shall In? in force for twelve calendar months 
from the date hereof. 

Landlord and Tenant. The folly of the 
average layman is exemplified in no department of 
law so much as in the carelessness with which the 
leasing of houses and rooms is concerned. Ten- 
ancies are entered into without agreements stamped 
and properly sealed, with the result that the tenants 
entail upon themselves much hardship, and what 
seems to them to be illegality. At the outset, then, 
we would offer this golden rule : 

Never enter into any tenancy which is for over a 
year without having a properly stamped and signed 
agreement. The v^ue of the stamp required wHl only 
be a few shillings, and the advantage of security wUl 
be incalculable. The tenant sho^Ud also be careful to 
note that the lease contains clear and express provision 
as to the amount of rent, the mode of payment, and 
the notice required for the termination of the tenancy. 
As a matter of practice, most tenants, certainly in 
humble circumstances and in agricultural districts, 
are content to take a tenancy without any agree- 
ment in writing. In such cases, if they pay weekly, 
they are weekly tenants ; if monthly, they are 
monthly tenants, and can terminate their tenancy 
by a month’s notice. Causes of perplexity not 
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infrequently occur where the tenancy ha« begun on 
a year’s agreement which has come to an end. The 
tenant continues in occupation. His tenancy is 
then governed (in point of time) by the mode of 
payment. If his rent is paid quarterly, he is a 
quarterly tenant, and must pay and give notice on 
the day he desires to terminate his tenancy. 

Mode of Notice* Notice, whether given 
by [the landlord or tenant, may be verbal, but 
the onus is upon the person giving it to show that, 
if verbal, it was properly given. Thus it would not 
be considered a good notice if the tenant called at 
the landlord’s house and rang the bell, and on being 
informed that the landlord was not at home, left the 
verbal notice with the servant to hand on to the 
landlord. Nor is it a good notice when the date 
of leaving is placed at a day and time which is not 
legally in accordance with the reqiiireinents of the 
tenancy. Such a notice is altogether bad, and may 
be disregarded. The tenancy always expires at 
midnight on the date fixed for termination of the 
tenancy, and the tenant cannot be called upon to 
quit the premises before. 

The landlord’s remedies against a tenant who 
fails to pay his rent are dealt with briefly in another 
place, but here it may be said that where cases arise 
of tenants “ flitting,’^’ leaving the house or rooms 
barred up and empty, the landlord is entitled to 
break in and obtain possession. If the tenant 
should happen to have left anything of value behind, 
the landlord may sell the same to cover the arrears 
of rent, and such rent as would be due in lieu of 
proper notice. But he is not entitled to double 
rent from the departed tenant and a new one, should 
he have succeeded in obtaining a new one. 

Distress. The landlord’s remedy where the 
tenant fails to pay his rent is by “ distress,’’ which 
can only be levi^ by a certificated bailiff, and 
must be between the hours of sunrise and sunset. 
Even then, the landlord must see to it that there 
is no forcing or breaking into the house, for the 
rule of the law is that “ an Englishman’s house 
is his castle.” The bedding of the tenant and 
his family, and wearing apparel in actual use, and 
tools and implements of his trade to the value 
of £5, must not be distrained upon. Goods belong- 
ing to a lodger or visitor in the house should not 
be seized, but it is incumbent upon them to serve a 
declaration of ownership upon the landlord, ac- 
companied by an inventory specifying the proi>erty 
in question. It may also be added that : 

Kitchen ranges^ stoves^ coppers, grates, and other 
fixtures of the like nature put up by the tenant for 
the more convenient or profitable use of the demised 
premises, and which he is entitled to sever and remove 
during the term, are not distrainable for rent 

The other rules for distress, inasmuch as the 
process is compulsorily in the hands of experienced 
people, need not be given here. It will be enough 
to add for the benefit of unfortimate tenants that 
the penalties for illegal distress cu^e very heavy. 

Another branch of house letting of importance to 
tenants oonoems the question of repairs. 

Repairs. Probably it would always be safer 
to specify more fully than is habitual at present 
the repairs for which the landlord is responsible, 
and those which should be ux>on the tenant. At 
present, the favourite phrase is tenantable repair, '' 
and the necessity of keeping the house in this con- 
dition is upon the landlord. But the meaning of 
that phrase is rather an elastic one. It is not, 
indeed, possible to define it more than ^nerally. 
In as few words as possible, it may be said that the 
landlord must keep the house in a habitable con- 


dition. If the roof falls in, or one of the ceilings, 
if the cellar becomes full of water, ho must see to 
rectifying these defects. But he will not be respon- 
sible for broken sash cords, or door handles that 
tumble off, or if the chimney smokes. 

Failing, however, any express agreement, the 
landlord has no such liability at all. There is no 
implied warranty on his part that he will keep the 
premises habitable, or rebuild them in case the 
roof falls in or they are burnt down. So a tenant 
who is burnt out will find himself under the unpleas- 
ing necessity of still having to pay rent. And more 
than that, the landlord can got the insurance money 
for the destroyed premises and yet refuse to rebuild 
them. Surely this may be said to be a branch of 
our law conspicuous by its oddity. 

Fair Wear and Tear. The responsibility 
upon the tenant, in the absence of any express agree- 
ment, is to leave the premises at the expiration of 
his tenancy in a reasonably clean condition, fair 
wear and tear being allowed. But if he has pulled 
dowm a wall during his tenancy he must rebuild it, 
of course, unless he has obtained the landlord’s 

E ermission for the structural alteration. This 
ranch of our subject includes the question of 
fixtures, the legal aspect of which has given rise to 
much perplexity in the past. 

The broad rule is that the tenant, at the expiration 
of his lease, may remove trade and ornamental fixtures, 
hut he must take care that in so doing he does no 
damage to the fabric. Thus, a chandelier put up by 
the tenant may be taken down only if the ceiling 
is left in proper condition. Trees and shrubs planted 
by the tenant could be removed if by so doing no 
harm was done to the garden — a rather prohibitive 
condition. The tenant in such cases would be in a 
better condition if he happened to be a nursery- 
man, and could describe these articles as trade 
fixtures. 

A shop window or counter or show-cases can be 
removed at the end of the tenancy, but the premises 
must be restored to their former condition. It will 
be seen then that the subject is one on which no 
definite rules can be enunciated. The safest course 
in all cases is to make these alterations the subject 
of express agreement with the landlord. The 
tenant who, for instance, is at the expense to fit up 
the premises as a shop, and then discover that it will 
cost more to remove his fixtures, must bear in mind 
that he will not be entitled to any compensation 
from the landlord for the thin^ left behinef — unless, 
of course, the whole matter had been the subject 
originally of express agreement. 

PERSONAL LAW 

“ Ho who is his own lawyer has a fool for his 
client ” is a saying which has in it much truth and 
*much fallacy. At any rate it applies to lawyers 
as well as laymen, for the family which had good 
cause to rue home-made law was that of a former 
Lord Chancellor who dfew up his own will with 
remunerative consequences to the class from which 
he sprang. But the drafting of legal documents 
is another story. And here it may be said at the 
outset that the drafting of legal documents, wills, 
contracts, bills of sale, deeds of gift, should never 
bo undertaken by amateurs, however vital the needs 
of economy. If a man has twenty pounds to leave 
behind him, it will be far cheaper in the long 
run to have that trumpery amount conveyed by a 
proper will executed by a qualified solicitor. Home- 
made drafts are short outs to litigation ; the man 
who uses them may write himself down penny wise 
and pound foolish. 
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But in daily life legal points arise, too trivial 
to take to a solicitor, or perhaps too sudden to 
leave time for consultation. Often in a man’s 
business or eronloyment, or in his relations with his 
landlord or his tenants, or with the doctor who 
attends his children, or the schoolmaster who 
teaches them, he takes a false step sufficient to put 
him out of court for ever so far as that particular 
case is concerned. Husband and wife, through 
ignorance of a minimum of law, may entail con- 
sequences upon themselves of a most uncomfortable 
kind, to say nothing of the legacy of woe daily left 
to children by married persons who are ignorant or 
careless, or both. 

Husband and Wife. The only bars to 
marriage under our law are disabilities through 
five causes : 

(а) Mental Incapacity. A marriage with 
a lunatic “ so found by inquisition ” is void, or 
with a person who, though not the subject of an 
inquisition, can lie proved to have been insane 
at the time of the marriage. “ Insanity ” must, 
of course, be taken to mean real, definite insanity, 
not mere oddness or eccentricity. It may be added 
that to go through a form of marriage with a 
declared lunatic (so found by inquisition) is punish- 
able as a very serious contempt of court. 

(б) Aoe. Marriages contracted under fourteen 
by the male and under twelve by the female are 
voidable — that is, they can be annulled at the 
will of either of the parties on reaching the marriage 
age. 

(c) Rblationship. The prohibited degrees 
of relationship are to be found in the Prayer Book. 
These include illegitimate relations and relations 
by the half-blood. Thus, a man may not marry 
his deceased wife’s step-sister, though there may 
have been no blood tie between the women at all : 
also a man may not marry his deceased wife's 
illegitimate daughter. 

(S) Prior Marriaoe. The existence of a prior 
marriage renders a new marriage absolutely null 
and void. 

(e) Physical Incapacity is a ground for void- 
ing a marriage. The distinction between void 
and voidable in the above paragraphs must be 
clearly understood. Void moans null from the very 
licginning — never anything else ; while midahle 
signifies that the marriage is a good one until 
either of the parties choose-s to void it. But in the 
latter case, if it could be proved that a party 
chose to take advantage of its voidable character 
through capriciousness — ».c., long after he or she 
knew that it was possible, the court might very 
well refuse to allow it to be voided. 

Formalities of Marriage. Marriage 
can be solemnised according to the rites of the 
(’hurch of Kngland, or civilly. Thirdly, there arc 
Nonconformist marriages. 

Church of England Marriages are either by 
Banns, Licence, *• Special ’’ Licence, or Registrar s 
Certificatri. 

(1) Banns. The Marriage Act, 1823, directs that; 

All banns of matrimony shall be published in 
an audible manner in the parish church or in 
some public chapel, in which chapd banns of ' 
nmtrimony may now or may h-ereafter he lawfully 
published, of or belonging to such parish or chajtelry 
loherein the parties may be married shall dwell, 
arrording to the form of words prescribed by the 
rubric prefixed to the office of matrimony in the 
Book of Common Prayer, upon three Sundays 
preceding the solemnisation of the marriage, during 
the time of Morning Service or of Evening Service 
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[if there shall he no Morning Service in such church 
or chapel, upon the Sunday upon which such 
banns shall be so published], immediately after 
the Morning Lesson, or whensoever it shall happen 
that the parties to he married shall dwell in diverse 
parishes or chapelrics, the banns shall in like 
manner he published in the church or in any such 
chapel as aforesaid belonging to such parish or 
chapdry wherein such parties shall dwell. 

If the names of the parties are misstated in the 
publication of the banns, and this misstatement is 
the result of false information given with the know- 
ledge of both parties, the marriage is void. One 
wrong name might not render the marriage void, 
though this is possible. If the misdescription 
can be proved to have been duo to no fraudulent 
intention, or if only known to one of the parties, 
the marriage is good. A misdescription of status, 
as where a widow describes herself as a spinster, 
does not matter, and has no effect upon the validity 
of the marriage. 

Seven days’ notice of the publication of the 
banns must be given to the clergyman of the 
parish ; consequently it must follow that twenty-two 
days' residence is compulsory in the parish on the 
part of the party who has to obtain residence in 
the parish for the publication of banns. This, of 
course, refers to a jwrson w’ho has no parish of his 
or her own. Then, a traveller is a parishioner of 
every j)arish he comes to ” ; accordingly the man 
(without a parish of his own) who desires to marry 
a woman, say in Folkestone, must himself become 
a resident in that parish (or any parish where he 
houses that his banns shall be published) by 
remaining there seven days to cover the notice 
to the clergyman, and fifteen days to cover the 
three Sundays when the banns are put up. If 
the marriage does not take place within three 
months after the complete publication, then there 
must be republication for three Sundays. 

The marriage must be solemnised in one of the 
parish churches in which the banns were published. 

(2) Licence. Where it is desired to dispense 
with banns. Church of England marriages can be 
by licence, to be obtained from the episcopal head 
of the diocese in which the marriage is to take place. 
No licence can be granted unless there has been 
a residence for fifteen days by one of the parties in 
the parish where the marriage is to be celebrated. 
Then ho fore the licence is granted one of the parties 
must swear before the bishop’s officer that there 
is no lawful im|)edimcnt of kindred and that there 
has been fifteen days’ residence, and if cither 
party is a minor, and not previously married, then 
that the consent of the parent or guardian has 
>)ecn obtained. A false oath in regard to any of 
these particulars is a misdemeanour and punishable 
as such. 

The licence must be produced for the clergyman 
at the marriage, and will be retained by him. The 
cost of such a licence varies in different dioceses 
from £2 to £4. 

(3) Special Licence. Special licences, which 
cost £30, can authorise marriage without residence, 
at any hour of the day or night, and in any place 
whether consecrated or not. The special licence is 
granted only by the Archbishop of Canterbury, 
For any part of England, and the application for it 
must be accompanied with an affidavit giving 
particulars as to names, etc., and made to the 
office of the Vicar-General. 

(4) Reoistrar’s Certificate. Marriages may 
also be solemnised in church on a registrar’s 



LAW 


certificate. This certificate is also used in Noncon- 
formist marriages and will be treated under that 
head. 

Nonconformist Marriages. By the 

present laws of the land marriages oetween persons 
belonging to denominations other than the C'hurch 

worsiiip oi me aonominarions wnicn ine pan-ies 
belong. A notice to the registrar is required, after 
which a certificate or licence is granted and the 
marriage can proceed. 

A registrar’s certificate or licence is valid for 
marriages in Church of England or Nonconformist 
places of worship, or for civil marriages. 

A form must be procured by one of the parties 
from the registrar’s office, and tilled in with the 
full names, status, etc., of the contracting parties. 
Anyone who wilfully signs a false statement knowing 
it to be false is guilty of perjury and can, on 
conviction, be sent to penal servitude. At the 
time of giving notice the party must also make a 
solemn declaration of seven days’ residence (fifteen, 
if the marriage is to be by licence) in the district of 
the 8U]M3rintendent registrar. 

If either of the parties is a minor, then this sole^nn 
declaration must contain a statement that the mar- 
riage is taking place with the consent of those 
entitled to withhold it. 

A false statement wilfully made is perjury, and 
can be punished, on conviction, by penal servitude. 
But such false statement does not render the 
marriage void. 

The notice of such a marriage must be conH)>icu- 
ously exhibited in the office of the superintendent 
registrar for twenty-four hours prior to the solemnisa- 
tion of the marriage, to give an opportunity for any 
authorised objection. 

Following upon the notice, the ])arties can take 
their choice of a licence or a certificate. The former 
is the more expensive and the more ex|)editious. In 
the case of the licence also the need of a public 
exhibition of the notice is dispensed with. The 
fees in either case are not very high, and the exact 
formalities as to prior residence in the district 
will always be given at the office of the suj>er- 
in tendent* registrar. 

The certificates or licences above referred to 
are valid for the solemnisation of marriage in a place 
of worship or in a registrar’s office. 

Marriages must in that case be solemnised in the 
usual form before the superintendent registrar in 
the presence of two witnesses. 

Marriages Abroad. The question of mar- 
riages abroad opens too wide a subject to be dealt 
witn in an article written for laymen. One golden 
rule taken to heart by British men and women in 
foreign countries will save much future unhappiness. 
Never enter into a marriage contract with a non- 
British subject without first finding out from the 
British Consul in that particular place how to set 
about making the ceremony a valid one, both by 
Eirglish law and the law of the land in which the 
marriage is celebrated. 

The rule of oiu- law is that ever}^ child born of the 
wife after lawful wedlock is presumed begotten of 
lawful intercourse, and therefore legitimate. 

But if it can be conclusively proved that the 
husband has had no access to his w'ife the child can 
be bastardised. 

The old days, when a husband could chastise his 
wife or take her to Smithfield, there to sell her to 
the highest bidder, have passed away for ever. In 
the eyes of the law, as it stands to-day, a husband 
is entitled to be master in his own home, but is no 
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longer allowed to bo tyrant. A married woman 
has many legal opportunities of getting away from 
a husband who is capriciously domineering, orders 
for the sake of ordering, or attempts to rule the 
household to beyond the limit of what is really 
reasonable. 

Property Act. 

It is obviously impossible in this place to give the 
thousand-and-one details of the law governing 
the relations between husband and wife. Inasmuch 
as the bedrock of those relations is usually the 
question of property, it will be enough here to refer 
fully to what may be called the Magna Charta of 
married life — the Married Woman’s Property Act 
of 1882. The main clause of the Act is the first. 
For that reason it is given in full in this place. 

1. — 1. A married woman shall, in accordance 
with the provisions of this Act, he capable of 
acquiring, holding, and disposing by will or oilier- 
wise of any real or personal properly as her 
separate property, in the same manner as if she 
were a femme sole, withoiit the intervention of any 
trustee. 

2. A married woman shall he capable of entering 
into and rendering herself liable in respect of and 
to the extent of her separate property on any contract, 
and of suing and being sued, either in contract m 
in tort, or otherwise, in all respects as if she were 
a femme sole, and her husband need not be joined 
with her as plaintiff or defendant, or be made a 
party to any action or other legal proceeding brought 
by or taken against her ; and any damages or 
costs recovered by her in any such action or pro- 
ceeding shall he her separate property ; and 
any damages or costs recovered against her in 
any such action or proceeding shall he payable 
out of her separate property, and not otherwise. 

3. Every contract entered into by a married 
woman shall be deemed to be a cantract entered 
into by her with respect to and to hind her separate 
property, unless the contrary be shown. 

4. Every contract entered into by a married 
^ooman with respect to and to bind her separate 
property shall hind not only the separate jrroperty 
which she is possessed of or entitled, to (ft the date 
of the contract, but also all separate property 
which she may thereafter acquire. 

5. Every married woman currying on a trade 
separately from her husband shall, in respect of 
her separate property, be subject to the bankruptcy 
laws in the same way as if she were a femme sole. 
The remainder of the Act is equally important. 

It provides remedies of married women for protection 
and security of separate property. Another section 
refers to the wife’s ante-nuptial debts, for which the 
husband is responsible only to the extent of any 
])roperty of hers of which ho has the enjoyment. 
But whereas that Act has the effect of putting 
married women on an equality W'ith all other adults 
in respect to the owning of property, the law has 
gone a step further and endowed them with a privi- 
lege denied to everyone else. This is the Restraint of 
Anticipation, which is permitted to be added to any 
gift of land or income made to a married woman. 
During her husband’s lifetime she may enjoy this 
income or the land as her separate estate, but she 
may not alienate it. Directly he dies she may dispose 
of it as she pleases — capitalise it, if it is income ; 
sell it, if it is land ; give it away or exchange it. 

These brood lines, then, are sufficient to show the 
main features of the law governing marital relations 
where property is concerned. One important sub- 
sidiary question remains: How far ts a husband 
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respo}iA{hle f(yr his xoifes debts ^ It can only be said 
that the law is by no means settled. For her debts 
contracted prior to the marriage he is responsible 
only to the extent of her estate which he may enjoy. 

But the debts contracted diu-ing marriage are 
another matter. He may safeguard himself, it is 
true, by advertising in tne newspapers that he will 
not be responsible, but that is a counsel of despair 
not likely to be thought of until the mischief is done. 
At the same time there is the point of view of the 
creditor to be considered, the tradesman who sells 
the goods and has a right to expect payment. 

Probably in no recent instance has the need of a 
code ever been more emphatically instanced. 
Paquin v, Beauclerk (otherwise Holden), the last 
recorded case upon the subject (1906), equally 
divideil the House of Lords, with the result that the 
I<ord Chancellor (Loreburn) and Lord Macnaghten 
took one view, while their two legal brethren. Lords 
Robertson and Atkinson, took the other. 

The result is to make it possible only to state the 
rough rule with considerable doubt. Within the next 
few years, months even, what lawyers now regard 
as settled upon the subject may ho altered, and a 
definite code be established as to how far married 
women may contract debts on their own and their 
husband's credit. 

The Tradesman’s Liability. As the 

law stands, then, a tradesman who supplies 
a married woman with necessaries befitting her 
apparent station in life, or with goods for use in the 
household, must look for payment to the husband. 
Groceries supplied to a villa residence in Sydenham 
must be paid for by the husband. It matters not 
that he has given his wife fifteen pounds a week for 
household expenses, and she has spent the money 
instead on cards and racing and finery ; the unpaid 
household bills are accumulating against his credit, 
and he must pay them or no one else can be made to. 
But the tradesman is called upon to exercise a little 
discretion. The wine merchant who, on the wife’s 
order, sends in five dozen of his best brand of cham- 
pagne to the house in Park Lane where he knows 
the husband to be living is in a worse position as 
regards the wife’s liability than if he takes an 
identical order for a lady whom he has every reason 
to believe is a widow, though living in an equally 
expensive neighbourhood. Again, the draper who 
sells a bricklayer’s wife an expensive piece of silk 
may find it difficult to prove the liability of the brick- 
layer to defray the bill. But these are refinements 
which lead only to confusion. Summed up in a simple 
sentence, the present rule is Caveat vendor^ the cre- 
ditor supYilies a married woman at his own risk. 

The Lnd of Marriage- The methods of 
ending marriage other than^eath are numerous. If 
the wife is guilty of misconduct the husband can 
obtain a divorce. *If she deserts him, he can no longer 
compel her to return to him, except through the 
process of the court, and to the extent that that 
will help him. Certainly he may not employ physical 
violence, or constraint in any shape or ronn. J ust as 
the Married Woman’s Property Act is the charter 
of her liberties as regards property, so the Jackson 
Case may be called the seal of her freedom. The 
decision in that case laid it down once and for all, 
so far as om law is concerned, that the wife could 
not be constrained to live with her husband against 
her will. Both parties are now in the same position. 

The party desirous of cohabitation, whether hus- 
band or wife, may sue for restitution of conjugal 
rights. The other side failing to comply within a spe- 
cified period, the only course then loft is to petition 
for a judicial separation. This does not allow either 
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side to marry again, but neither side can afford to 
disregard it without the consent of the other. It 
acts as an absolute bar to any meeting. The party 
against whom it is granted, if the husband, or the 
wife with money, will also find him or herself bur- 
dened with the payment of maintenance to the other 
side, while the custody of the children will also be 
in the hands of the petitioner, thoi^gh the respondent 
will not be denied reasonable access to them. 

The Wife’s Claims to Divorce. 
The same remedy is in the hands of the wife whose 
husband has been guilty of misconduct ; for a wife 
cannot obtain a divorce unless she can prove that 
her husband, in addition to misconduct, has also 
been guilty of legal cruelty. ^Mere rudeness or an 
occasional outburst of temper on the husband’s 
art is not enough. The wife must prove that her 
usband has been systematically cruel, and that his 
behaviour has had a bad effect upon her health. She 
may also obtain a divorce if the misconduct is 
coupled with desertion without any reasonable cause 
for a minimum j)eriod of two years. There are 
certain crimes on the part of the husband which 
entitle the wife to petition for divorce. It remains 
to state that the hysband against whom a decree 
is made will have to provide for the maintenance of 
his divorced wife and children, and though the 
custody of the children will be with the wife, he will 
not be denied reasonable access to them. It is 
different with the wrongdoing wife. The court will 
not grant her access to her children under 16 years of 
age. With children over 16 years the court has no 
concern, and refuses to make any order. It must be 
noted that where a divorce is granted, a decree, nisi is 
granted in the first instance, and the parties are not 
free to marry again until this decree has been made 
absolute. No decree will be granted where it can be 
proved that the petitioner subsequently condoned 
the misconduct, as knowingly resuming cohabita- 
tion with the guilty party. Nor will a decree be 
granted to a petitioner who has been proved to have 
been privy to the act of misconduct, nor to the party 
whose own conduct has palpably and glaringly 
conduced to the misconduct. Disappearance of a 
party to the marriage is not in itself a dissolution of 
the marriage. The other side must get leave from 
the matrimonial court to presume the death of the 
^ disappeared : and whether this will be granted will 
* depend on the lens^h of the disappearance and the 
likelihood of death. To marry without such x>er- 
mission is bigamy. • 

One word of general interest to laymen must be 
mentioned. Poor people are now enabled by law 
to petition for a divorce at a very small cost. 
The Probate and Divorce Division of the High 
Court, Law Courts, Strand, London, should 
applied to in the first instance, and the mode of 
procedure will be pointed out. 

Parent and Child. The modem p.ront is 
no longer an absolute tyrant. He is a constitutional 
monarch. He has a right to exact obedience from 
his child who is still a minor (under 21 years) ; he 
can withhold his consent to his child’s marriage, 
and no marriage can be solemnised without that 
consent. But it is a very negative sort of privilege. 
Thus the solemnising clergyman, or the registrar 
who issues the licence or the certificate, may assume 
that the consent is given, unless ho is informed that 
the contrary is the case. Consequently the onus 
is upon the non-consenting parent, and when it is 
remembered what opportunities for secret marriages 
our very elaborate civilisation offers young persons, 
it will be seen that in modem life the ^ent has 
very little say in the matter. The fact that ne opposes 



LAW 


the marriage when he learns about it does not render 
the union null and void. Of course, a parent can use 
reasonable constraint on the person of the child — 
a young person predisposed to a specific act of matri- 
mony against the wishes of the parent may be even 
looked up in a room, but such “ durance vile ” must 
not go beyond what is reasonable discipline. It must 
not savour of cruelty at all, nor have any injurious 
effect upon the health of the child, for hero the 
community steps in, and it becomes a matter for 
the police court. 

The parent, again, is the chief arbiter as to the 
religion of the child, or he may decide to teach the 
child no religion at all. Again, he may decide what 
secular instruction the child is to receive and where, 
but he must arrange that the child is taught, or the 
State will step in and do it for him. 'l%e parent, 
however poor, will be responsible for the mainten- 
ance of the child, and if the latter is starved or 
neglected wilfully (save, of course, through the mis- 
fortune of the parent), the latter is criminally 
responsible. Conversely, adult children are civilly 
responsible for the maintenance (or a oontribution 
thereto) of destitute parents. Parental control does 
not continue in the case of children over 21 vears. 

Wills. No such view of law as the present one 
would be quite complete without a few words on 
the subject of wilK Persons who have proj)erty to 
leave should be warned to avoid home-made wills. 
In no other branch of law is the rule so often exempli- 
fied that “ the man who acts as his own lawyer 
has a fool for a client.” But if testators will insist 
upon making their own wills, let them make a point 
of simplicity, unambiguity, and clearness. The 
use of technical words is to be deprecated. If they 


employ them, it will be assumed that they know the 
meaning of the words they use. Neither stamps nor 
seal are now required to the validity of a will. 
It may be drawn up in any form the testator pleases, 
but it must be signed at the end by the testator 
and two witnesses in each other’s presence. 
Creditors and executors are competent witnesses, but 
not beneficiaries. It may be added, however, in this 
respect, that the will is bad only so far as it con- 
cerns the beneficiary witness. But such a beneficiary 
witness may be given a legacy by a codicil which is 
duly witnessed by other witnesses. 

Intestacy. Intestacy is the term apx>lied to a 
person who dies without leaving a will. The rules 
for the division of such property are very clearly 
defined. But no family of an intestate should 
attempt to divide the estate except with the help 
of a solicitor. 

The office of executor is not by any means an 
easy one. It is his duty to wind up the estate, and 
he must bear in mind that his responsibility for 
proper administration is a very heavy one. It is open 
to him to renounce the position at the outset, but 
if he accepts it is incumbent upon him to carry the 
will through to probate. If this is not done within 
six months ho lays himself open to a very heavy 
fine. The Chancery Court; however, will give 
relief in special cases. A public trustee has now 
been appointed by Act of Parliament, an 1 comes 
into exi>tence from January Ist, 1908. He is a 
government official who, in return for a small fee, 
acts as trustee, and (if required) executor, in small 
and large estates. The security thus given 
against the fraudulent conversion of trust funds 
is obvious. 


A SHORT DICTIONARY OF TERMS USED IN LAW 


AQKNT — person authorised to con- 
tract legal obligations and acquire 
legal rights, and generally to enter 
into relations involving rights and 
duties on behalf of another, from 
whom his authority is deriveu. 

Agpeement — A mutual contract or 
consideration between the parties. 

Allens — Subjects of a State other than 
that in which they happen to be 
residing temporarily or permanently. 

Ancient Lights — uninterrupted en- 
joyment of light for twenty years. 

Antenuptial Settlements — Settle- 
ment of property, etc., upon an indi- 
vidual prior to his (or her) marriage. 

Appearance — ^Attendance, either in 
person or by proxy, at a court of law 
in reply to a demand for reparation. 

Arson — Deliberately setting fire to 
buildings or such property as mines, 
crops, etc. 

Assignment — The conveyance by the 
holder of a lease or part of a lease to 
a third person or set of persons. 

Assurance — Guarantees to cover risks 
and compensate for losses, given by 
one party to another for payment. 

Attestation — The act of witnessing : 
the signatures of the witnesses when 
complete. 

Attorney, Power of— The delegation 
capacity to enter into binding ar- 
rangements on behalf of the person 
so delegating. 

BAIL — Security taken by the court 
that a person charged will attend at 
a future date to answer to the charge. 

Bailee — The holder of goods to obey 
the direction with whl^ the delivery 
to him is made. 



the court as to ejectment and distress 
for rent. 


Bankruptcy — Iiisufllcient assets to 
cover all just claims, and such insulil- 
ciency publicly declared by some 

Barratry — Wilful damage to ship or 
o.argo done by master or any member 
of the crew, without the privity of 
the owner. 

Barring of Action — Limiting of right 
to bring an action after a certain 
interval of time. 

Battery— A hostile touch or the hos- 
tilely throwing of anything at 
another person; or spitting at him. 
Practicallv a convertible term in law 
for Assault. 

Bequest — Property left by will. 

Bigamy — The offence- of going through 
the ceremony of marriage when the 
first husband or wife is still alive, 
and the former marriage has not been 
dissolved. 

Bills of Exchange — A bill of exchange 
is an unconditional order in writing, 
addressed by one person to another, 
signed by the person giving it, re- 
quiring the person to whom it is 
addressed to pay on demand, or at a 
fixed and determined future time, a 
certain sum in money, to, or to the 
order of, a specified person, or to 
llOftTGr 

Bills of Sale — Documents operating 
as the transfer of propertv from 
vendor to purchaser, or as the evi- 
dence of such transfer. 

Breach of Condition, Contract, etc. 
— Breaking the agreement to perform 
a certain act, etc. 

Burgess — Enrolled and fully qualified 
member of a borough. 

OB8TUI QUB TRUST— The person 
for whose benefit the trust has been 
instituted. 


Champerty — Bargain between third | 
party and a party to a suit, to divide ' 
the object of the suit (land), if sue- ' 
cessful ; supplying in return money ' 
to prosecute the suit. 

Chattels — Personal property. 

Cheque — An authorisation to the bank 
(or holder of any deposits) to pay a 
sum of money belonging to the 
drawer of the cheque to the payee. 

Claim, Statement of— The legal dobu- 
ment used in proceedings to set forth 
the demands of the suitor who is the 
plaintiff in the cjise. 

Collusion — A private understanding 
between parties, made to influence or 
negative the course of justice. Used 
principally in cases in the Divorce' 
Court, where husband and wife have 
a private understanding with a view 
to obtaining a dissolution of their 
marriage. 

Compounding — Agreeing to suppress 
a crime, so that the wrongdoer may 
not be brought to justice. 

Conjugal Rights— The rights of hus- 
band and w'ife to the society and 
support of the other. The compul- 
sory common life. 

Consideration — The reason demanded 
in law for the passing of any property 
from one person to another. 

Contracts — Aneements between two 
or more parties to perform some act 
or pass property, etc., etc. 

Contributory NOgligenoe — Negli- 
gence in law on the part of any victim 
of an accident, disqualifying him from 
obtaining compensation from the 
employer or person responsible pri- 
marily for the accident. 

Copyhold Estates — Tenancies held 
from the lord of the manor and 
entered in the Court Roils of the 
Manor. 
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Copyright — The property in writings 
or paintings, etc., which prohibits 
their reproduction save at the will of 
the owner of the (copyright) property. 
Corporations — Bodies of individuaiB 
or shifting aggregates or institutions 
treated as single individuals as re- 
spects their powers to sue or be sued, 
but differing from individuals in 
tins that they are immortal. 
Counterfeiting — Making base imita- 
tions of the coin of the realm. 
Counterpart— The duplicate of a docu- 
ment — e.g.^ the lease, deposited with 
the lessor. 

Covenants — Glauses in a lease promis- 
ing to do or abstain from doing cer- 
tain acts and duties in connection 
with the tenancy. 

Curtilage — ^The same common fence 
surrounding a house and outbuilding. 
DAMAQK PCASANT — Any person 
whose property is injured by the 
cattle of another straying thereon, 
without any contributory fault of 
liis own, is entitled to seize the cattle 
and retain them until he has been 
compensated for the damage done. 
This is known as distress damage 
feasant.” 

Damnum Sine InjurlA — Damage 
caused without a wrongful act. 

Debt Judgment — Debt found owing 
by the decision of the court. Money 
owed as the result of a judgment of 
the court. 

Dedication of Highways— Devoting a 
thoroughfare (through spec! fled legal 
means) to the use of the public. 
Defamation — Blackening the charac- 
ter of another iierson, either by 
words uttered or wTitten. 

Default — Failure to appear in satis- 
faction of legal proceedings. 

Delivery — The legal passing of the 
property in goods. 

Demise — The granting of a term of 
years’ interest in property. 

Devise — Testamentary grant of pro- 
perty. 

Dissolution — Leaal termination of a 
contract — usually employed with 
regard to the contract of partnership 
or marriage. 

Distress — ” The taking, without legal 
iH'ocess, cattle or go^s as a pledge 
to compel the satlsfactiou of a de- 

the r^ess" of an injury.” (Wood- 
fall.) 

Domicile — Tlie place where a person 
has his permanent abode, and 
whither (wnen absent) he has an 
intention of returning. 

Drawee of Bill — The person in whose 
favour a Dili is drawn (drawee or 
payee). 

■ASKMKNT — A right over another’s 
land, under which some service or 
enjoyment is vested in a person who 
has no property in the land, and no 
right to draw any profit from It. 
Kioctment — Forcible expulsion of de- 
faulting tenants from house or land. 
Embezzlement — Robbery by a clerk 
or servant of his employer s money, 

Employers* Uability-^Responsibility 
of employers to compensate work- 
people injured In their service, by any 
cause other than the workman’s own 
fault, or the fault of a fellow-work 
man. 

Entail — The line of succession to land 
indicated. 

Estate Duty — The taxes required to 
be paid on succession. 

Execution of Judgment — Enforce- 
ment of decree of any court. 

Administrators — 
P®cer8 appointed under a will to 
fulfil the terms of the will and ad- 
minister (so far as required) the 
estate. 


PAOTORS— Agents employed and em- 
powered to buy and s^. 

Fee Simple — Practically absolute 
ov^rship of personal property. 

Fee Tall — A limited estate, or property 
in an estate. 

Felony — ” An offence which occasions 
a total forfeiture of either lands or 
goods or both, at common law, and to 
which capital or other punishment 
may be superadded according to the 
degree of guilt.” (Russell.) 
Foreclosure of Mortgage — Taking 
complete and actual possession of 
property upon which money has 
been raised, in defa\Ut of repayment 
of said sums. 

Forgery — Personating another through 
the means of counterfeited writing. 
Fraud — Wilful misrepresentation in 
entering uj^n an agreement. 
Freehold — Estates held In fee simple, 
fee tail, or for life. [q. v.] 

QRAOK, DAYS OP — Extensions 
allowed by law before a just debt, 
etc., becomes due after the actual 
date of repajrment has vested. 
Guarantee— The acceptance of the 
obligation of a third party to com- 
plete some agreement. 

HRAR8AY RVIDKNCR— Report of 
words used by a third party not 
present before the inquiry. 
Hereditaments — ^Inheritances applied 
to land. 

Heriot — Feudal ” service ” due to the 
lord of the manor on the death of 
the tenant. 

Highways — A way open and common 
to alt the King’s subjects. 
Hire-purchase — Payment for goods, 
the actual possession of which has 
passed already to the purchaser, by 
instalments. 

IMMCMORIAL USAQC — Custom 
which has obtained so long as the 
memory of man can extend back. 
Indorsement— Signature of payee (or 
drawee) acting as negotiation of the 
bill. 

Infants — Legal description of those 
who cannot enter Info contracts for 
reasons of age. 

In FormA Pauperis— Facilities for sue- 
ing or defending In courts of law 
where the suitor is too poor to 

Inhabit^ House Duty— A tax upon 
occupied houses, the Incidence of 
which falls npon the occupier or 
landlord accordlag to the rent paid. 
Inland Bill of Exchange— A bill both 
drawn and payable upon presenta- 
tion within the British Isles. 
International Copyright— Protection 
of literary property extending over its 
production in foreign countries. 
Interpleader — Process to ascertain real 
ownership of goods seized under a 
distress for rent. 

Intestacy — Disposal of the property of 
a deceased person who leaves no will. 

JmriaON— Throwlug cargo over- 
board to save the ship. 

Joint Tenancy — ^Two or more persons 
holding land in common. 

Judicial Separation —Legal status 
(short of the dissolutiou of the marri- 
age tie), pronounced by the Divorce 
Court, entailing living apart, but 
not entitling the parties to re-marry. 

LADIMCL Nll-L OF — Document con- 
taining description, etc., of cargo 
consigned to a ship. 

Larceny — Feloniously taking another 
person’s property against his consent, 
with a view to converting to use of 
the taker. 

Lien — Hold on property vested in 
persons having some claim upon the 
actual owner. 

Law comluded 


MALIOl — The conscious violation of 
the law to another’s detriment. 
Market Overt — “A fair or market held 
at stated intervals, in a particular 
place, by virtue of a charter or pre- 
scription. In the City of London 
every shop is, on every day except 
Sunday, a market overt for the Siue 
of goods usually sold therein.” 
(Chitty.) 

Memorandum of Association— Docu- 
ment demanded by law and contain- 
ing the terms governing the forma- 
tion of a limited liability company. 
Misdemeanour — Any crime less than 
a felony (q.v.). 

Mortgage— security given by a debtor 
to nis creditor, either on land or 
personalty, to safeguard the re- 
pa}rment of the amount owed. 
Mortmain — Transfer of property to 
any corporation as distinct from 
individuals or cluster of individuals. 
NKCB88ARIR8— Articles supplied to 
infants or married women which they 
are bound to pay for personally as 
essentials to their mode or condition 
of life. 

Negligence— Acts of commission or 
omission other than those likely to 
be done by a reasonable man. 

PAROL — Verbal as opiKised to written. 
Perjury — Swearing to what one knows 
is false. 

Personalty — Property in cash and mo- 
vables as opposed to realty (land). 
Privileged Communications— ].«tt6rs 
to solicitors from their clients, or from 
a person to any professional man 
who he is consulting, and concerning 
matters which it is the professiomU 
man’s calling to deal with. 
Procuration, Powers of— Delegating 
authority to bind another to agree-^ 
ments, etc. 

Promissory Note — A promise in writ- 
ing to pay certain sums, made without 
qualification or condition. 

RATIFICATION— Confirmation of any 
agreement. 

Receiving Order— Term used in bank- 
ruptcy for appropriating the assets 
of a bankrupt towards tlie payment 
of his creditors. 

Representations Fraudulent— State- 
ments ,«ha.rn.r>fiir mn/lft 


they would not make if they knew 
the facts. 

Repudiation — Refusal to complete 
terms of a contract, on the ground 
that said contract had been obtained 
by the other party by misrepresen- 
Ution, etc. 

Reversion— Possession of realty or 
personalty vesting after the death of 
the actual possessor. 

Rights of Way — Public capacity to 
cross private property at certain 
points [see easementl, 

RRI8IN — To become possessed of 
realty. 

Stoppage in Transition— The stop- 
ping of goods on their way to the 
perspective possessor ; for debt, 
and so on. 

Surety — Individual who accepts re- 
sponsibility for the performance of 
some obligation on the part of 
another. 

TORT8— Civil wrong for which one is 
liable civilly, but not criminally. 

Treasure Trove— Valuables, to which 
no owner can be traced, found either 
in public or private land. 

WRIT — Legaldocument used in process 
of civil and criminal actions, setting 
forth the cause of action and formally 
demanding the satisfaction olalmed 
by the plaintiff. 
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By JOSEPH G. HORNER 


The Lathe. The craft of wood-turning is 
very ancient. It was formerly done by a re- 
ciprocating mandrel, operated by a bow and cord ; 
or by an overhead spring pole, operated by a 
treadle. The bow and cord still survive in the 
East. All modern wood-turning lathes are fitted 
with continuously running mandrels. Lathes for 
wood-work are much plainer than those for metal 
turning, seldom comprising more than a plain 
ungeared headstock, a simple poppet, and a hand 
tee-rest. For some engineers’ ^rnttern turning, 
a plain slide rest is fitted and a large face-plate, or 
a special face lathe. But with these exceptions, 
and that of the ornamental turner, wood-turners’ 
lathes have no aids to supplement the work of the 
hands. The fact is, a skilful turner is more nearly 
independent of his lathe and tools than moat 
craftsmen, and excellent work is done by such 
men on lathes that would excite the derision of 
the engineer or the wealthy amateur. Wood- 
turning is one of the crafts in which manipulation 
is the sui)reme factor, one in which the essential 
tools are few in number, and very simple in 
character. 

A large, high-class lathe, much superior to those 
usually found in wood-turners’ shoj^, is shown ini, 
made by T. White & Sons, of Paisley. It is all 
of iron, while wood figures largely in much lathe 
construction. It is of large size, 12-in. centre, 
designed for pattern turning, and general utility, 
The following are the principal parts : the bed. A, 
having at one end the headstock, B, with the four- 
stepped cones, C, turned inside and out for perfect 
balance, and driven from the cones, D, on the 
countershaft, fitted with fast and loose pulleys. 
E is an iron face-plate, to which work can be screwed 
directly, or through an intermediary plate of wood. 
F is the fork, or prong centre. G is the loose poppet, 
or back poppet, or movable poppet, or loose head, 
and its centre is the hack centre. It is fitted for 
turning long tapers, as on columns, by utilising the 
cross- traverse movement provided. The tool rest 
commonly used is the tee-rest, H, with which 
nine-tenths of wood-work is done. But for long 
pieces, a slide-rest, J, is provided, comprising the 
tool holder on a cross slide, adjustable across the 
top of the saddle, which is fitted to the bed with 
vee’d edges, and an adjustable strip. The saddle 
is travelled up and down the bed by a rack, K, 
the pinion of which, L, is actuated through a pair 
of gears, N and O, by the lower lever handle, M, 
the upper handle being for the cross traverse. 
A nest of drawers, P, is formed underneath the bed 
to receive the tools, and a rack, Q, adjacent, receives 
face-plates. R is the hack hoard for tools in use. 

Wood-turning Tools. The principal opera- 
tions are performed with two tools only, the govge [2] 
and the chisel [8], each being used in three or four 
different sizes. Both are true cutting tools, both 
require practice and skill in their manipulation, 
but all conceivable shapes are outlined by deft 
handling of these two. True, there are many 
others which complete a turner’s kit, but they are 
only used for occasional finishing, smoothing, and 


correcting. All the roughing out, and by far the 
greater portion of the finishing also, are done by 
these two very simple tools. We will consider 
them and their work in turn. 

The Gouge. This [2] is like no other gouge. 
It has a considerable convexity of the cutting edge, 
the reason of which is to prevent, or to lesson risk of 
hitching or catching of the revolving work against 
one corner of the tool, which would hap{)en if an 
ordinary firmer gouge were used for turning ; or 
if the gouge were ground like 4 , instead of like 5. 
It is this rapid revolution of the work, with the 
centrifugal action, tending to knock the gouge 
away, that the turner, consciously, or instinctively, 
born of habit, always has to bear in mind. The 
beginner, after sundry hitchings, and damage to 
the work, his hands, or the tool, or all in unison, 
soon learns to present the gouge warily. The thing 
to remember is not to allow the work to catch in 
the sides of the gouge, but to do the cutting at and 
near the point a only. Bearing this in mind, 
faces that are perpendicular to the axis of rotation 
can be roughed down safely, the back of the gouge 
being held next the face being cut. Concave and 
convex portions are also easily out, the back of the 
gouge always lying next the face being turned. 

When turning a parallel, or straight portion, the 
gouge can be held straight forward [6] ; but, 
generally, more rapid reduction can be effected by 
turning with a diagonal cut, or sideways, changing 
the direction of cutting towards right and left 
alternately. Deeper cutting can be done by this 
device than by straight-forward presentation, 
though the latter is suitable for taking finishing 
cuts. To suit details of work of different dimensions, 
gouges are made in different sizes, from } in. to in., 
so that either fine details or heavy roughing down 
can be done by selecting suitable gouges. The 
handles of these gouges [2 and 6] will be noted as 
being characterised by much leverage. To this, 
in fact, they owe so much of their value. The 
workman is thus able to control their movements 
in opposition to the severe stresses caused by the 
revolution of the work. A firm grip is taken at 
the fulcrum — that is, the place where the gouge lies 
on the rest [6]. The gouge is gripped there between 
the forefinger and thumb of the left hand, while 
the end of the handle, gripped in the right hand, is 
kept in constant movement in arcs of circles to suit 
the nature of the cutting being done. In some 
cases the side of the gouge is presented, as in taking 
a finishing cut in a boro [7] ; 8 is a gouge used on 
the slide rest. 

The Chisel. This [8] is the only turning 
chisel with a doubly bevelled edge like that of 
the axe, though used in quite a different manner. 
It is presented and traversed against the revolving 
work, cutting shavings at and near the obtuse- 
angled end. The degree of pressure exercised is 
controlled by the hands of the workman. The tool 
is gripped on the rest [10] by the forefinger and 
thumb of the left hand, similarly to the gouge, 
while the right manipulates the handle. Like 
the gouge, the chisel will turn straight and convex 
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portions, though not concave ones, unless of large 
radios. The point to observe is that cutting must 
not be done far away from the point, a [9], and, Jsay, 
over one-third of the width from the point, nthw- 
wise the tool is liable to be caught, and damas^ 
the work. It can be used indifferently in right 
and left directions [11 J. The chisel, like the gouge, 
if used properly, leaves a very smooth surface. 
The acute-angl^ comer of the chisel fulfils the 
special function of cutting down perpendicular, 
or nearly perpendicular faces [12], ana of severance. 
Being so keen a wedge, it will cut deeply and 
•apidly, leaving the smoothest possible face. It 
cannot be used for turning like the other angled 
corner, but would be caught by the work if presented 
thus. 

Scraping Tools. Though the gouge and 
chisel are the sheet anchors of the turner, it is 
obvious that they cannot cover all details of work, 
and especially in 'pieces of large dimensions. Thus, 
a disc on the face plate cannot be turned and 
finished with the side chisel. For this a firmer 
chisel, acting as a scrape, must be used. A deep 
hole can be roughed with the gouge, and partly 
smoothed with the keen angle of the side chisel, 
but a true, smooth face must be finished with a 
side tool. A concave portion can be roughed with 
the gouge, and is often finished with it; but 
frequently it is finished with a round nose, especially 
in work of large diameter. These and some other 
tools act by scraping only. Hence, as scraping 
roughens up the grain, the object always sought 
is to do as much preliminary work as possible with 
the gouge, and take the merest film off with the 
scraping tools. Round nose and side tools are 
shown on page 4201, in group 22. 

Hard and Soft Woods. The relative 
utilities of scraping differ in the practice of turning 
hard and soft woods. It is done much more ex- 
tensively in the first named than in the second. 
The reason is that the grain of hard wood does not 
become roughened up nearly so much as that of 
.soft timbers. This, of course, is not an argument 
in favour of scraping, when turning can be done 
by the gouge and chisel. But when work is of a 
highly ornamental character, and of large dimen- 
sions, as in much of that done on the face-plate, 
the risks of hitching are lessened by the use of 
scraping tools. The harder the wood, the more 
nearly the conditions approach to the turning of 
the softer metals. Thus, Spanish mahogany is 
harder than baywood, and lignum vitas or box 
arc more suitably scraped than beech or birch. 
Also, dry, well-seasoned woods can be more readily 
scraped than moist and spongy stuff. So that 
there is room for exercise of judgment. When 
details have to be turned to exact dimensions the 
ftcrajies are valuable aids, because very minute 
amounts can be removed by their assistance. The 
hardwood turners, therefore, have a large assort- 
ment of scrapes for turning concave and convex 
jKirtions, for recessed work, right and left-handed, 
l^esides special forms of tools for internal shoulder- 
ings, etc., in some of which it would be quite 
impossible to use the turning gouge or chisel. 

All turned work may be classified under two heads, 
that done between centres and chttek work. 

Work Between Centres. This signifies 
that the piece to be turned is supported and revolved 
between the fast headstock and the loose poppet. 
It includes all pieces the length of which exceeds 
the diameter by so much as to require support 
besides that afforded by the headstock. Generally, 
such pieces are held and rotated by the fork or 
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prong centre. This is interchangeable with other 
chuclM on the mandrel nose. It derives its name 
from its fork or prong-like character. The end of 
the wood, if soft, is driven against it, or, in hard 
wood, a saw kerf is often made to receive it. The 
back poppet centre is entered imdily by screwing 
up the mandrel slightly. Occasionally other 
chucks are used to drive work between centres, 
but in most instances the fork is employed; 14 
shows a piec^o of wood roughed out with the axe 
preliminary to turning. 

ChucR Work. This signifies that pieces are 
held at the headstock end only, and without other 
support. Pieces the length of which does not 
greatly excee<l the diameter, or which are of less 
thicknesa arc turned thus. 

Face«plates. These are the principal chucks. 
They differ from those for metal turning in their 
greater simplicity, comprising only two forms, in a 
range of dimensions. One is the screw point chvck 
[15] — that is, the work is held on it by a central, 
short, tapered screw, having a coarse thread. This 
is sufficient to hold a small iiiece of wood, say, not 
exceeding 4 in. or 5 in. in diameter. Thick blocks 
— say, above 3 in. or 4 in. diameter — are generally 
secured in addition with a coujile or three wood 
screws put in from the back of the plate. 

L»arge Face-plates. 'jiiese [16] have 
countersunk holes for the attachment of work by 
wood screws inserted from the back of the plate. 
They are made in as large a range as the capacity of 
the lathe will admit. For very large face work, 
lathes are made either with a deep gap in front of 
the headstock, or the headstock is made to turn 
round through 90° or 180°, so that work can be 
taken as far down as the floor. In such cases a 
special rest is rigged up on a heavv floor stand, 
sufficiently massive to remain steoay under the 
stress of turning. In many cases the trouble of 
reversing the headstock is avoided by carrying the 
mandrel out at the rear to hold the large face-plate, 
so that it is always ready for use. Pattern-makers, 
as well as wood -turners, use these face lathes for 
wheel work of all kinds. 

Wooden Plates. The face-plates are made 
of iron, except in the very small sizes — say, under 
4 in, — ^for which brass is commonly used. But a large 
proportion of turners’ work, and much the largest 
in pattern turning, is done, not on the metal plates 
directly, but against an intermediary plate of wood 
screwed to the metal. The advantages are these : 
The wood plate can be faced up truly, while the 
metal plates often run slightly out of truth, due to 
wear on the thread. Turning can be done right up 
against the wood without inflicting damage on the 
tool ed^s. There is a slight elasticity in the wood, 
noticeable when taming, by comparison with turning 
done down close to the iron. But the principal 
advantage is that the wooden plates can be recessed 
to receive work for re-chucking centrally, often, too, 
without using screws, the friction of the work in 
its recess — or over a check standing out, in the 
case of chucking by a hole — being sufficient to 
retain it in place for light turning. In time, as a 
face-plate becomes turned down thus, a new one is 
substituted. Small plates are made of solid stuff ; 
but those over 12 in. to 18 in. diameter are built up, 
the plainest with batteuB* the largest with a cross 
and diagonals [17]. Much work is chucked, not 
directly on the plate, but on blockings screwed to 
it. The reason is, that plates of several feet in 
diameter are rather expensive, and would soon 
wear out if frequently recessedi The face is, there- 
fore, retained plane, and chuckings are> done on 



1. 12<-in. centre wood-turning lathe 2. Turning gunge 3. Turning chisel 4. Turning gouge improperly ground 5. Turning 
gouge properly ground 6. Method of holding gouge 7. Finishing with gouge in nole 8. Slide rest roughing tO(U 
9. Turning chisel 10. Method of holding chisel 1 1. Side chisel applied right and left hand 12. Side chisel cutting down 
an end 13. Fork or prong centre 14. Wood roughed for turning 15. Screw -point chuck 16. Large face-plate 
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temporary blocks screwed to the face. This is done 
in large gear wheels, pulleys, and rings of various 
kinds. 

There are some classes of turned work in which it 
is undesirable or inconvenient to insert screws, yet 
which must lie against a flat face-plate. Then paper 
joints are useful. These are adopted extensively in 
pattern tuming, and it is surprising how great a 
mass paper will hold. Newspaper is suitable. It is 
glued on both sides, one side going next the plate, 
the other receiving the work. On large pieces, 
narrow strips of pajwr at intervals are sufficient ; 
pieces of a few inches diameter may be carried with 
one piece of the same diameter. The joint is broken 
after turning by lifting the work with a chisel 
inserted in the joint, when the pa^jer splits into two. 

The Hell Chuck. The bell chuck is termed 
the cup chuck [18], and is used for some classes of 
work too small or too long for the face-plate, and 
also for pieces which have to l>e bored |7], or for 
objects that have to be turned and cut off in succes- 
sion [181. Boxes, cgg-cups, vases, are examples of 
the lirst ; drawer-knobs and cord-pulleys of the 
second. The wood is driven into the cup and holds 
by friction alone. The chuck is usually of brass. 

There are many very delicate objects which will 
not bear any driving into the bell chuck, or into a 
wooden chuck driven into the bell, and recessed to 
receive work. For such objects the spring chucks 
are valuable. Those are made generally in a hard 
wood, box being the best, sometimes also in brass. 
The body of the chuck, slightly tapered outside to 
receive a ring, is split by several saw kerfs cut 
radially nearly to the bottom of the chuck, and the 
metal ferrule is made to compress the body round 
the work by tightening it down the taper^ body. 
Turners make these for their own use in several 
diameters. 

Methods of Measuring;. The diameters of 
turned work are mostly taken with common calipers. 
When large numbers of similar pieces have to be done 
the calii)er8 are often fixed with a thumbscrew. A 
sizing tool [19] is also used with a guide at the back, 
for repetition parallel turning. 

Dimensions in the longitudinal direction may be 
taken with a rule ; but when quantities are done, a 
strip is generally used, having the various lengths 
marked across it, whence they are transferred to 
the work. In such cases the piece is roughed out 
approximately parallel to the largest diameters, 
and the lengths set off on the rotating piece. Then 
these are set in with the keen angle of the side chisel 
down to the various diameters, which are turned, 
and checked by the calipers. Every portion is first 
turned as a parallel section, after which the different 
moulding sections are shaped with the gouge and 
ot her tools. Compare 20 to 25. 

Templets. These afford much aid to calipers 
in repetitive work. They are cut from a thin strip 
of wood and tried upon the work [20] from time to 
time ns the final corrections are being made. A 
little chalk or red load may be rubbed on the edge 
to indicate the localities where contact takes place. 

Straight Shafts* When a long portion of 
turned work is to be perfectly straight, as in the 
shafts of columns and pillars, and in pattern pipe- 
tiirning, much time may be saved by first turning 
down at each end and in the centre to the cor- 
rect diameter, and then planing a flat along from 
end to end, forming a tangent to the diameters. 
This, being chalked or red-leaded, becomes a guide 
to rapid reduction of all the intermediate portions, 
which can be turned almost to size without stopping 


the lathe. It is then easy to finish with a side chisel, 
and correct, finally, with a firmer chisel. 

Steadies. When long, slender pieces are being 
turned between centres they wobble, and cannot 
be turned truly without support intermediate with 
the centres. These steadies are very plain by com- 
parison with those used by metel turners. Sometimes 
a rigid rod only is wedged between the ways of the 
bed, to be kept in contact with the back of the work ; 
but, generally, a block of wood or an iron bracket is 
bolted to the bed to carry either a vee-block or to 
receive semicircular blocks. A single vee-block will 
cover a moderate range of diameters, but semi- 
circular blocks will fit only one side. The practice 
is to turn down a j)ortion to the correct size, some- 
where about the centre of the length; grip that 
with the steady blocks, and then proceed with tlu» 
remainder of the turning. In very flimsy work the 
steady is shifted to two or three successive positions ; 
or more than one steady is used. Lubrication is 
necessary, or the friction between the work and the 
steady will cause smoking, and char the wood. 
Soft soap is the best material to employ. If a lathe 
is fitted with a slide-rest, then a travelling steady 
which follows the work behind the tool can be used, 
as ill metal-turners’ lathes. 

Square Turning. The principle of this is 
illustrated in 26. The art ic las to be turned are 
arranged round the periphery of two or more discs, 
which are driven between the centres, driving with 
a face-plate at one end attached to its disc, the 
other end being supported on the back centre. The 
pieces of wood are attached with screws, the lengths 
being in excess of the finished article, to allow of the 
portion with the holes to bo cut off subsequently. 
It ia not necessary to fill in the spaces between the 
pieces with a view to prevent breaking out of the 
grain by turning, but those who are not skilful in 
the use of the tools glue strips in, as shown at a in 
26. The blocks. A, in the illustration are simply 
distance pieces, by which the end discs are retained 
rigidly. Of course, the larger the diameter of the 
ends the less will the slight curvature duo to the 
radius be in amount, and generally such ends would 
have to be framed up with a cross and segments. 
After the faces have been turned corresponding with 
one position of the articles, they are turned round 
and re-screwed in successive fresh positions, until 
all four sides are finished. 

Ornamental Objects. The work of the 
geometrical turner requires special high-class chucks, 
and a special lathe. But very beautiful, effective 
ornamentation can be produced by the plain wood- 
turner by the repetition of similar figures, such as 
those shown in 20 to 25, and allied forms, for there 
is no limit to the combinations of curves and straight 
lines which are possible. Vases, flower-holders, 
candlesticks, watchstands, work about overmantels, 
toilet- boxes, eperraes, and much beside, can be so 
made, or enriched with ornament. Much may be 
done by turning rings the cross soction« of which are 
those of various geometrical figures, and cutting off 
arcs therefrom to form the tripod -legs for stands of 
various kinds, or for carved handles. These are 
turned on the face-plate, most figures requiring 
re-chucking ; objects of square, circular, octagonal, 
or fluted sections can thus be produced by turning. 

With regard to the finishing of wood wont, 
any of the usual preparations can be employed, 
according to the character of* the wood and the 
work — brush varnishing, French polishing, 
lacquering, painting. Inferior woods may 1^ 
stained previous to polishing. 
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By WAREHAM SMITH 


A DVERTISING is the art of creating a demand 
^ by publicity; it is to-day one of 5ie greatest 
forces of commercial life, and it is no exaggeration 
to say that millions of pounds are spent annually in 
applying the power. 

Advertising — the art of advertising — cannot be 
taught in the usual way. There are no text-books 
or acknowledged professors, and the attainment of a 
position in it« ranks does not entail an expensive 
course of instruction or necessarily involve a long 
apprenticeship. The qualifications are a strong 
personality, a sound general education, and a keen 
perception. There is no business that offers greater 
advantages to the man who can sec and grasp an 
opportunity. 

We have said that advertising cannot bo taught — 
nor can it. One may learn how to draw up an 
advertisement, what tyj)e to use, what space to 
buy, and how to buy it, and some useful hints are 
given in these pages on these points. You can learn 
a thousand and one things, useful and even neces- 
sary to know in the connection, but of themselves 
they ore not advertising — they are not the spirit 
of advertising. It is the argument — the happy 
thought — the bright idea — the smart catch phrase 
— the power of perception — the insight into 
human nature, that sell the goods, and these 
things cannot bo learned by rule of three. 

Placing Advertising Business. It will 
be as well first of all to enter somewhat into the 
conditions of the advertising business. An 
advertiser wishing to inaugurate a campaign 
arranges details as to space, price, position, etc. 
(a) with the advertisement manager of the various 
publications direct; or (6) he employs an advertising 
agent to make the necessary arrangements; or 
(c) ho places some contracts direct with the 
publisher, and some through an agency, as he may 
deem it expedient. 

Generally speaking, the business is apportioned 
in the following way : 

About nine-tenths of the total is done through 
advertising agents. The agents handle nearly all 
the business that is placed with daily newspapers. 
The monthly magazines accept a small amount of 
business from the advertiser direct. Of the adver- 
tising in the illustrated weeklies about 25 per cent, 
is arranged without the intervention of an agent. 
It will bo seen from this that the advertising agencies 
play a very important part in the business, and their 
position in the field is rather a peculiar one for the 
reason that although they work ostensibly in the 
interests of the advertiser they receive their re- 
muneration from the publisher. On all contracts 
placed by the agency the publisher pays a com- 
mission, varying generally from 10 per cent, to 15 per 
cent., according to the standing of hia publication 
and its power to command business. Various other 
arrangements are often entered into between pub- 
lisher and agency, such as an additional discount 
for cash or an extra commission if the business 
received exceeds a certain amount. There is no fixed 
rule, each publisher being a law unto himself in this 
respect, but 10 per cent is the usual commission paid 


by first-class publications. The agency is respon- 
sible to the publisher for payment for contracts 
placed by it, and is regarded as a principal, all con- 
tracts being made as such, and not as an agent for 
the advertiser. The position of the agency is analo- 
gous to that of a man serving two masters, and 
although. much controversy has arisen within recent 
times as to the efficiency of the system, still, as 
exemplified by first-class agencies, it appears to 
work satisfactorily. 

The Advertising Agent. It is not 

perhaps of particular importance for present 
purposes to enquire into the inner working of an 
advertising agency, but it is at least relevant to 
the subject, and digression in this direction may not 
be uninteresting. The agency acts : ( 1 ) as space 
brokers — that is, buyers of space from the publisher 
on behalf of the advertiser ; (2) as advertisement 
managers and advisers to the advertiser. 

In either case the commission paid by the 
publisher is the same. Some agency businesses con- 
sist entirely of the former, some the latter — others 
combine the two according to the requirements of 
individual clients. Generally one of two methods 
is adopted by the advertiser in prosecuting his cam- 
paign : (1) The organisation of an advertisement 
department under the control of a man who com- 
bines a knowledge of advertising with a study of the 
exigencies of the advertiser’s particular line of^ 
business, or (2) he places himself almost ( in some cases 
quite) unreservedly in the hands of an agency. 
In the former case he makes such arrangements as 
will, in his opinion, ensure that his business will be 
properly and profitably conducted. His advertise- 
ment manager is generally a man with an extensive 
knowledge of the art of advertising. He has learnt 
from experience what to buy in the way of space, 
and the lowest rates at which it may be obtained. 
He designs copy, or has in his department experi- 
enced copy- writers, and, being on the spot, he has his 
fingers on the pulse of the business, and should bo 
able to tell without loss of time when a pubb'eation 
or a particular advertisement fails to show a profit on 
the outlay. Almost invariably he employs an agency 
to act as space broker, to make the necessary arrange- 
ments with the publisher. By doing this he often 
saves time and money, the agency, acting for several 
advertisers, being frequently in a position to buy 
more cheaply ; and, on the ground that service is not 
required in any other direction, the agency fre- 
quently comes to an arrangement with the advertiser 
concerning the commission received from the 
publisher. 

Turning to the second method, the properly- 
equipped agency can and TOnerally does render very 
important service to the advertiser, whether his out- 
lay be large or small. It acts the part of an advertise- 
ment ’manager, and, in addition, brings to bear 
the experience gained by years of experimenting and 
observation made in the. interests of numerous 
clients with diverse interests. The agency maps 
out the oampai|;n, the publications to bo used, 
advises as to buy^ space, and secures best positions 
possible. It writes the advertisement copy and 
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booklets; executes illustrations, and makes the 
process blocks ; designs posters and sees that they 
are properly display^ ; organises where necessary 
a follow-up system; originates selling schemes; 
chocks accounts to make sure that the advertiser 
has received the space ordered and charged for, 
etc. 

In addition to the business of space broker and 
advertisement manager to the advertiser, the 
agency sometimes undertakes the duties of adver- 
tisement manager to a publication — that is, it takes 
over the whole of the advertising space in the 
journal. This is known as “ farming,” and the 
financial arrangement is either a commission paid 
to the agency on the advertising revenue it earns 
for the publisher, or the payment of a fixed sum 
by the agency for a fixed amount of space. 

These, then, are the conditions under 


minor headings should, if possible, be made no less 
significant than the title itself. Up-to-date news- 
papers and magazines contain in their editorial 
columns excellent examples of the use of attractive 
cross-headings, which the advertiser who desires 
to give life to his advertisement will do well to 
study and imitate. 

We now come to the most vital characteristic 
of a good advertisement. The announcement may 
be seen ; it may be read ; but if it fails to convince 
the reader of the merits of the commodity offered, 
and of the desirability of possessing it, all effort 
has been wasted. It is here that the art of the 
copy-writer comes into play. The qualities of 
good copy are so subtle that it would be hopeless 
to give any directions likely to help the aspirant. 
Suffice it to say that the best copy is clear with- 


which the business of advertising is con- 
ducted. A knowledge of advertising may 
be acquired in anyone, and applied to 
anyone. The defined tracks are — service 
with the advertiser, with the publisher, 
or, with the advertising agenev. For 
service with an advertiser a knowledge of 
the following subjects is required : the 
writing of advertisements (technically 
copy- writing) ; conditions governing the 
buying and using of space in the press, 
and outdoor publicity ; the buying of 
advertising material such as colour 
printing and show-cards; the weight of 
paper, etc. 

Copy-writing. The broad prin- 
ciples which must be followed, if adver- 
tising as a whole is to bo successful, and 
a particular advertisement is to fulfil its 
purpose, may be stated as follows : an 
advertisement must (1) attract attention ; 
(2) invite reading ; (3) carry conviction. 

Various devices are employed to arrest 
the eye of the reader. A distinctive 
border may be used with effect, but to 
rely on a border is to a certain extent a 
confession of weakness on the part of 
the text. 

Pictorial blocks also find favour with 
many, but the picture which has no 
relation to the text is open to the same 
criticism as that applied to the dis- 
tinctive border. If a block is used at 
all, the design should be an integral part 
of the advertisement as a whole. Such 
a block will serve a double purpose. It 
will arrest attention in the first instance, 
and will then fulfil the second require- 
ment of a good advertisement by draw- 
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1. EXAMPLE OP DUMMY ADVERTISEMENT 


ing the reader unconsciously to a perusal of the 
text. The same may be said of a pregnant and 
illuminative headline — a collection of words which 
gives, as it were, a slight mental shock to the 
reader, stimulates his curiosity, and makes him ask 
for more. 

The Heading. To invite reading, as we 
have just seen, an advertisement must in the first 
lace have a significant design or letter-press 
coding. After that, type-setting plays a very 
important part ; excessive display should be 
avoided, and a generous allowance made for white 
space. Typo of a smaller size set in an open 
manner will always present a more attractive 
appearance than type two or three sizes larger set 
so as to cover the whole space available. In 
order to sustain the interest of the reader the 


out being wordy, terse without being obscure, 
eloquent without being extravagant. 

To write intelligently, an intimate knowledge 
of the article is reouirod, its value from all points 
of view, what the ouyer wants to know about it ; 
and, equally important, what you want him to know. 
It should also be remembered that different subjects 
require different treatment ; a motor-car cannot 
be advertised in the same way as a patent medicine. 
The public, too, vary in class and temperament, 
and a successful appeal to one class may prove a 
failure to another if the same point of view is taken. 

The ** Dummy ** and its Usee. The copy- 
writer is furnished with particulars of the subject 
of the announcement and of the spaoe allotted. 
His first duty is to rule off on a sheet of paper a 
diagram exactly the dimensions of the proposed 
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advertisement. This sheet, which sjiould have a 
total area at least twice as large as that of the 
diagram, is known in printing o^ces as a dummy.** 
We shall assume that the copy-writer has drafted 
the text to his satisfaction, and that it now remains 
for him to adapt thd text to the space before him. 
For the sake of simplicity we shall sup|>ose that the 
advertisement will consist of letterpress ohly. 

How to MaKe Headings Attractive. 

The main heading first claims attention. Sufficient 
space must be allowed to enable it to stand out 
clearly. White space should be left either on one 
side or on both. The heading which runs across 
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2. ADVEBTISSMEKT SET UP FROM DUMMY 

the full measure of space allotted is seldom effective. 
The secondary headings, in which doubtless other 
important features of the advertisement find ex- 
pression, should next bo considered. The probable 
distance l^tween each should be calcuk^ted and 
oare be taken that no two of them come too closely 
together. Should this appear likely to happen 
there is nothing for it but to alter the intervening 
text. The positions of headings or display lines being 
thus more or less settled, these headings may 
sketched in on the ** dummy,*’ and the subsidiarv 
matter, or. to give it a simpler term, the '' story 
may now be dealt with. If the story be a long one, 


any attempt to write it in the space left between 
the headings on the “ dummy ’* wiU only give trouble 
to the unfortunate printer and result in typo- 
graphical errors. A much bettor plan is to have it 
written separately, marked off in sections A, B, C, 
etc., the spaces in the “ dummy ” which each 
section is to fill being marked correspondingly. 

The illustration [1] shows a “ dummy ” adver- 
tisement ready to hand to the printers, and 2 shows 
the same advertisement in type. At this stage the 
advertisement is known as a “ proof.” For in- 
structions in correcting proofs, see page 4193. 

Use and Abuse of Bold Type. The last 
point which falls to be considered is the choice of 
types. As a rule, this is a matter which may 
generally be left to the printers, if the copy is to be 
set in an office which is known to employ expert 
display compositors. It is a great mistake to 
insist on the use of bold type throughout. Bold 
type is all very well for headings, and even then 
it should be used with discrimination and in 
different degrees of boldness, otherwise one head- 
ing will kill the other. In the body, bold type 
should never be used except for one or two lines 
at a time which require special emphasis. The 
eye soon tires of following more than a dozen 
lines einjihasised in this manner. For different 
styles of tyi>e, see article beginning on xiage 6026. 

Some Devices of Display. The adver- 
tisement shown in “ dummy ” and in type is of the 
most straightforward character. The object has 
been merely to show the student how to prepare a 
simple announcement for the printer, and to 
initiate him into the more simple devices of display. 
These devices, indeed, are multitudinous in number. 
The rules and borders commonly found in a printing 
office can be employed in almost an infinitesimal 
variety of combinations. The art of creating new 
and original devices is a matter of experience, 
and not difficult to acquire. This leads us naturally 
to discuss the question of pictorial advertising. 

Pictorial Advertising. The term ** pic- 
torial advertising,” for convenience sake, will be 
regarded in its widest sense, being taken to include 
all desims used in advertising which have been 
created by an artist and reproduced by an engraver. 
A picture or design which has been reproduced by 
an en^aver for printing purposes is known as a 
“ block.” In regard to the value of blocks in 
advertisements there is some difference of opinion. 
Certain successful advertisers rarely or never use 
them. Others, again, depend almost wholly upon an 
appeal to the eye rather than to the intellect — much 
depends upon the subject. 

Varieties of Blocks. A block may be a 
reproduction of the article or articles offered for 
sale*; it may be symbolical of some idea which is 
the main-spring oi the advertisement ; or it may 
have no relation to the text, being introduced merely 
to arrest attention. The first Case is simple. The 
block should represent the article accurately, and 
without exaggeration, and too much emphasis 
cannot be laid on this point. The symbolical 
design or picture afford great scope to the 
ingenuity and imagination of the advertiser. The 
design which has no relation to the text is the least 
satisfactory form of pictorial advertising. It may 
serve to arrest attention, it is true, but it is quite 
possible that the reader who has been induced to 
turn from the latest news of the day to the con- 
templation of a picture of a beautiful woman may 
experience some measure of disgust when he finds in 
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the picture merely a device to bring before his 
notice some prosaic article. 

Blocks in common use among advertisers are of 
two kinds — line blocks and halftone blocks. For 
information concerning blocks and their making, 
see article Iwginning on page 6481. The advertise- 
ment student need not despair if he has no artistic 
talents — the actual drawing can be done by any 
artist. It is the idea in designs, as well as the 
text, that commands success. 


uuiiy aiiu weeaiy newspapt*r» ^jjuiiuuti niiu |uu- 
vincial), and j>eriodicals (weekly, monthly, and 
yearly) ; some popular, some devoted to a com- 
paratively select few, others to given objects. 
The selection depends entirely on the article to be 
advertised, and the amount of advertising appro- 
priation. Generally speaking, if the article is a 
popular one, the daily and weekly press are likely 
to prove the most mofi tabic. This is evidenced 
by the attitude adopted by most advertisers 
to-day. Of course, if the amount at the disposal 
of the advertiser permits, he can go very much 
further afield, his only care in any case being 
to ensure a profitable return for his money. News- 
paper advertising differs considerably from that of 
magazines. In the case of the former, it should be 
remembered that there are fewer and larger pages, 
and that each page carries a number of advertise- 
ments. The advertiser has the choice of an 
ordinary or preferred position, the latter lieing next 
editorial matter, and costs anything from 10 per cent, 
to 60 per cent, extra, according to the newspajw. 
Great care should be exercised with the copy 
intended for ordinary nositions, so as to secure a 
contrast with other aavertisements. Very much, 
indeed, depends on the intelligence of the printer 
or advertisement office clerk, as the ordinary 
po.sition advertiser is not allowed to dictate just 
exactly where his advertisement shall appear on the 
page. Several successful attempts have been made 
to print half-tone blocks in newspapers, but the 
result, at the moment at all events, is not to be 
entirely relied upon, and more satisfaction can \>e 
obtained from line blocks. If a half-tone is used, 
the screen should not be more than 60. 

At the beginning of a campaim especiallv 
large spaces are desirable. To the advertiser with 
a large appropriation and a popular article, they are 
always profitable. At the same time there are 
thousands of advertisers doing a good and steady 
business by the use of small spaces : much depends 
on the article — much more on the copy. The 
arguments in favour of newspaper advertising are, 
shortly : the price per thousand is low ; the returns 
are quick: it covers an extremely large field; it 
allows of topical advertising. 

Magazine Advertising. With regard to 
magazines, the chief point to remember is that 
the pai>er and printing allow of considerable 
pictorial effect, and this should be taken advan- 
tage of to the full. An artistic and striking 
design should invariably be used, and, other con- 
ditions being equal, the result is good. Here, 
again, it must be remembered that the advertise- 
ments arc placed together, mostly at the beginning, 
and some at the end of the book. The front and 
back covers are obviously good positions, and one 
or two preferred pages may be had. If the adver- 
t iscr can afford it, a whole page should be used, and 
a right-hand one if possible. The arguments in 
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favour nf magazine advertising are briefly : it has 
a long life ; it has generally a home circulation ; it 
allows of artistic pictorial display. 

Outdoor Publicity. In this branch of adver- 
tising the field is very wide indeed, and includes bill- 
posting, omnibus and tram advertising, railway 
advertising, boardmen (commonly known as sana- 
wichmon), signboards, and metal plates, window 
displays, circularising, etc. It is not within the 
province of these articles to indicate whether aryr or 


of advertising. As a matter of fact he rarely does. 
Here, again, much depends upon circumstances, 
and it is yet another instance of the fact that adver- 
tising is not “ rule-of-three ” work. Bill-posting 
bolds the foremost place in outdoor publicity, and 
is here dealt with. It is unnecessary to go into 
details concerning the many other campaigns, as they 
are comparatively unimportant. 

Hill-posting. Bill-posting is — and from the 
very nature of it probably always will be — a most 
difficult form of advertising to control, and for this 
reason it is apt to prove expensive. Posters, to be 
effective, require considerable skill, and no small 
outlay to produce — twenty thousand double-crown 
sheets (30 in. by 20 in.), in three colours, costing 
about £30 to ]>riut, in addition to which there is the 
designer's fee. The advertiser is at the mercy of 
the bill-posting men, and has, further, to take into 
account the vagaries of the climate, a bill often being 
put up one day and destroyed by rain and wind the 
next. Then, again» the employment of inspectors 
is generally necessary to ensure that the bills are in 
position. Much improvement has been noticed in 
recent years, however, as far as the human element 
is concerned. 

Hoardings are owned by different firms of bill- 
posters in comi»etition with each other. In Ix>ndon 
there are between fifty and sixty firms, but in the 
provincial towns the hoardings are held by one 
or two men only. 

The charge to advertisers is based upon a fixed 
sum j)er week per double-crown sheet. This covers 
the cost of posting the bill (which, of course, is 
supplied by the advertiser) on the hoardings, and 
renewing it as often as necessitated by the weather. 
The rental varies from IJd. per week down to Jd., 
and sometimes less. As the same price is generally 
paid wherever the location may be, it is obviously 
more profitable to the advertiser to pay greater 
attention to position than to price. 

The most convenient size bills for posting in the 
United Kingdom are vertical Ifi-sheet and horizontal 
8-sheot posters, the former being 10 ft. high by 
6 ft. 8 in. wide, and the latter 6 ft. by 6 ft. 8 in. 

Here, as in jiress advertising, the success or 
failure of a carapaim depends very largely upon 
the design itself. Foster designing is a thing 
which an amateur should not attempt unless he 
combines art of a very high order with his 
knowledge of advertising. It should be remem- 
Ix^red that very little in the way of argument 
is possible, the design must speak for itself ; the 
passer-by has not always the opportunity, and 
rarely the inclination, for absorbing argument. 
What the jxister wishes to convey must he conveyed 
at a glance or it fails in its object. 

Posters are used generally to strengthen a press 
campaign, although instances occur whore the 
advertiser relies solely on this form of publicity. A 
great advantage of the system is that advertising 



can bo localised, a consideration to the advertiser 
who wishes to concentrate his attention to a par- 
ticular district — theatrical enterprise, for instance. 

Much valuable information regarding billposting 
and other forms of advertising is contained in 
“Benson’s Facts for Advertisers,” published by 
S. H. Benson, Ltd. (lOs. (id. net.) 

Mail Order Business. Mail or post 
order trading is practised very much more exten- 
sively in America than in Great Britain, for one 
reason because the large shopping centres are far 
more widely distributed, and but for the mail order 
advertisers dwellers in remote districts would have 
to go without many little luxuries that they now 
enjoy. The system has much to recommend it to 
everyone but the local provincial trader, who views 
with some alarm the growing custom of his neigh- 
bours to si)end money, perhaps hundreds of miles 
away, that would otherwise und its way into his 
till. The remedy, of course, is for the local trader 
to .take up mail order trading. [See page 5930.] 

The careful student of the advertisement columns 
of the press will have observed that the popularity 
of this class of business is increasing. To the 
aspirant to honours in the advertising field, there- 
fore, the question of mail order advertising is of 
considerable importance, for, of course, advertising 
is the basis of the whole business. The watchword 
of the mail order advertiser should be “ now,” and 
his copy must convoy that impression to the reader. 
“ He who hesitates is lost,” and many an order or 
inquiry has been lost to the advertiser because of 
the hesitation of the reader. Goods must be des- 
patched now,” and inquiries answered “ now.” 

Mail Order Advertising. There are three 
distinct features in mail order advertising — the 
advertisement; the catalogue; and the follow-up 
system. The aim of the copy should be, of course, 
to sell a certain article, or obtain applications for a 
catalogue. If a comparatively small space is to be 
used, one article only should be advertised. Par- 
ticular attention must be paid to the block, which 
should portray the article in an attractive and 
pleasing manner, but with absolute truth. The 
price should be moderate enough to be on the face 
of it a bargain. Bear in mind that the object of the 
mail order advertiser is to cultivate satisfied cus- 
tomers — the selling of one article is a small matter — 
it is subsequent sales to which you will look for 
business. Every parcel despatched will contain a 
general catalogue, and such useful literature as 
you have prepared for the purpose. 

The catalogue is the big gun of the mail order 
trader. It must bo well got up, though not neces- 
sarily expensive. The blocks must be good and 
attractive, the type clear, and the arguments con- 
clusive, the whole leaving in the minds of the reader 
a desire to buy. Bear in mind that you have severe 
competition from retail traders all over the kingdom. 
Bluntly, your object is to deprive him of his local 
trade, to bring that trade to a centre — ^your estab- 
lishment. 

On the tradesman’s window depends much of his 
trade. Your catalogue is your window. See that it 
is well dressed. You cannot expect a purchaser to 
desert his local man without good reasons. See that 
those reasons are logical and clearly defined. 

Save your customer os much trouble as possible ; 
enclose simple self-measuring forms, if necessary, 
and always an order form, which should require 
very little ^ing up ; also printed addressed 
envelopes. In addition to the catalo^e, a nicely 
got-up brochure should be prepared, the object 
of which will be to interest the applicant for 
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catalogues in yourself, your business, your methods, 
etc., with illustrations of the promises, different 
departments, staffs at work, etc. This will create 
a valuable personal impression. If the public do 
not know you, they will know of you, and it all 
helps to instil confidence. 

The Follow-up System. The follow-up 
system is brought into use (1) to coax an appli- 
cant for a catalogue into becoming a purchaser ; 
(2) to sell further goods to a customer already on 
the books. The card index system is the only 
successful method for the purpose [see page 0520]. 
Below is printed a suggested card for the former 
purpose. 

Card No. 1. 

Name: Thomas Smith. 

Aidreis: 3, Wentworth Street, Leeds. 

No. ]. i No. 2. No. 3. 1 No, 4. Remfirka 

8/7 15/7 22/7 
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The card shows to exactly what use it should be 
put. The details can, of course, be altered to suit 
individual trades, the one given being intended to 
illustrate the method. The card should be kept 
under forward dates, so that as each date comes 
along the second or third follow-up can be des- 
patched. For instance, the catalogue is despatched 
on July let, the date is entered on a card which 
is put into a date file under date July 8th. The 
date file is examined every morning, and July 8th 
is reached automatically. Follow-up letter No. 2 
is then despatched, the date marked on card, 
which is then put forward to, say, July 15th, and 
so on. At the end of your system you will have 
either secured an order, or given the applicant up as 
hopeless. 

Follow-up LrOtters. There are divergent 
opinions as to the length, number, and charaoter of 
follow-up letters ; but there should be no two 
opinions as to how they are turned out. The letters 
are a personal matter between the advertiser 
and his correspondent, and should be written in a 
personal strain — as a letter, not a circular. To be 
effective, it is well to let the recipient think that 
your message is to him, and him only. With the 
up-to-date mechanical appliances now on the 
market, it is a sh iple matter to type in a name 
and address to match the body of the letter. 
Above all, the signature must be an autograph, 
A print, litho, or rubber stamp deceive few 
people nowadays. The employment of a few 
girls to autograph letters will well repay the outlay. 

The object of the follow-up letter is to establi^ 
personal relations — to put you on calling terms, 
so to speak. The letters must be consistent and 
continuous as to contents, and with increasing 
insistence, but not to the point of causing annoy- 
ance. Letter No. 1 is sent to cover catalogue, 
draw attention to the comprehensive character 
of the book, and suggest that recipient will find 
what he requires within its pages. In letter No. 2 
trust that catalogue was solely reoeived; assume 
correspondent undecided as to making purchase, 
although full particulars given of articles similar 
to that descriiM in original advertisement upon 
which application for catalogue was made ; dilate 
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a little on prices and quality, and hope to hear by 
return. In letter No. 3 express regret at not having 
heard; ask if there is any further information 
required ; suggest as goods are seasonable lines 
will shortly be out oi stock, and will not be 
replaced ; that it is a good opportunity to test 
value given at the emporium, the cost of the 
particular goods being so small ; the cold weather 
will shortly be setting in ; has corres}>ondent 
noticed the bargains in warm underclothing (or 
other topical allusion). In letter No. 4, after 
referring to correspondence, point out in strong 
sentences that goods are guaranteed to be as 
described, will be sent on approval — carriage paid ; 
that you please thousands of customers weekly, 
and have no reason to think cannot please corre- 
spondent. Perhaps particular requirements are not 
listed; catalogue of other departments enclosed. 
Try another topical allusion. 

The above are given to show the idea, and are 
probably more or less commonplace in themselves. 
Tlie follow-up letter gives unlimited scope for the 
display of individuality, and on this quality depends 
the success of the attack. 

Each successive transaction should be noted on 
card. These cards should be examined periodically 
to see if the customer has ceased to do business, 
and should this occur, as, of course, it must in time, 
a little follow-up series should l)e sent asking 
reasons, etc., and card should be taken from active 
file. This will avoid waste of postage, catalogues, 
etc., through sending to people who have removed. 

Card No. 2. 

Name: Tuomas Smjtii. Folio j 

Addregg : 3, Wentworth Street, Lcerla. j 


10/9/07 


Tracing Resulta from Advertising. 

This is technically known as “ keying.’’ A key 
ii a special mark, appearing in the advertise- 
ment which, when answered, shows at once the 
mt'dium which produced it, and it can bo extended 
to show the particular copy used. 

Presuming the name and address of the adver- 
tiser is W. A. Baxter, 14, Fenchurch Street, 
London, E.C., variations could be made as follows : 

H. A. Baxter (a different initial for each paper), 
or — 

W. A, Baxter, 14 a Fenchurch Street (different 
letter to number), or — 

W. A. Baxter, Dept. A., 14 Fenchurch Street 
(different department letter). 

Different combinations can be used to distinguish 
particular copy. Every envelope containing an 
order or application for catalogues should be 
scrutinised for distinguishing signs, and a careful 
record kept in a book ruled as follows : 


For Catalog UK ArpLicATioNS (left of book). 

Sub- 


DAte SpAce 
of of 


Copy 

UMd. 


sequent 
oostpir o* 

Won. follow-up 
system. 


DruECT Sales (in right of book). 


ToUl 

value. 




A most reliable clerk should bo placed in charge 
of the book, and the advertiser, or his advertisii g 
manager, should watch it closely. Directly a 
medium fails to produce profitable results, a strict 
inquiry should ne made and, if necessary, the 
offending sheet cut off at once. 

General Advertising. The advertiser 
who trades through the retailer invariably, at the 
beginning of his campaign, backs his adver- 
tising with a “ selling ” scheme in order to get h'S 
goods stocked. As a particular selling scheme is 
rarely used more than once, there is no object in 
dealing with the subject here. Such schemes can 
be thought out only after careful consideration of 
the conditions governing the particular trade in 
view, and the advertising man who can originate and 
carry through a good scheme is eagerly sought after, 
and commands a high remuneration. 

At the beginning of a campaign the press advertis- 
ing should be of an educational nature. A series of 
talks on the why and wherefore of the goods, written 
in good telling language, and set in plain, easily- 
read body tyj>c with little display besides the 
heading. The pictorial designs and fancy borders 
will follow after to serve as continual reminders. It 
should be remembered that designs consume much 
space, and only a little letterpress can be included — 
see that that little is good and to the point. It is 
impossible in the space at our command to give 
further specimens of advertisements, or examples of 
copy- writing. The student has the whole of the press 
before him to use as text-books, and a study should 
bo made of the announcements put out by the 
many prominent adverti-sers of to-day. A habit of 
advertisement reading should be cultivated, and 
close study will soon indicate the line to bo adopted. 

To Obtain a Position. As in other walks of 
life, luck must enter somewhat into this matter. 
On leaving school, and especially if influence can- 
not be brought to bear, the young man is often 
obliged to take the first promising berth that is 
offered to him, but he can mfluenco his destiny very 
much by continually being watchful for an opening 
elsewhere. If he has a gift for copy-writing little 
difficulty need be experienced. In tWse days copy- 
writers are in great demand, but the work must 
show signs of genius to earn appreciation. A good 
plan is to study as far as is possible from the outside 
the business of different advertisers, and to submit 
the advertisement personally. The common 
mistake should be avoided of putting a price on one’s 
work until it has been accepted. In the case of 
a mail order proposition the advertisements should 
be offered on the “ no cure no pay ” principle — that 
is, if the advertisements fail to produce results they 
aisfi not to be paid for. An offer of this kind will 
create confidence, and should the designs be 
successful more will be requested. 


Business Management concluded 
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THE STAGE 

Broadly speaking, actors resemble poets in that 
their gifts come direct from nature, and only to a 
limited extent is their art a thing of schools. There 
are many critics, of course, who object entirely to 
the word “ art ” being applied to acting, and it is 
no doubt true that any art which relies so much on 
the physical personality of the artist is not entitled 
to rank high ; but, with this limitation, a good case 
may be m^e for the art of acting. We have here, 
however, no space for academic discussion, and must 
confine ourswves to a very brief and practical 
consideration of the qualities necessary for success 
on the stage and the means whereby these may be 
brought into use. 

The Efforts to Teach Acting. Schools 
of acting innumerable have had their little day 
and ceased to bo, from Macklin’s school, whence 
came Foote and Dr. Aaron Hill — who also tried to 
found an “ academy ” — and Sheridan’s more am- 
bitious, but more visionary, ** oratorical academy,” 
to the different projects associated with the name 
of the late Sir Henry Irving. Doubtless, long before 
Macklin and Sheridan, enthusiasts set up dramatic 
schools, and long after the present generation has 
disappeared enthusiasts of the future will be 
wasting their time at the same futile business. 
For there is no gainsaying that the only good 
school of drama is the stage itself. It is true that 
on the Continent dramatic teaching has long 
obtained, but the best judges are agr^d that the 
methods of the Th^&tre IVan^ais applied in England 
would do more harm than good. It is all in the 
best interests of English acting that the notion that 
an actor can be taught should be consistently 
discomaged. There is, perhaps, no calling for which 
the impulse must be accompanied by natural 
aptitude to the same degree as that of the actor ; 
and we would have the aspirant understand, in the 
most unmistakable manner, that, lacking this, no 
amount of hard work, no amount of intellect, will 
help him to success ; and, equally, possessing it, 
success is most elusive and less to lie reckoned upon 
here than in any other profession, while, once 
secured, it is more difficult to maintain. 

It is true that in the case of women, good looks and 
a commanding figure may help in these degenerate 
days to secure success on the stage. We have in 
mind at the present moment a lady whose name is' 
familiar among the eminent actresses of to-day, 
whose photograph is vastly popular with collectors, 
who is never out of an engagement, and, beyond 
looking handsome, and walking across the stage with 
some degree of gracefulness, ^e is utterly destitute 
of the slightest dramatic ability. There are others 
in like case, and the serious student will have these 
awful examples always to remind him or her that 
there is something rotten in the state of the stage ! 

Adult Acting and Child-play. The 

natural gifts that are essential to good acting 
have been in the possession of each one of us, but 
we have not all succeeded in retaining them. The 
Carnatic instinct is born in every human being ; 
a great deal of child-play is essentially acting, and 


excellent acting sometimes. But most people, as 
they leave their childhood behind, leave with it the 
land of make-believe, become self-conscious, and 
cannot at will subordinate their own personalities 
to those of imagined characters, which in childhood 
they had done almost as an act of faith. The actor 
has to be consciously unconscious, sq to speak ; 
he has consciously to imitate the gestures and 
attitudes which, in a child, are the result of no 
artistic effort ; he has to be as “ natural ” as the 
child by means of consummate art ; he has to 
appear to believe in fictions of the brain in which 
the child actually believes. This faculty, which is 
far more rare than people are apt to think, is some- 
what vaguely defined as “ dramatic instinct.” It 
follows, therefore, that a technique of acting can 
only begin by assuming the presence of this faculty, 
and in its al^nce all is vain. 

The Essentials of Good Acting. 

Assuming that the aspirant has dramatic instinct, 
which involves a natural feeling for the display of 
emotions, a ready sympathy for the distinguishing 
traits of character, and the power of expressing 
feelings with some dramatic conviction, there 
remains much that may be done by study, and 
something also by instruction, in order that the 
dramatic talent may be developed to the fullest 
extent. Lloyd, in his poem, “ The Actor,” very 
justly observes : 

” To this one standard make your just appeal. 
Here lies the golden secret : leabn to feel. 

Or fool, or monarch, happy or distrest, 

No actor pleases that is not possessed,^' 

But even so, the poet points out further on that 
feeling is not enough : 

” The player’s province they but vainly try 
Who want these powers — Deportment, Voice, 
and Eye.” 

That is to say, having derived from nature the great 
and essential gift, one must turn to art for the 
means of applying that gift to the best advantage. 

The Actor must ** Feel His Part. 

Perhaps feeling might be given forty points, and all 
the other qualities together, sixty ; but feeling is 
precisely the quality in which the ruck of our actors 
are deficient. It alone can give intelligence and 
consistence to the reproduction of a character on 
the stage or the interpretation of a sequence of 
emotions. “ I cannot simulate suffering without an 
honest sympathy with it,” says Mrs. Bancroft. 
“ I hold that without great nervous sensibility no 
one can act pathos ; it is impossible to feel the 
sentiments one has to utter, and but half the author’s 
meaning can bo conveyed. It is a casket with the 
jewel absent. The voice in emotion must be 
prompted by the heart, and if it is ‘ out of tune, and 
harsh,’ why, then indeed, the voice is ‘ like sweet 
bells jangled.* Art should help nature, but nature 
must help art.” The celebrated actress puts the 
matter very clearly in these words, which indicate 
that a deep and abiding interest in one’s fellow- 
creatures is an essential characteristic of the good 
actor. 
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Studying Others and Ourselves. 

“ The proper study of mankind is man,’* and 
assuredly this is a maxim that must ever be in the 
mind of the actor. Not only must he study and 
sympathise with his fellow-men, but, as Lewes 
remarks in his classic on acting : “ Wo are all spec- 
tators of ourselves ; but it is the peculiarity of the 
artistic nature to indulge in such introspection even 
in moments of all but the most disturbing passion, 
and to draw thence materials for art.” This is well 
illustrated in the confession of Talma, the great 
French actor, when he says : “I have suffered cruel 
losses, and have often been assailed by profound 
sorrows ; but after the first moment, when grief 
vents itself in cries and tears, I have found myself 
involuntarily turning my gaze inwards, and found 
the actor was unconsciously studying the man, and 
catching nature in the act.” It is thus that great 
acting becomes possible. A tailor’s dummy or a 
dressmaker’s model would be quite sufficient to study 
for many of the actors and actresses who cumber 
the English stage to-day. 

(liven great natural gifts of sensibility, a rich, 
passionate natuie, strong sympathetic voice and 
expressive features, but above all an utter absence 
of self-consciousness, it is surprising how physical 
defects may l)C overcome. Many famous actors, 
such as Betterton, Garrick, and Macready, trium- 
phed thus over physical inequalities ; but a pleasing 
personality is also greatly to be desired, though 
beauty of feature is by no means essential, as it is 
notorious that most of the great actresses have been 
plain women : and in the strong light of the stage a 
plain woman often looks better than one who is 
naturally beautiful. This, however, touches the 
question of ” make-up,” at which we shall arrive 
in due course. Of first importance after the 
qualities we have already mentioned is the art of 
speaking. It is doubtful if there is a people, other 
than the Americans, who speak, on the whole, more 

stage is immeasurably behind the French stage, and 
this is one of the elements of the actor’s art that 
can be taught. 

Elocution or Effective Speech. Some 
there are to whom a clear and effective manner of 
speech, with a good range of voice, which almost 
unconsciously they can jjitch to suit the hall or 
theatre they are speaking in, has come as a direct 
gift of nature. But they represent a very small 
minority, and it may be taken that most aspirants 
to the stage or platform, however good their natural 
speaking voice may be, would be the better for a 
thorough course in elocution or voice production. Into 
the matter of elocution the personal equation enters 
so largely that it is not possible to lay down any hard 
and fast rule which would bo of equal service to all 
beginners. That might be done, and has, indeed, 
been done, with some measure of success in a long 
treatise, but nothing can quite take the place of a 
course of study with a master, who is watching 
every characteristic of the student, correcting his 
faults and leading him gradually to the full 
exercise of such powers as he possesses. Provided 
the student is already endowed with the histrionic 
qualities enumerated above, a course of voice- 
production might with advantage take the place 
of the ordinary lessons in elocution, as there is 
a tendency in the latter to leave the student 
with some mannerisms acquired from the master, 
and this, unless it is strenuously resisted, may be 
disastrous. 
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While we are all for the “ natural ” in acting, it is 
imperative to remember that natural acting is not 
the mere reproduction of everyday speech and ges- 
ture. Heaven forbid ! Shakespeare’s plays hold the 
mirror up to Nature in a way that is at once the 
admiration and despair of all modern dramatists ; 
yet his characters, throbbing with human passions, 
are made to declaim their emotions in blank verse 
such as no human being ever spoke in actual life. 
Hero is the poet’s art ; he enthralls us with the 
beauty of his diction and the reality of his creations. 
So should the actor aim at perfection in his speech, 
which, carefully studied and polished, will b^ no 
absolute resemblance to the ordinary speech of dafly 
life, but will yet, by its charm and natural delivery, 
produce in the audience the agreeable feeling that 
it is ” true to life.” 

Importance of Emphasis and Pause. 

After having understood his author — which is, of 
course, the first duty of the actor — he must next 
make clear his author’s meaning, for, os Tennyson 
says, ” Words half reveal and half conceal the soul 
within.” A word may be made to convey just as 
much or as little as the speaker determines ; hence 
the need for him to know precisely what he wishes 
it to convey. Thought must precede and regulate 
the utterance. ” Emphasis and pause,” says I^wes, 
“ are, indeed, the supreme difficulties of elocution. 
They are rarely managed by those w'ho read blank 
verse, even in a room, and on the stage the diffi- 
cultj' is greatly enhanced. Nevertheless, no one can 
]>retend to be an actor of the jK)etic drama who 
ha.s not mastered this art, although in the present 
day it is like many requisites, badly disregarded, 
and we hear the noblest verses spouted (not spoken) 
with the remorseless indifference of the actor who 
announced himself thus : ‘ ’Tis I, my lord, the 
early village cock! ’ ” Colley Cibber also observes 
justly that ” the voice of a singer is not more strictly 
ty’d to time and tune than that of an actor in 
theatrical elocution.” 

“The Art of fading and Speaking,” illustrates 
very effectively the importance of proper emphasis 
thus : “On the right management of emphasis 
depends the very spirit and life of good speaking. 
If no due emphasis is placed on any words, not 
only is our speaking heavy and lifeless, but there 
is no intelligent meaning thrown into what we speak 
or read. Let us take a simple question : * Do 

you ride to town to-day ? ’ These six words are 
capable of no fewer than four different meanings. If 
pronounced thus, ‘ Do you ride to town to-day ? ’ 
the answer may be, ‘ No ; I intend to send a 
messenger in my stead.’ If thus : ‘ Do you 

ride to town to-day ? ’ the answer may be, ‘ No ; 
I intend to walk,’ ‘ Do you ride to toum to- 
day ? ’ ‘ No ; I intend to ride into the country.’ 

‘ Do you ride to town to-day ‘ No ; but I shall 
do so to-morrow.’ Thus the whole force of an 
expression may depend on a word, and we may give 
our hearers quite different views of the same 
sentence by placing the emphasis differently.” 

It may be thought that those niceties of detail are 
scarcely necessary whore one has mastered the sense 
of the words to be spoken, but that is as great a 
mistake in acting as depending upon “ the inspira- 
tion of the moment,” which Lewes very happily 
likens to trusting to a shipwreck for one’s nrst 
lesson in swimming. Perhaps the crowning diffi- 
culty of elocution, which nothing but constant 
practice will overcome, is the need to be slow while 
not seeming slow, “ to speak the phrases with such 
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distinctness, and such management of the breath, 
that each shall tell yet due proportion bo main- 
tained,” as hurry destroys all effect, and is the hall- 
mark of the incompetent actor. Even Garrick in his 
early days had not attained proficiency here, and, 
having failed to study his breathing, came near to 
jailing his greatest scene on his first appearance. 
On the whole, we urge the aspirant to stage honours 
to make a most careful study of voice-production. 

Gesture on the Stage. Following the 
mastery of the art of speaking, and intimately 
associated therewith, is the consideration of gesture. 
Here, again, our national characteristics have to 
be overcome, as there is so little natural grace in the 
gestures of English people that on the stage 
actors are apt either to be deficient in gesture or 
to overdo it. Hamlet’s address to the players is 
the supreme classic of advice on the subject, and 
there it will be remembered the actor is advised to 
” suit the action to the word,” but equally “ the 
word to the action.” He is also warned against 
excessive gesticulation in these words: “ With this 
especial observance, that you o’erstep not the 
modesty of nature ; for anything so overdone is 
from the purpose of playing.” A visit to almost any 
London theatre to-day will show that, impeccable 
though Shakespeare’s advice undoubtedly is, sur- 
prisingly few have profited by it. The annals of the 
stage from Betterton to the present day arc full of 
stories illustrating the errors of even great actors 
in the important art of gesture. When one reads, 
for instance, of the extravagances of Quin, it is diffi- 
cult to understand how he came by his reputation. 

Even Garrick never quite conquered the art of 
“ repose on the stage,” and Macready only achieved 
it by the most rigorous training, such as reciting 
violent scones from Shakespeare’s tragedies with his 
arms bandaged, so that his tendency to over- 
gesticulate might thus be overcome. “ The easier an 
actor makes his art appear, the greater must have 
been the pains it cost him.” Let all aspirants bear 
these words of Macready in mind. We have seen 
many books illustrated with numerous diagrams 
purporting to teach the whole art of gesture, but we 
cannot recommend any, and, except certain rules 
for walking upon the stage, which may be imparted 
to the student or acquired by him from observing 
graceful actors, there is nothing that can be set 
down in writing beyond the words of Shakespeare : 
“ Let your own discretion be tutor,” and “ do not 
saw the air too much with your hand.” Of course, 
all exercises of the limbs, such as calisthenics and 
dancing, should be undertaken by the would-be 
actor, as they tend to impart grace and suppleness 
of the body, and if there is an intelligent mind 
controlling that body, the result cannot help being 
satisfactory. 

Costume and ** Make-up.*’ We come now 
to the question of making-up, but can only touch 
upon this in the briefest possible way, as nothing 
but experience gleaned from ” old stage hands 
will help in the details. It is an art in which the 
modern stage is vastly in advance of the days of 
Garrick or Macready. Actors of our generation 
liave largely thrown off the traditions that used 
to rule in the matter of costume and make-up. 
For generations Shy lock was played in a rod wig. 
Edmund Kean was the first to break this tradi- 
tion, which originated from the belief that Judas 
was a fair Jew. Macready was probably the last to 
observe the old custom of wearing a plume of 
feathers, long thought to be indispensable to the 
leading figure in a tragedy. The red wig stiH lingers 
in the make-up of the country bumpkin, but, 
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broadly s{)eaking, the stage is now rid of all stupid 
conventions in the matter of costume, education 
and travel having made such inappropriate dresses 
as Garrick wore in Shakespearean parts and foreign 
characters quite impossible. Thus, in the matter 
of costume no advice beyond the dictates of common 
sense and historical accuracy is required ; but in the 
make-up of the face there are still many actresses, 
though chiefly those of no importance, who require 
to be reminded of these words written by the late 
Lady Martin (Helen Fauci t) many years ago : 
“ When the skin is covered with what is in fact a 
painted mask, the colour, which, under strong 
emotions would come and go, is hidden under it, 
and the natural expression of the countenance 
destroyed.” 

Prospects of Success. Having every 
qualification for success on the stage, the aspirant 
may still find himself faced with nothing but 
failure. As already hinted, it is not always genuine 
ability that leads to success, but we have not the 
space here to deal with the varied causes which 
make the life of the player a greater lottery, and, 
on the whole, a source of less satisfaction than 
that of any other professional. The theatrical 
world swarms with undesirables, with harpies, and 
with sharpers ; and the path of the aspirant is, in 
consequence, full of pitfalls. The real tragedies of 
the stage-door are often as poignant as, and 
infinitely more numerous than, the mimic tragedies 
of the stage. We can, therefore, only advise 
aspirants to act with the greatest jwssible caution 
in any dealings with “ theatrical agents,” and to 
endeavour rather to get into touch with the 
managers of provincial companies. 

The Best Fields for Aspirants. Time 
was when the avenue to success was clear and 
unobstructed to all who had the talent. That 
was in the old days of the stock companies, when 
in all the large towns theatrical managers employed 
permanent companies of actors who could support 
any ” star ” from London in whatever repertory 
he or she chose to give the local playgoers. These 
stock companies, and the old ” circuits,” were the 
training ground of the Victorian stage, and produced 
many of our most famous actors, not a few of the 
” older hands ” of the present day having graduated 
from them. But, unhappily, the modern system of 
flooding the provinces with “ touring companies,” 
that merely give imitations of London successes, 
has ruined this most excellent training ^oiind 
for the stage. An actor of very limited ability can 
pass muster for a few years, and possibly have an 
enjoyable life meanwhile, as an intelligent .parrot, 
repeating to provincial audiences imitations of 
Liondon acting ; but this is not training nor ex- 
perience worth having for the serious aspirant, 
and in the end it is a very i>oor life indeed. There 
are a few repertory companies, such as Mr. F. R. 
Benson’s and Mr. Ben Greet’s most excellent 
Shakespearean and “ old comedy ” companies, that 
provide the young actor with a good substitute for 
the stock companies ; and proof of the value of such 
companies, which tour the provinces with consider- 
able repertories, changing their bill almost every 
night during a fortnight, is seen in the fact that 
many of the leading actors on the London stage 
to-day have been trained in these rejjcrtory com- 
panies. It is to companies of this kind, where, 
instead of playing the same piece for three years on 
end, the young actor will have constant and re- 
freshing change of parts, that the aspirant should 
direct his attention. Needless to say, the amateur 
dramatic society is a most useful first step 
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in the direction of a stage career, and enables a 
person of sense and sensibility to ascertain whether 
or not he has any aptitude for the art. 

We cannot but confess that, if asked to advise 
anyone on the adoption of a stage career, the 
lierson of discretion with knowledge of the thea.trical 
life is bound to say that if one can find profitable 
occupation in any other branch of work, one 
would do well to leave the stage severely alone, 
and to young women this applies with especial 
emphasis. 

Playwriting. Here we can only touch 
very briefly on the subject of play writing, as 
it is not at all probable that any student of 
the Self-Educator will look to it for assistance 
in the writing of a play. Although we have many 
examples to the c;ontrary, there is little doubt 
that a practical knowledge of the stage is of 
great importance to the dramatist. Mr. Pinero, 
Mr. Jerome, Mr. Brandon Thomas, and many 
other successful dramatists, have begun their 
careers as actors. It is worth w'hile remembering 
also that many of the Elizabethan dramatists, 
including Shakespeare himself, were actors also. 
The ability that makes of a man a successful 
novelist might be of very little value to the making 
of a playwright : but the income that can be earned 
by a popular dramatist is so great that there are 
few novelists of note w'ho have not made a bid 
for stage success, and not one in a score has suc- 
ceeded. If one has the ambition to write stage 
jjays, it would, therefore, l>e well to secure some 
practical knowledge of the stige in any sort of 
company as a preliminary step. But so far as the 
actual writing is concerned, we fear that only a 
laborious study of published yilays — classic and 
modern — will help to a mastery of techni<iue, and 
after that there is a pressing need of some original 
inspiration. Given the latter, one might succeed 
even witli bad technique, but without it the best 
technique in the world could not j»revent failure ! 

THE BUSINESS SIDE OF 
AMUSEMENT 

Bv Algernon Rose 

The degree of enjoyment is governed by the 
capacity to appreciate. Thus, the habitual theatre 
or concert-goer in a city becomes more and more 
critical. He is not content unless the ])erformance 
possesses artistic excellence. In small provincial 
towns people are less fastidious, and audiences w'cl- 
come less accomplished j>erformers. Great talent, as 
long as it draws, may, in a big town, demand its 
own terms ; but mediocre ability must take what 
it can get. 

Acrobats. The term acrobat applies, chiefly 
to equilibrists, contortionists, and trapezists. Since 
1894, the law in Englanii has prohibited the training 
of children os acrobats before the age of sixteen, 
except by their own father. Trainers, in consequence, 
have removed chiefly to Brussels and Antwerp. 
Inhere, children of tender years are put through 
many cruel exercises in order to give abnormal 
flexibility to their Imnes and muscles. Acrobatic 
talent often runs in families. The members will 
praedise ])er8everingiy together and work at certain 
tri'jks for many years before exhibiting in public. 
This has been the case with the famous Craggs — the 
father, who was self-trained, teac^bing his flve sons 
and one daughter many extraordinary feats. 

There is as much difference between an ordinary 
tight-rope dancer and such flnished yjerformers as 
the Craggs as there is between a “ pianist ” who 
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“ vamps ” an accompaniment and Paderewski. 
While the remuneration in one case may be 58., in 
the other £50 a night may not suffice. In this class 
of entertainment, certain names stand out above 
all others, even as those of a few musicians appear 
as Tritons amongst thousands of struggling minnows. 
There were possibly many acrobats able to balance 
themselves as well as Blondin. He was recognised 
— they were not. In like manner Leotard could 
ascend and descend an immense spiral, balancing 
himself on a large ball. He obtained a vogue, and 
a consequent bigness of salary which others failed 
to get. Amongst many clever jugglers with inani- 
mate objects we find the personality of Cinquevalli 
eclipsing that of his rivals, and his dexterity in 
accomplishing the apparently impossible exciting 
the interest of vast multitudes. 

Trapeze Work. When we come to trapeze 
work, tne names of the Leamys are remembered 
everywhere. Although the safeguard of the net 
has made such performances less dangerous than 
they were, emulation has increased proficiency. 
The best traj>eze work of to-day excels that of 
twenty years ago. Trick bicycle riding, balancing 
on the back in Japanese fashion, equestrian 
feats, and strong- man business, if remunerative, 
fle|)end not alone on jjerseverance, daring, and 
ability to do what is undertaken, but on the gift 
})os8esscd by the j)erformer, or leader of the troop, 
to <*onvince those who give engagements that the 
entertainment offered will attract powerfully and 
more than justify the terms demanded. The 

management ’’ of a hall have an unsympathetic 
way of regarding art. They estimate the precise 
amount in cash that each turn will “ draw.” 
This applies equally to the greatest concert per- 
formers. From a business point of view, Caruso 
or Melba are “ good for ” so much. It is a mathe- 
matical problem. Reckoning 21 in. os the space 
each |>erson in the house will occupy, if a certain star 
will “ draw ” a specified number of people, and the 
auditorium “ holds ” a given sum, the foe to leave a 
tangible profit cannot exceed a certain limit unless 
a larger building is t'Uken and a greater risk incurred. 

Advertising. It is well known, in dealing 
with the commercial side of amusements, that the 
clevere.st artist frequently posseases least aptitude 
in financial negotiations. If he gets big terms he 
is indebted for them to the ability of nis agent. 
Where, however, as in the case of Sarah Bern- 
hardt or Adelina Patti, artistic and commercial 
talent are almost equal, the way in which the 
former is aided by clever r^lame considerably 
enhances in public estimation the status of the 
individual. The study of the public performer 
who receives big fees is how constantly to attract 
the notice of those who pay willingly high 
prices for admission. Such is the contrariness of 
human nature, that it is a truism to say, 
“ Once convince the public that they cannot get 
into an entertainment, and they will clamour for 
admission.*’ But it should not be forgotten that 
if inadequate ability is “ boomed ” unduly, it 
frequently means disaster to the artist. 

To turn to early engagements, the young pro- 
fessional, if without other means, must contrive 
to live by fees received from pupils. Without 
experience as a teacher, he cannot at first demand 
his own terms. Yet, the axiom, “ do as you would 
be done by,” should be remembered. It is not 
chivalrous to declare that a neighbour’s system 
of teaching is wrong and to offer instruction at 
half-price. When there are other children not being 
taught, it is despicable to ” poach on the preserves ” 



BUSlNBSa 


IU8KMKNT 


of a fellow professor by underselling him. In past 
years professional jealousy has done much mischief 
to the interests of musicians as a body. To counter- 
act such tendencies, the Incorporated Society of 
Musicians was formed, membership being confined 
to properly qualified candidates. In many ways, 
the society is most helpful to those embarking on 
a career. The young professional, therefore, cannot 
do better than seek election as a member. It will 
bring him in touch with the right people, and 
differentiate him from certain bogus teachers who 
advertise lessons at 28. fid. a course, or 3d. each. 
They are dear even at that sum. 

To make a beginning, it is advisable to have a 
neat circular printed and sent to the most likely 
addresses given in the local directory. More 
effective than printed matter is, however, i)ersonal 
recommendation. In return for assistance given 
at charitable performances, the clergyman, organist, 
or other officer of the place of worship attended by 
the young musician, can often assist him materially. 
In order to get one’s name into the programme and 
become known, there need be no scruple in offering 
to assist at a bona-fide charitable entertainment. 
At a time of life when the enthusiast is most 
impetuous it may be difficult to wait in hope of . 
engagements to come ; yet it is waste of energy 
to badger acquaintances in a tactless way. 

Getting Known. The young professional 
should be contented with a little at first and 
devote his energies to practice and composition 
rather than siK)il a favourable impression ho may 
have made by declaiming against those who happen 
to be more fortunate than himself. If, presently, 
he obtains two pupils a day at 2s. fid. an hour 
they will bring him in 30s. a week. This is more 
than many a young physician, after a far costlier 
training, earns in the first or second year of his 
professional life. The physician may not advertise 
any more than a member of the Stock Exchange ; 
but the musician has no such restriction. Never- 
tlieless, he must be careful not to indulge in any 
advertising which looks vulgar. If he desires, 
ultimately, to win the favour of cultured people, 
he must strive to keep up the dignity of his 
profession in all that ho does. 

The biographies of most of the great virtuo.si 
show that before l)ecoming famous they had to go 
through the drudgery of teaching unmusical 
pupils, however galling it may have been to them. 
As a rule, the life of the great executive artist 
begins with teaching reluctantly. But it ends with 
imparting exjjerience whole-heartedly to pupils of 
his own choice. Keen on getting recognition, the 
talented young singer or player endeavours to 
procure a minor eng^oment in a company making 
a provincial tour. This may be fixed during the 
summer vacation, when the company may visit 
various seaside resorts. As his pupils arc then 
taking holiday, permanent teaching will not be lost. 

Touring. As with theatrical touring, a concert 
toum^ requires good health on the part of every 
member of the company. If the tour is to pay, to 
get from one town to another in a given time may 
necessitate frequent night- travelling. Sometimes, 
on arrival at a destination, it may be necessary to 
proceed immediately to the concert-room without 
a meal. If the rough is taken cheerfully with the 
smooth, and the manager of the tour is honest, 
when it is ended unpleasantnesses will be forgotten 
imd the change remembered happily. 

During a tour ±he young musician should 
collect carefully any favourable allusions to his 
performance in the local papers. Printed sub- 


sequently as “ Opinions of the Press,” such 
testimony will carry more weight than the most 
conscientious self-praise, or even certificates won 
at a music school. Possessed of a number of news- 
paper notices, his plan — if he is a solo singer or 
instrumentalist — is to send his circular to the 
secretaries of various societies, in the provinces or 
London suburbs, mentioned in the Musical Directory 
(Carte, Berners Street, W.), in which he should be 
careful also to have his name entered. Personal 
appearance being of equal importance on the concert 
platform as on the theatrical stage, it is customary 
to have a photograph printed on the front of the 
circular. These may taken also to the music 
shops or music publishing houses, the latter being 
requested to send professional copies — if the 
musician is a singer — of any songs they wish made 
known. It is the experience of publishers that, if 
a new song is encored at a concert, its sale is 
increased. For that reason the services of a good 
singer are recognised by the payment of a small fee 
for each public rendering. The singer forwards 
copy of the programme as a vouchor. 

Paying for Appearances. The pressure 
of young artists to obtain a hearing in a limited 
number of influential concerts is nowadays exces- 
sive. Ambitious performers, possessing private 
means or well-to-do friends, have become, therefore, 
easy victims of unscrupulous concert agents. By 
this it is not inferred that all agents are dishonest. 
Those of reputation, who act on behalf of established 
favourites, seldom concern themselves with artists 
seeking recognition. But a new and less scTUpuloua 
“ Concert-Direction,” on being established, will 
often send circulars to young musicians requesting 
a visit. A critical hearing is given, as well as 
sympathetic advice. It is pointed out that to hide 
such light under a bushel is wrong. To achieve 
success a concert must be given, to which the 
musical critics will be specially invited. The agent 
undertakes to hire the hall, engage attendants and 
artists to assist, to print tickets, programmes, an^ 
see to the advertising. An estimate is given. If 
beyond the means of the aspirant or his friends, the 
sum is reduced. A substantial deposit being paid 
in advance, the concert takes place. 

As space is valuable in the daily papers, the critics 
do not attend. Minor journals may insert para- 
graphs supplied by the agent, or even detailed 
comments. These are of little worth. According 
to the gullibility of the victim, so is the length of 
the bill. The artists who have assisted, and 
whose fees are specified in a lump sum, may, 
individually, have paid for the privilege of appear- 
ing. Yet, in a business sense, the agent may have 
acted honestly in regard to the items for the hall, 
printing, and advertisements In any ease, the 
money is lost so far as the artist himself is con- 
cerned, Whether at bogus or bona-fide concerts, 
the .system of paying for appearances is wrong. 
Conspicuous talent, providing that it exists, can- 
not for ever remain unrecognised. 

The Theatre. Successful theatrical specula- 
tion involves considerable capital. The actor- 
manager, who takes the financial responsibility 
upon himself, has an exceedingly anxiou^ time. 
Not only have suitable premises to be leased aad 
staffed by a small armv of workers, but if the piece 
ut on is a now one and musical, unless the manager 
as a will of his own, what with the interests of 
the librettist, lyric writers, composer, singers, and 
actors to consider, little progress will be made. 
When we hear of one artist receiving £100 a week, 
another £70, and another £fi0, it may surprise the 
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amateur to be told that, on the authority of a 
London magistrate, well acquainted with the 
subject, an actor’s average is not more than 35s. 
a week. What many members of the profession, 
therefore, desire are “ smaller salaries and larger 
incomes.” It is, of course, better to receive 35s. 
a week regularly than to play in a piece at £30 a 
week which runs less than a month, the cost of 
dresses being deducted from salary, and, after 
rehearsing gratuitously for six weeks, “ resting ” 
the other ten months in the year. For rehearsals 
there is no pay. These sometimes go on for 
months. In a few London theatres salaries are 
now paid during the last fortnight. 

Opera Companies. One opera company 
advertises that chorister-pay per week is for 
tenors, £2 7s. 6d. ; baritones and basses, £2 5s. ; 
sopranos and contraltos, £2 ; extra salaries being 
given for small parts played by the chorus. 

To many aspirants such terms may appear 
attractive. It by no means follows that the 
amounts advertised will be received. When a 
laTSonal trial is given, the manager may consider 
the quality of voice, or ability to act, falls .short 
of his standard. In certain choruses, instead of 
receiving salaries, novices have to ])ay for appearing 
in minor parts to get experience. In a West End 
theatre a stage manager (not actor- manager) 
may get £10 a week for much hard work, having 
to be in the theatre from early moniing till late at 
night. The stage-carpenter will probably receive 
£3 a week. This he sujiplcments by |)erquisites ; 
otherwise there might be no limelight to spare for 
the le.«8cr stars. In certain theatres the conductor 
of the orchestra receives £12 a w'eek. Daly's band 
alone costs over £200 a week. Some of the players 
in this band possess violins valued at more than 
£50 apiece. A W^est End box-office kee|ier receives 
£0 a week, and his assistant £3. Programme- sellers 
and cloak-room attendants get 3s. a night, and the 
supers l.s. 6d. In the provinces half West-End 
prices are paid. The aspirant w'ho has taken part 
in amateur theatricals and become stage- smitten 
finds the glamour dissolve when coming to the 
jjractical side of theatrical life. 

The Dramatic Agent. Engagements are 
solicited through the dramatic agent. His office in 
Ix)ndon is either in the Waterloo Bridge Road, a 
turning out of the Strand, or in the purlieus of 
Shaftesbury Avenue. The hours are from 11a.m. 
to 4 p.m. Contingents of unemployed, sometimes 
in poorest attire, wait their turn to hear if 
engagements can be found for them. On a name 
being entered, a small fee is paid. If an 
engagement results, 10 per cent, or more is charged 
on the fir.st year’s salary. Without interest, the 
chance of getting into a good touring company is 
nil. All that can be hof»cd for is that the tour will 
t>e genuine. There are few actors who have not 
cxi>erienced being stranded a long distance from 
borne in their early days when a tour has collapsed. 
If the company is bona-fide, an engagement, 
including travelling, seldom yields more than 308. 
a week. Out of this, board and lodging have to 
be paid and .sometimes dresses provided. In case 
of illjiess no margin remains. There may be a 
fatiguing journey in the morning, a rehearsal in a 
strange place all the afternoon, prior to the per- 
formance the same night. After that it may be 
nec'essary to search for lodgings, unless these have 
been secured in advance. Add to these troubles 
the rivalries and jealousies of stage life, and it is a 
marvel that ” mumming ” should continue to 
attract so many victims. 
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Pantomime. The manager relies chiefly now- 
adays on scenic and spectacular effects. Large sums 
of money are lavished on the mise-en-sotoe, often 
at the expense of the salaries of the majority of the 
company, just as, in grand opera, the ohprus may 
be starved in order to provide big fees for a few stars. 
After long gratuitous rehearsals, ladies of the ballet 
receive 26s. a week. But their dancing is not com- 
parable with the highly- trained terpsichorean skill 
of the prima ballerina, W'hose salary will be £30 or 
£40 a week. The principal boy may receive £10 
a week. The first clown will probably get £20 a 
week, the harlequin and pantaloon receiving £5 
each, whilst an ordinary knockabout has 30s. The 
harlequinade, which used to be the chief pantomime 
attraction, is now relegated to the end. In the days 
of Joseph Grimaldi, his genius brought the clown 
into great prominence. Since his time there have 
been no men of similar ability in his line, and the 
clown no longer draws in the same way. 

Music HaUs. A comic singer, doing three or 
four halls a night will receive, according to his 
ability, from £10 to £40 a week. From this he has to 
deduct the hire of a conveyance from one theatre 
to another. Only exceptionally gifted artists com- 
mand their own prices. Dan Leno, working four 
halls a night, made over £200 a week, but the 
excitement killed him. A well-known serpentine 
dancer in ever-changing colours received £20 a 
week. A troupe of good acrobats may get £50 a 
week, whilst debutants who have not yet made a 
name, may only receive £7 between a troupe of 
seven. A wrestler will get about £20 a week, as 
w'ell as a purse, if successful. Unknown performers 
are paid nominal sums on short contracts, and are 
put either at the beginning or end of a progranlmo. 
Should the ” turn ” score a success, they are then 
at liberty to demand higher fees and receive longer 
agreements. As long as they are capable of drawing 
the amount asked, the management is not likely 
to let them go elsewhere. After some years elf 
minor engagements, a husband and wife, making a 
prodigious ” hit ” in so-called ” thought transfer- 
ence,’" are receiving £500 a week because they draw 
more than that sum. 

CircuMA. Whether in town or country, the chief 
care of the circus manager is his stud of horses. 
These are often of great value. An intelligent })er- 
forming horse may be insured for £1,000 or more. 
Besides these, the manager has always a plentiful 
supply of daring riders. As there is an excess of 
young men desirous of breaking their necks in 
public, the fees paid are not high. The English 
horseman, being superior to most foreigners, it 
is often possible to get more lucrative engagements 
on the Continent than in this country. Here the 
riding-master may get £5 a week ; principal eques- 
trienne, £20 a week, and the principal horseman, £30. 

Conjurers. West End ticket agencies o.' 
libraries do considerable business during the season 
in supplying all sorts of artistic talent for bazaars, 
juvenile parties, or social functions. As a rule the 
agent deducts 10 per cent, as his commission from 
the fees paid. Sometimes an agent will make an 
exclusive arrangement for the services of an artist 
who cannot himself obtain engagements. A clever 
conjurer known to the writer lound it to his advan- 
tage to make such a contract with a firm in Regent 
Street. A brougham was in waiting for him every 
evening. During the fashionable season ho was 
driven off to different aristocratic houses. There 
he gave a two hours’ entertainment of sleight of 
hand, ventriloquism, and so forth. After having 
supper, he was driven home. For this he received 



£6 a week. Beyond drawing up his programmes, 
he had no correspondence to attend to. 

In this case, when charging a fee of ten guineas 
for a performance which cost only £1, the agent 
often made a big profit. Nevertheless, the enter- 
tainer was contented with his bargain. He had 
no expensive premises to maintain, and although 
skilled in his peculiar way, had no ability to 
make negotiations direct. So far as he was 
concerned, as long as he was in good health and 
able to entertain, he had a sure income of over 
£300 a year. If his agents occasionally made a 
large sum, it was their speculation and not his. 
But between the conjurer of average ability, who 
may get £1 a night, and a phenomenal prestidi- 
gitator like the late Mr. Bertram, whose fee for a 
single appearance sometimes exceeded £20, there 
are many intermediate stages of skill. 

Dance Music* The fee paid to an agent for 
a lady pianist for four hours is usually Os. fid., 
with 2s. per hour afterwards and travelling expenses. 
In other words, she may get a fee of 7s. fid. plus 
Is. fid. extra for every hour, and her rail or ’bus 
fare. A man pianist, for the same work, is charged 
by the agent £1 Is. and cab fare. This probably 
means for him 16s. for the night. A trio, consisting" 
of violin, comet, and piano, is usually charged 
£3 Ss. for the night. Quadrille bands cost £1 Is. 
for each performer. 

Concert Promotion* Whether the event 
be a concert, lecture, dance, or other entertain- 
ment, the coat of organisation is first governed 
by the necessary payments for hiring the hall and 
adjoining rooms. In municipal buildings, the hall- 
keeper has a graduated list of charges. For a public 
meeting of ratepayers, the hall is free. Sfiecrial 
reductions are made if the entertainment is in aid 
of a local charity. On the other hand, for a gather- 
ing not coming under these headings, full ])rices 
are charged. The cost may vary from £1 la. for 
the use of a small room during the afternoon, to 
£10 lOs. or more for the large hall arranged for a 
concert. Proprietary concert halls have their own 
scale of fees. The highest charges are usually for 
an all-night ball. This necessitates the hall being 
cleared beforehand, and the floor specially prepared. 
Two guineas may cover cost of printing tickets and 
programmes for a dance. If light refreshments, 
or a sit-down supper, are included, the catering is 
estimated at so much per head. When fixing the 
price of tickets, the cost of the band must also be 
considered. Refreshments should be provided for 
the latter. In other entertainments, the fees of the 
artists constitute the main items to bo defrayed. 

Concert promoters should remember that all 
performers should be given their fees before they 
leave. The money should be enclosed in an enve- 
lope and handed over by the treasurer or secretary, 
a voucher being signed as receipt. Where several 
performers receive different fees, enclosing the 
latter saves unnecessary jealousy. Ih’ompt payment 
also, after a professional ]>erformer has done his 
best, is more satisfactory than to be told that his 
“ cheque will be sent on.” 

Lectures* Lectures, either grave or gay, by 
celebrities well known in the literary world can be 
arranged through various lecture agencies. The 
fees paid range from £1 Is. to £10 10s., and ex- 
penses. If the lecture is illustrated, and an oil 
lantern is required, it will cost £1 Is. extra. With 
limelight, the fee is £1 lls. fid. A pianist may also 
be required. Where cinematograph exhibitions are 
given, the apparatus and attendants will probably 
run into £6 exclusive of travelling exjienses. 


OFFICIALS IN SPORTS AND 
PASTIMES 

By Ernest A. Bryant 

Cricket and football are essentially the sports of 
the masses. The development of the attractions 
of football is one of the most striking features of 
latter-day outdoor life. 

The Professional Footballer* Some 
thousands of men of varying skill make a liveli- 
hood from football, but if a man means to bo a 
professional footballer, he must make up his mind 
to devote the whole of his time to the game. 

Under the rules of the Football Association, the 
maximum wage to be paid to players is £208 per 
year. The actual period over which play extends 
is only thirty-five weeks in each year. Football 
in public begins on the first day in September, 
and ends on the last day of April. For seventeen 
weeks in each year the player has his time to him- 
self, except that in the early days of August he is 
expected to bo within reach of his club to begin 
training for the first match of the season. Until 
a few years ago this limit in the wage-earning 
power of the player did not exist. Men were paid 
as much as £500 a year in actual wages, to say 
nothing of the gratuities given for the winning or 
drawing of matches. It proved in practice that 
the clubs could not maintain the pace which they 
had set. Football finance had become one huge 
gamble. At the end of one season clubs, hoping 
for success in the following season with the big 
” gates ” which this would mean, bid high for 
players, and found, too late, that they could not 
support the liability to which they were committed. 

In addition to the £208 per year which a man 
may receive in wages, he is entitled also to a benefit 
match after he has served his club for five seasons. 
This may amount to anything from £100 to £1,000, 
and so considerably increase the average of his 
earnings. Only one other payment is jKirmitted : 
the player on signing an agreement to serve a club 
is entitled to a gratuity of £10. 

The Start* To a man of sound physique, 
good health, and average agility, the way into 
a football team of repute is not difficult. 
Nothing, in fact, is easier, provided he have the 
qualifications, for football, like cricket, is one of 
the spheres in which the demand for first-cla.ss 
men always exceeds the supply. A player 
takes to the game, because he likes it, while a 
boy. Generally he begins as a forward. If 
he has not speed enough for that position, or 
finds that it is more to his taste to spoil the game of 
another player than to take the initiative in attack 
himself, then his place is at half-back. Centre half- 
back is the x> 08 ition at which a man should aim. 
In that place ho must be equally ready with either 
foot, ana this gives him such command of the ball 
and plavers that ho can take either wing at a 
momenta notice. He has to accustom himself 
to placing the ball W'ith accuracy to his forwards, 
to take a shot at goal himself, or to drop back to 
the assistance of the men in his rear. He is the 
pivot of the whole team. The man with a par- 
ticulai’ly good kick will adapt himself to the full- 
back position. Ho must be alert and courageous, 
and as little prone to nervousness as possible. 

From a junior club the player will go to one of 
better calibre, and soon find, if he has any real apti- 
tude for the game, that openings in still stronger 
sides are available. Many men have made their 
entry into First League football while still in their 
teens, and represent^ their country in internationDl 
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matches before their twentieth year has been reached. 
The trainer of a football team is generally an old 
player. He looks after the physical training of the 
men during the week, travels to and from their 
matches with them, and, in a rough-and-ready way, 
acts as hrBt-aid in the case of an accident on the field. 
For a really educated trainer, with a sound know- 
ledge of anatomy, dieting, and' rational exercise, 
there should be a good opening. Many trainers of 
teams are retired professional pedestrians, whose 
system of training is wholly wrong when applied to 
footballers, whose need is speed with endurance. 
A good trainer can command from £2 to £4 a week. 
The secretary of the club is generally team-manager. 
Recently it has become the custom to appoint 
old players of good reputation to this office, with a 
clerical assistant to keep the books. The secretary- 
ship of a good club is worth £5 jier week. At the 
end of his playing career — which may extend 
over ten to fifteen years, the footballer may hope 
for an appointment as a linesman. For this he re- 
ceives half a miinea a match in addition to travelling 
expenses. This appointment, if satisfactorily dis- 
charged, leads to his engagement as referee, in which 
he is paid a guinea a match, sometimes two, as well 
as train fare and hotel expenses. 

CricKei. It is less easy to succeed in cricket 
than in football, for the reason that there are fewer 
first-class teams. Good men are always wanted, but 
they cannot produce the necessary ability. There 
is a vast difference between high-class club cricket 
*ind the cricket which even a moderate county 
side plays. A man who scores hundreds regularly 
for his local club, or takes half a dozen \vickets 
for next to no runs every Saturday afternoon, 
may Ixs a hopeless failure on apjiearing for his 
county. Men like Hutchings of Kent, and Rhodes 
of Yorkshire arc few and far betw'een. They 
stepjjed full-fledged exiierts into county cricket. 
With the average man the ))roces8 is long and 
arduous. Exjjerience proves that only one man in 
a hundred can bowl as well as bat. Therefore it 
is as well, perhaps, that the aspiring player should 
develop that game for which he has a natural in- 
clination. If he bowls naturally, he had better bowl ; 
if batting be his forte, let him ]>ractise batting. But 
there is this reservation ; no man should cultivate 
one phase of cricket to the entire exclusion of others. 
The good batsman must le4irn to bowl sufficiently 
well to take his turn as a change bowler. Hundreds 
of matches have been won by the man who goes 
on to bowl a new style of ball when all the regular 
bowiers are weary and unable to dislodge a “ stone- 
walling ” batsman. Hayward, A. O. Jones, Quaife, 
the late J. T. Brown, and many other examples w'ill 
oorac to mind. 

No man should jiresume to send in his record 
to his county club until he has made himself a 
master of fielding. He should model his work 
in the field upon John Tunnicliffe and Ran- 
jitsinhji, for the slips ; upon Jessop, Ernest 
Jones and Denton for mid-off and mid-on; and 
iijx)n William Gunn and Victor Trumpet for the 
long field. These men are worth their places ki any 
team for fielding alone ; they not only score runs 
themselves, they prevent their opponents from doing 
so. And that is the whole aim and art of cricket. 

CricKeter*s Fees. Thus equipped, the 
young player at the end of the summer sends in a 
record to the secretary of his county club, giving 
his average in Imtting and bowling for the season. 
If he be worth a trial, he will either be permitted 
to i>lay in the following year in one or two of the 


less important matches, or will be appointed to a 
place on the ground staff. In the latter case he 
will bowl for practice games, and members of the 
club will reward him for skill, assiduity, and 
courtesy. When he becomes a regulai* member of 
the eleven he will receive, oh an average, £6 per 
match, out of which he will have certain excuses 
to meet. Every tiirie he scores a given numoer of 
runs, or takes so many wickets, he will bo entitled 
to what is termed “ talent money,” while he may be 
sure that a specially good performance will then and 
there result in a subscription on the ground. He 
should average £200 a year from his cricket, while 
his benefit match will be worth £500 with a team 
like Warwickshire, or if the man be a Hirst — which 
does not happen to be likely — he will realise as much 
as £3,000 from teams like Yorkshire or Lancashire. 

Handsome additions to the cricketer’s income 
result from private engagements to “ coach ” 
'varsity or other players, from schools, and from 
private clubs. When his playing days are done 
he may be appointed an umpire, for which he will 
receive a guinea a day. Many men liave retaining fees 
from the M.C.C., to earn which they must play 
in matches, and make an o?casional appearance 
at Lord’s ground. 

Gymnastic Instructors. The gymnastic 
instructor is a man always in demand during the 
winter. He should be still more in demand. As a 
rule, however, the instructor is content to follow 
where others have led. The man who hopes to 
succeed in this line must be )>repared to initiate new 
schemes for gymnasia. He must, of course, be 
master of bars and boxing ; must be able to show 
something new with the Indian clubs ; invent new 
exercises with dumb-bells, and have the true eye 
and supple wrist for single-stick and foils. Army men 
hitherto have made the best gymnastic instructors, 
but too often they have preserved the same old 
system year after year, and killed the interest of their 
pupils. The man who knows his work will be always 
devising ways and means, not only of maintaining, 
but of increasing his membershi]). A prosperous club 
Cin afford to pay him £2 or £3 a week, which sum 
he will incre.ise by private le-sons to nervous or 
backward pupils. 

Milliard Players. The billiard profession 
is very much envied by young men who can make 
two or three “ twenties^’ in the course of a game 
of “a hundred-up.” The life is not a pleasant 
one. Very few succeed.. Such harvest as is to 
result must be gathered early in life, for the vitiated 
atmosjihere in which billiards is played does not 
make for protracted possession of undimmed eyes 
and nice touch. The man who succeeds has, as a 
rule, begun his career in a billiard saloon as a 
marker. This is the last occupation to bo comr 
mended. It involves long hours in a bad atmosphere, 
and temptations to intem|)erance and gambling. 
Still, the youth who lias an aptitude for the game, 
and is thoroughly steady, can make a good living 
in this manner. His salary, which may be any- 
thing up to £2 a week, does not matter. His 
presents piove of more imjKirtance. By steady 
practice he qualifies for match play. He enters the 
Markers’ Handicap, perhaps, or meets privately 
another player. As soon as his reputation becomes 
noised aOToad he is invited to appear in exhibition 
matches, and when he qualifies for games in London 
he may make^is thousand or more a year. Once his 
name is made he can earn a great deal of money 
by teaching billiards. On the whole, the calling is one 
of many risks and few Buccesses* 
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explained : “ 5.537 means Class 5, Natural Science ; 
Division 5, Geology ; Section 3, Economic Geology ; 
Sub-section 7, Mineral Waters.” This seems 
complicated, but it is* really a very simple and 
elastic system, and is now largely used in both 
large and small libraries. 

Mr. Charles A. Cutter, another American librarian, 
has a somewhat elaborate system, too elaborate to 
be extensively employed. It is known as “ Cutter’s 
Expansive Classincation.” He employs the 26 
letters of the alphabet to indicate his classes, and 
the second letter to mark his subdivisions. “ This 
second letter,” says Mr. Cutter, “ divides each of 
the 20 main classes into 26 parts, and then a third 
letter divides each of these 676 divisions into 26 
j)art8, or over 18,000 in all, taking the single letter, 
the double letter, and the triple letter classes to- 
together.” Anyone wishing to study this system 
must consult Mr. Cutter’s published tables. 

English Classification Systems. A 
really excellent and simple system was invented 
by two exf)erienced English librarians, Messrs. 
J. H. Quinn and J. D. Brovni, Books are divided 
into 11 main classes, as follow : 

A. Sciences, F. History and (5eo- 

B. Useful Arts grapby. 

C. Fine and Recreative G. Biography. 

Arts. H.LanguageandLite- 

D. Social and Political rature. 

Science. J. Poetry and the 

E. Philosophy and Re- Drama. 

ligion. K. Prose Fiction. 

L. Miscellaneous. 

“ In eieh main class,” says Mr. Brown, the class 
letter alone is given to general works covering the 
whole, or a considerable portion of the sul»ject 
matter of the class at largo. Thus ' B ’ would 
mark all the general treatises or dictionaries on 
the ‘ Useful Arts,’ * G ’ general collections of 
‘ Biography.’ It has not Ijeen thoiight advisable 
to make an elaborate system of sub-divisions and 
sub-divisions, but simply to number in one sequence 
of even numbers each sub-class or division in its 
order. This enables the class of most books to bo 
eisily expre8.sod by the plain notation of a letter 
or figure or two — G2, B30, FI 96, etc. The odd 
ntimbers are reserved for fresh divisions of the 
main classes, and it is thought that this feature will 
lie useful in ino.st libraries where new subjects 
are continually cropping up.” JSIr. Brown’s 
‘‘ Manual of Clossidcation must also be^tudiod. 

Alphabetical Claaaification. The 
fjondon Library is large and well jilanned. 
The system adopted is as follows : 'J’he books arc 
arranged in broad divisions ; that is. History in one 
division. Theology in another division, and so on. 
History is divid^ into one large alphabet. Abys- 
sinia, Arabic, Egypt, England, 'France, etc., follow 
each other in alphabetical order. All l>ooks in those 
subdivisions are in alphabetical order under the 
author’s name. This rule applies to all divisions. 
Theology is one large alphabet of subjects — Bible, 
Bible C’ommentarics, etc. Ixjimed societies form 
one large alphafjet, each society being placed under 
the first word of the title of the .society. Periodicals 
are shelved in a similar manner ; fiction under the 
names of the authors. Biography is one large 
division under the subject of the biography which 
brings all the lives of one man together. Miscella- 
neous subjects, such as Agriculture, Anatomy, Art, 
Motor-cars, Science, Political Economy, Zoology, 
arc arranged vnder their respective subjects in 
al])habotical order in one large division named 
Science. 
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It will be gathered from the foregoing systems 
that a librarian must know something of many sub- 
jects to enable him to decide in which class to 
place a work. 

Cataloguing. The compilation of a cata- 
logue is, next to the selection of hooks, the most im- 
portant part of the work of a librarian. Before start- 
ing one a careful examinaiioh of the better exam- 
ples of catalogues should be studied. The compiler 
must regard his catalogue as the key to unlock 
the store of knowledge in his library. It must be 
simple and concise, but sufficiently full to indicate 
the nature of the book named. In many libraries 
used by the more cultured classes, the classified 
system is employed, and librarians, from expe- 
rience, know how difficult it is to use by anyone 
except a well educated person. The dictionary 
catalogue is now the most jwpiilar and the 
most useful. This catalogue su]>plie8 names of 
authors with lists of their books, the titles 
of all books, and the subjects under different 
headings, all arranged in alphabetical order. The 
contents of some l^oks must be briefly indicated. 
Numerous cross-references must be given in respect 
to authors’ pen names and real names, and wnere 
writers change their names. In short the facts 
given should enable a i)cr.son to obtain from a 
library the book or information required. In 
addition to printed catalogues, card catalogues 
should find a place in every library, and be kept up 
to date. The information on a card may l)e fuller 
than in' a printed catalogue. Various lx>oks deal 
w ith this important part of library work, and must 
be carefully studied, and especially well-compiled 
catalogues. 

Education and Examination. The 

l..ibrary A.ssociation, founded in 1877, and incor- 
porated by Royal CTiarter in 1898, carries out a 
useful w'ork in leaching and holding examinations, 
and granting diplomas. Summer schools are held in 
various parts of the country, and j)ractical lectures 
arc given by experienced librarians. (Wrespondence 
classes are also conducted. Particulars may be 
obtained from the secretary of the Library Associa- 
<ion, Whitcomb House, W’hitcomb Stre^et, London. 
Tlie course of training is as follows : 

(n) Study in various prescribed subjects, namely ; 
literary history, elements of jiracticnl bibliography, 
classification, cataloguing, library history and or- 
ganisation, and practical library administration. 

(b) Examination in each subject, and the writing 
of a satisfactory essay upon some aspect of each sub- 
ject, 

(c) Practical exi)erience of not less than twenty- 
four hours a week, for at least three years, as a 
member of the administrative staff of on? or more 
libraries approved by the council of the Library 
Association. 

The candidates may .study as they think pro]>er, 
but to gain the full diploma their preparation must 
include the examinations, the prescribed* essays, 
and jiractical experience. The “Library Year 
Book ” contains all details of examinations and 
long lists of books to be studied. According 
to the regulations, “ candidates for the full 
certificate or diploma of the Library Association 
shall have passed the examination in each of the 
six sections, and, if required to do so, a further 
oral test. Each candidate shall be required to make 
apfdication not later than March Ist in each year to 
the Hon. iSecretary of the Education Committee 
of the Library Association asking to be granted 
the diploma. The application must be accom- 
panied by: (1) A thesis on some topic previously 



SCHEDULE 

OF EXAMINATIONS FOR LIBRARIANS 

Age 

Limit. 

Examlniug Body, 
Time and 

Place of Examination. 

CERTIFICATE JJXAMINATION. 

Fees. 

None. 

Lilirary Association, 
Whitcomb House, 
Whitcomb Street, 
PaU Mall East, 
London, S.W. 

In May annually, in 
varirjus parts of Great 
Britain and Ireland. 

Examination in each subject, and the writing of a satisfactory essay upon 
some aspect of each of the following subjects ; 

(1) Literary HisU)ry ; (2) Elements of Practical Bibliography ; (8) Classiflea- 
tion ; (4) Cataloguing; (5) Library History and Organisation ; (6) Practical 
Lil>rary Administration. 

Practical experience of at least twonty-fonr hours a week for three years as a 
memi)er of Administrative Staff of one or more Libmries approv^ by the 
Council of Liiirary Association. 

None. 


DIPLOMA EXAMINATION. 




Each candidate to make application to the Honorary Secretary of Education 
Committee of the Library Association asking to be granted the Diploma. 
Application to be accompanied by— 

(1) A thesis on some topic previously set by the Council. Notice of this topic 

will l»€ given in the January number of the Library Aseoeialion Record. 

(2) C’ertificates showing that the candidate has satisfied the Examinere in 

each of the sections of the Examination. 

(3) A Certificate, approved by the Council, showing that the candidate has 

worked for not less than twenty -four hours a week for at least three 
years as a meml»er of the Admiuistmtive Staff of one or more Libraries. 

(4) A Certificate, approved l»y the Comicll, showing that the candidate 

possesses an elementary knowledge of Latin, and of one modem foreign 
language. 

'Jlie Examiners decide if it l)C necessai’y to subject the applicant to an oral 
examination. 



set by the Council. Notice of this topic will be given 
in the January number of the “ Library Association 
Record.” (2) Certificates showing that the candi- 
date has satisfied the examiners in each of the 
sections of the examination. (3) A certificate, 
approved by the Council, showing that the candidate 
has worked for not less than 24 hours a week, 
for at least three years, as a member of administra- 
tive staff of one or more libraries, and (4) a certi- 
ficate, approved by the Council, showing that the 
candidate possesses an elementary knowledge of 
I.rfitin, and of one modern foreign language. 

A youth entering a library should master “ A 
Primer of Library Practice for Junior Assistants,” 
by G. L. Roebuck and W. B. Thorne. It not only 
gives advice of a practical nature, but suggests a 
good course of reading. All persons engaged in library 
work should cultivate neat and plain writing. This 
is a most im|X)rtant matter, for he who writes well 
among the assistants in a library usually gets 
the more important work. In addition to the use 
of the typewriter there is much to be done with a 
pen. It is to bo regretted that more attention is not 
paid to teaching writing in schools. 

How to Obtain a Situation. Situations 
for youths in libraries are usually advertised in 
the local newspapers. It is, however, a good plan 
for a person having a taste for library wovk to write 
a letter to the chief librarian in the town in which he 
lesides, asking to be put on the list of applicants for 
a situation. Ho must state his qualifications, 
say where educated, and get a testimonial from 
his schoolmaster, or clergyman, or minister. Boys 
in the larger public libraries start at Os. per week, 
and at the of 21 are paid about 25s. per week. 
If ho has made the best of his opportunities he may 
expect to take charge of a branch library or dis- 
charge the more important work in the library, or 
become a librarian of one of the many smaller 
public libraries, and work his way into a leading 


position. Librarianship is by no means a well- 
paid profession, but it is pleasant and improving. 
Salaries of chief librarians range from £100 (or even 
less) to £1,600 j)or annum. The hours worked are not 
long, generally about 48 hours per week, but often 
the assistants are engaged when others are on 
pleasure bent, and this circumstance often leads to 
unrest. A man to be a successful librarian, useful to 
others, and happy in his work, must have a real love 
of books, and know th?ir contents, and be of use 
to those seeking information. The ideal librarian 
should be a many-sided man, know something of 
everything, and everything about something. 

Those engaged in library work often have their 
tempers tried by people who have no considera- 
tion for others, and are lacking in good breeding. 
It is difficult to deal with such people. We 
must remember if they are rude we must not 
sink to their level, but do our best under trying 
circumstances. The chief librarian should set his 
staff an example, and they will not be slow to 
follow his lead. 

Bibliography. Tlie following books cover the 
work connected with a library : 

Chambers & Fovargue. ” Law Relating to Public 
Libraries and Museums, and Literary and Scientific 
Institutions,” 1899. 

Library series, 5 vols. ; ‘‘Free Library,” by Ogle ; 
‘‘ Library Construction,” by Burgoyne" ; ‘‘ Library 
Administration,” by Mocfarlane ; ” Prices of Books,’^’ 
by Wheatley ; ” Essays in Librarianship,” by Garnett. 

‘‘ British Library Year Book,” 19()0-1, by Green- 
wood. 

“ Guide to the Choice of Books,” by Ackland. 

“ Abridged Decimal Classification,” by Dewey. 

Library Association series : ‘‘ Handbook and 
Library Appliances,” by Brown ; ‘‘ Public Library 
Legislation,’* by Fovargue and Ogle ; “ Public 
Library Staffs,*'^ by Cowell ; “ Public Libraries,** 
by Greenwood ; “ Care of Books,** by Clark. 
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STEAM BOILERS 

Classification. Horizontal Boilers. Cornish, Lancashire, Galloway. Mnlti- 
tubular, Marine, Locomotive, Vertical, and Water-tube Boilers. Combustion 


By JOSEPH G. HORNER 

'T’HE function of a steam boiler is the generation the water space. The distinction is a vital one, 
of heat, apart from the engine in which the constituting entirely different types, 
heat is to utUisef It is a far cry from the earlier Horteontal Boilers— The Cornish and 
boilers, which carried steam pressures of only 3 lb. Lancashire. The Cornish is a single-flued 

or 4 lb. above that of the atmosphere to those of the boiler, shown in cross section in 100. The flue lies 
present, in which pressures of 180 lb. and 200 lb. centrally in the horiiontal direction, but below the 

to the inch are common, sometimes exceeded, centre in the perpendicular axis, in order to give 

and pressures of 60 lb. to 80 lb. low. There are ample water space above. In Continental types 

certain early types, often illustrated, which are not jt ig placed to one side. A considerable space is 

made now. though their use Imgers in some old occupied by the flue; thus in a boiler 6 ft. in 

firms. These are the extemally-fired egg-ended diameter, the flue is 2 ft. 7i in. in diameter. This 

boiler, the Rastrick, the box boilers, and the old ig ^ large space to take away from the water and 

type of haystack. Also the use of iron for boilers gteam space, and leaves little room between the 

has been nearly discarded for that of steel, with bottom of the furnace flue and the bottom of the 

all the practical advantages that result from the boiler shell, and renders cleaning difficult in the 

use of the latter. The superiority of mild steel over contracted spaces. The Lancashire 1 101] resembles 

the boiler qualities of wrought iron is the reason the Cornish in all respects, except that it has two 

why few boilers are made of iron now. Being furnace flues instead of one, which is preferable, 

highly ductile, severe work, such as bending and as boilers increase in size. The minimum diameter 

flanging, can lie done upon steel that could not be of the flues for Lancashire boilers is alK)ut 2 ft. 4 in. — 

done upon iron. Its elastic limit being high, it 2 ft. 9 in. is better— and they range thence to 

will stand more severe strain than non without 3 ft. 6 in. The diameter of the flues controls the 

undergoing permanent set. Being of high tensile giaj of the shell for a given boiler. There should not 

strength, higher pressures can be carried in steel be less space than 4 in. or 6 in. between the flues, 

boilers than in iron with equal scantlings, or equal or between the Hues and the sides of the shell, 

pressures with lighter scantlings, or with larger Shells range from 0 ft. to 9 ft. in diameter. Lengths 

diameters. Owing to the absence of lamination vary from about 14 ft. or 15 ft. to 30 ft., 28 ft. or 

in steel plates, they are less liable than iron to 30 ft. being a usual standard length for a large 

deteriorate due to overheating. The methods of Lancashire toiler. Roughly, the length of a Cornish 

constructing boilers have been treated on pngi or Lancashire boiler is equal to from three and a 

3095. VVe shall therefore be able to confine the half to four times the diameter 

present remarks to the design of the principal The illustration selected [1011 is one of the 
types of boilers now made. standard 30 ft. by 9 ft. boilers by Tinkers, Ltd. It 

Classification. Cylindrical boilers may be differs from ordinary types in the gradu il reduction 

classified in two great groups, hcrhontal and of the furnace flue. A, toward the back end, and in 

vertical, signifying that the longitudinal axis of the the hinged character of the gusset stays. B, over 

boiler is either set horizon- the furnace flue. The other 

tally or vertically. The gussets are of plated typo. 

horizontal types include the ^ ... The conical tubes, C, are set 

Cornish, or one-flued, and ] ^ X ^**'*®^^ practice, ver- 

the Lancashire, or two-flued ; | ( tically, and at angles of 30^ 

the modified Lancashire, ; Lf I ^ )1 K ^ * D is the 

with three or five flues ; the [ ' / h j manhole; E is the anti- 

Galloway, with the two flues i ^ J ^ : priming pipe whence dry 

united into one behind the j , ; " steam is taken. Only the 

bridge, therefore a breeches 1,1.^ front and back end plates 

flue type, with a lar^ k/ v ^ j ^ single-riveted (see the 

numlier of conical tubes. In I [m J ; vv enlarged detail J. The end 

the horizontal group, all ^ -jVyy plates receive additional 

marine^Scotcht™— -boilers sup]K)rt from the furnace 

are included, and these also lOQ. CROSS SECTION THROUGH CORNISH fines and the gusset stays, 
are classified variously. It BOILER AND SETTING Elsewhere the circular seams 

also includes the multitubular are double - riveted. The 

arrangements as used on the locomotive and longitudinals earns are treble-riveted through butt 

marine boiler types, which arrangements are also straps. Each ring is formed of a single plate, and 

adojited in^ a good many Cornish and Lancashire thov break joint in the manner indicated. Such a 

• u vertical group includes plain and boiler would, in the old days, have required eighteen 
miiltitubulur forms in many and varied designs. iron plates. The furnace flues are plain cylinders. 

Outside these lies the great noup of water-tube with Adamson flanged seams [see page 3102, and 

boilers. In these, though tubular, the water is Figure 226] the seams hit and miss as shown, 

contained in nests of tubes around which the fire The water circulation is sluggish in the bottom 
plays; while in the multitubular boilers proper of Cornish and Lancashire boilers because the 

the name and hot gases pass through tubes in water there lies below the furnace flues. At one 
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time this was ag^avated by the 
bad practice of bringing in the 
cold feed water there, which is 
now always brought in above 
them. Tho seating for the check 
feed valve which regulates 
the water supply is seen at F. 

The seatings for the water 
gauges are shown at G. H 
is the mudhole. The various 
seatings on the top are for different valves. J 
is for the high steam and low- water safety 

valve, K is for the junction valve, L for the 
deadweight safety valve, M is the seating for tlie 
blow-off cock. 


of the boiler, which is least 
ccted by the heat from the 
furnace. The brickwork flues are 
therefore an essential feature of 
those land boilers, as they were 
formally termed. The boilers 
are supported on seatings of 
brickwork, [100], which form the 
walls of the flues. Dampers 
are provided to regulate the 
draught. The rcsnlt is that the boilers are very 
economical, easy to operate, and have, long 
been deservedly popular among mill and factory 

Q rietors. The fire bridge [103 and 104] is a 

je built of brick at the rear end of the firegrate 


101. LANCASHIRE BOILER, 30 FT. 
BY 9 FT. (TlnkerH, Lt<I. ) 


shire boilers by imtioving the circulation between 
the dead water at tne bottom and the hot water at 
the top. The conical form is imparted simply to 
permit of the insertion of the smaller end of the 
tube through the hole cut for 
the larger end. The tubes are 
nrranged in different planes, 
vertically and diagonally, in 
order to allow the hot gases to 
strike fairly against each 
successive tube. 

The Firegrate and 
Flues. The firegrate, shown in 
108 and 104, occupies the front 
of the flue in Cornish and 
Lancashire and horizontal 
boilers to a length of 5 ft., 6 ft., 
or 7 ft. Thence the products 
of combustion pass through 
the furnace flue or flues to the 
rear, and out at the back of 
the boiler [see the section 100]. 

Thence they return through 
brickwork flues by what is 
termed a split draught ; that is, 
the hot gases pass down the 
downtake at the rear, and bock 
to tho front of the toiler by a 
central flue of brickwork [100, A]. 

Thence they su^e diverted to 
right and left under the action 
of the chimney draught into 
side flues, B, B, and so out 
at the chimney [compare also 
with 108 J. Frequently an econo- 
miser, or feed water heater, is 
placed in the mssage of the 
gases between me termination 
of the flues and the entrance to 
the chimney, so that they yield up heat to the 
boiler feed water contained in the heater pipes. 
The gases in their passage through the brickwork 
flues render up heat to the water in the lower part 




'iPr‘4 lO’i* 

102. GALLOWAY BOILER 
A> Conical tubes B, Gussets 


Three and Five Flued Boilers. Some 
of the largest boilers have three fire tubes — two 
below and one above, centrally. The object is to 
still further increase the advan- 
tage of the substitution of 
smaller for large flues. Boilers 
are also made with five flues 
for burning waste gases. 

The Galloway Boiler. 
Tliis is a modification of the 
Lancashire t3rpe, which gives 
greater efficiency by increasing 
the number of conical tubes and 
providing a number of water 
pockets. The tubes are not 
placed as in the ordinary boiler, 
but in a breeches arrangement, 
in which the two furnace tubes 
unite in a single smoke flue 
beyond the bridge [shown in 
section in lC2j, which flue 
contains the Galloway tubes. A 
modern full-sized boiler will 
contain thirty of these tubes, 
besides four side pockets, which 
help to break up the flame and 
heat the water. 

Multitubular Boilers. 

There ore considerable numbers 
Oi Cornish and Lancashire 
boilers made of the multitubular 
design. That is, the furnace 
flue terminates a little way 
beyond the bridge, and the hot 
gases pass through a nest of 
tubes to the back of the 
boiler. Tho tubes are larger 
than those of locomotives, being 
generally about from 3 in. to 4 in. in diameter. 
They vary in number from about 20 to 90. hi 
some designs the tubular system i^ adopted 
entirely, as in 103, which is a horizontaA boiler 
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mounted exactly like a Cornish, oyer brickwork 
fhies, hut is externally fired. It is surmounted 
with a large steam drum. The flame and products 
of combustion pass from the grate A along under 
the boiler, back through the tubes B to the 
smoke box C at the front end, thence to right and 



where it is connected to the furnace flue. The 
water covers the chamber and the tubes to a 
depth of several inches, and the space above is 
occupied by steam. 

Double-ended Boilers. These are fired 
from opposite ends, and are essentially two single- 
ended boilers placed 
A back to back. The 

furnace tubes may, 
however, enter a com- 
w bustion chamber com- 

both boilers, or 

(j 0 ^ " the chambers may be 


r^n 

1 


1^- 1 



% .. 




Half front Half front elevation, 
elevation with brickwork removed 


left through the side flues D to the downtnke E, 
and chimney. The damper F regulates the draught. 

Horizontal Boilers — Marine Type. 
These are commonly termed Scotch boilers, and they 
include .several modifications. They are all of 
return -tube design. That is, the products of 
combustion on leaving the back of the furnace 
flue return through a nest of tubes which 
traverse the water space immediately above the 
furnace [104]. At the front of the boiler there is 
a large casing of sheet iron (not shown) into which 
the tubes enter. The smoke pas-ses thence into 
the funnel. Having these features in common. 


108. MTTLTITrBULAR BOILER (Tinkers, Ltd.) 

to the downtnke E, distinct, in which case the resemblance to two 
jgulates the draught. indei)endent boilers is most pronounced. 

Marine Type. Number of Furnaces. Only in the 
^tch boilers, and they smaller boilers, or those up to about 8 ft. or 9 ft. 

They are all of in diameter, is a single furnace used, the diameter 

the products of of which should not usually exceed 48 in., and is 

ack of the furnace seldom less than about 30 in. Boilers of 9 ft. and 

/ of tubes which over and up to 13 ft. 0 in. diameter should have 

lediately above the two furnaces ; up to 15 ft. three furnaces, and 

' the boiler there is over that size, four. If the attempt were made to 


obtain evaporative power by lessening the number 
of furnace.s and increasing their diameter, the 
grates would have to be too long to be fired properly. 
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boilers are named according as they have one or ^ 
more furnace flues, or as they are fired from one ||| 
or both ends, or as they are wet or dry at the 
back, besides which there are several more or |oj 
less specialised designs. 

Single-ended Boilers. These are so |q 4 | 

termed because they are fired from one end only. 

An example occurs on page 3099 [220 and 
221]. The furnace flue C in that figure opns at 
the end opposite the grate D into the combustion 
chamber G, which i.s attached both to the flue and 
to the shell, and extends up into the latter high 
enough to cover the ends of the return tubes. 
Water entirely surrounds the chamber, excepting 
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1 with the result, too 
“oWoS^r.WoWoWoSl’.v.v.*;:: ) of a larger volume of 
” " t * ^ ^ water below 

/ the flues. An un- 

~ ^ — fii/ desirable length of 

DRY-BACK MARINE BOILER S'""** would bo 
(nnkers. Ltd.) necessanr to get the 

required grate area, 
which increases only as the diameter, while the 
cross section of the flues in which the products of 
combustion have to be utilised increases as the 
square of the diameter, which is a correspondingly 
greater ratio. The question of the number of 
furnaoes involves also that of the combustion 


DRY-BACK MARINE BOILER 
(Tinkers, Ltd.) 
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chambers. The simplest and the worst design is beyond the bridge, and the tubes are carried 

that in Which all the furnaces open into one common beyond the chamber instead of returning over 

combustion chamber. The disadvantages arc that the furnace, thus requiring a longer boiler than 

a leaky tube places the whole boiler hors de combat, the usual design. The tubes enter the smoke- 

and that the Turing of any furnace produces a rush box at the farther end. Of the 3 in. tubes in 

of cold air all over the surfaces of the chamber. this boiler, 183 ip, number, 40 are stay tubes. 

In another design all the furnaces at one end meet As the roof of the combustion chamber is flat, it 

in a common combustion chamber and all those at is stayed to the top of the shell with sling 

the other end in a similar chamber, the two chambers stays, an alternative to the bridge or girder 

being divided by a water space. This is not the stays on page 3099 [2^ and 221]. 



best form, as the stays are liable to cause " 

trouble. Another design is that in which 
each furnace has its own independent 
combustion chamber. It is satisfactory, 
except on the score of price and weight, 
and is not, therefore, used so much as the 
next one named. In this the furnaces, 
which are opposite to each other, have a TUBU 

common combustion chamber. Each 
chamber is divided from the one adjacent by a 
water spaee. To lessen risk of leakage of the 
tubes, due to the inrush of cold air on the opening 
of one of the furnaces, a semi-partition, a kind of 
hanging bridge of brickwork, i.s sometimes litted 
across the combustion chamber at right angles to 
the direction of the tubes, and coming some way 
down into it. This type of boiler is, yjerhaps, that 
most commonly used in marine service. 

DryabacK Boilers, The foregoing are all 
wet-back boilers — that is, the combustion chaml>er 
is backed by a water space, and this is the design 
which is almost invariably adopted. There is. 


however, a type — the 
boilei- — fin which the 
terminates with the 
furnace end and 
tube ends, the com- 
bustion chamber 
being formed with 
brickwork. Its prin- 
cipal advantage is 
cheapness. Figure 
104 is a dry- back 
boiler by Tinkers, 


dry - back 
boiler y»roiK)r 


|s|gs?|aj 


_ -iii; \ Oval Boilers. Most marine 
l)oilcra are of cylindrical shape. 
But a number arc made of the 
.so-called oval form, which is. 
however, composed of two S3mi- 
circles connected by flat sides. 
106 TWO-FLUED MULTI- jiig only advantage of this is that 
TUBULAR BOILER such boilers can be set in spaces 

where width is contracted. 

The Locomotive Type. In this, the 
distinguishing feature is the large number of 
smoke tubes w'hich, passing through the water, 
assist in the rapid generation of steam. For re- 
marks on these, set*, the article on Locomotives, 
pige 6514 ; see also 227, on page 3101. This 
type of boiler is used extensively in other ways. 
It is employed on tori)odo boats, differing chiefly 
m the fact that the firebox is wider, and general 
longer. It is used for portable and traction engines, 
106 , and for the under- type engines. 

In order to obtain a large amount of heating 
surface from tubes, they are made relatively small, 
and closely packed. A few large tubes would not 
provide the same heating surface as a large number 

- ^ of small ones, because 

while the circumfer- 
ence of a tulx^ 

increases only ns 
3*14159 of its dia- 
meter, the space 

occupied increases 
nearly as the square of its diameter. Thus, 
while a tube 1 in. in diameter will have a circum- 
ference of 3']4159 in., one of 0 in. diameter will 


Ltd., the brickwork 106 . MULTiTUBULAR BOILER OF haveacircumferenceof 6x 3 14159 = 18*84954in. 


not being illus- ROAD ROLLER 

trated. The furnace (Avclin^f & Porter, Ltd.) 

flue goes right from 

end to end. There are 114 tubes, 3 in. in 
diameter, solid drawn. • Twenty-four of these 
are stay tubes — that is, they are screwed and 
nutted at the ends to grip both inside and 
outside the end plates. There are no gusset 
stays required at the top, but only those at 
the bottom. 

Composite Boiler. In another design of 
dry- back marine boiler, the combustion chamber 
is situated at the end of the firegrate just 


But it will occupy an area of cross section of 
28*1744 in. So that in an inch tube, the ratio 
of circumference to cross section will be 
3*14159 to 0*7854, and in a 0-in. tube it will be 
18*84954 in. to 28*1744 in. Therefore, by placing 
a large number of small tulles in a boiler, a much 
greater heating surface is obtained than by the 
insertion of a few large ones in the same space. 
But this must not be carried too far, for then the 
tubes and spaces are liable to become chokod and 
the circulation impeded. 

The Vertical Boilera. The horizontal- 
flued boilers have a good reputation for staying 
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capacity. That is, they will maintain a large 
supply of steam with little fluctuation. The 
volume of water and steam space is large, the 
firing can be done very regularly, the water level 
and the steam pressure can be maintained very 
easily. On the other hand, they are not suitable 
for any but permanent service, being necessarily 
located in one spot over brickwork flues, and being 
moreover very massive. Hence, for a large extent 
of service the vertical boiler is employed. It is 
never made in dimensions so large as those of 
Liancashire boilers, though the lar^st vertical are 
as big as many Cornish boilers. They require no 
brickwork, ana no foundation, and can, therefore, 
be e^isily transported and set down anywhere. 
But they are generally used as a fixed element, 
as on the foot plate 


of a steam crane, 
or a hoisting engine, 
or a fire engine. 
Immense numbers 
are used, more 
because of their 
great convenience 
than for high 
efficiency. They 
are not so econo- 
tnical as the 
Cornish and Lan- 
cashire, the steam 
supply runs dou7i 
very rapidly 
under severe ser- 
vice, because the 
steam and water 
areas are small, 
and firing cannot 
be done so well 
as in the other 
boilers named. 



of the firebox is connected to the crown of the 
shell by means of an uptake, through which the 
smoke and products of combustion pass into the 
chimney. In the larger boilers screwed stays also 
connect both crowns. All boilers of this ty^ie, 
except the smallest, are fitted with cross tubes, 
ranging from one to three. These are set at angles 
with each other, and are often inclined slightly 
from the horizontal to lessen chance of deposit 
occurring. Mudholes are set opposite the tul^^. 

Generally the designs of tubular vertical boilers 
involve firetubes. There are many of these, 
varied in all conceivable, fashions. Many are 
objectionable, because of the difficulty of cleaning 
and repairs. A novel design is that in 107, in 
which water tubes are fitted, the flame surrounding 

them being dis- 
tributed and 
broken up by the 
two cross tubes, 
assisted by the four 
diffusion •plates [A] 
seen in plan and 
elevation. The 
circles of tubes 
increase in size 
towards the cir- 
cumference where 
the heat diminishes. 
Eight of the outer 
circle are stay 
tubes. B is the 
firing hole, and C 
the ashpan open- 
ing. The drawing 
is largely self- 
explanatory. 

Water • tube 
Boilers. These 
have been slowly 



I)ecau8e the grate 
is not suitable 
for preliminary 
coking of the fuel, 
being of rather 
small dimensions, 
and having no 
dead plate. Still, 
for intermittent 
kinds of service 
they are useful and 
popular, and steam 
can bo got up in 
them in a small 
fraction of the 
time required in 
the boilers laid on 
brickwork flues. 



winning their way 
to favour ns rivals 
to the Scotch boiler 
for marine service, 
and to the Cornish 
and Lancashire for 
land power plant. 
They are used 
largely in central 
stations, and are 
as popular in 
America as in 
Europe. They are 
economical, and 
the furnaces can 
easily be designed 
for burning inferior 
fuel. Water - tulx? 


The vertical 

boiler [see 218 and 219, page 3099] is a cylinder 
standing on its base, the upper portion of which 
is occupied by steam, and the lower by water, 
covering and surrounding the internal furnace 
(firebox). This also is cylindrical, but is a 
frustum of a cone, the amount of coning on the 
depth of the firebox amounting to about 3 in. 
in the diameter. The reason of this is to facilitate 
the disengagement of the bubbles of steam as they 
are formed in the narrow annulus between the 
outer shell and the inner firebox. The two are 
united by means of a ring at the base — the founda- 
tion ring — or by flanging, and also by a ring en- 
circling the firehole. In largo boilers a few 
screwed stays also connect the two. The crown 


boilers are the tyjio 
of the near future, both on land and sea. They 
satisfy the demand for high pressures with diminu- 
tion in weight. This is chiefly due to the difference 
in confining water and steam in the body of a Scotch 
marine boiler, which is a casing of large diameter, 
measuring from 14 ft. to 16 ft., and confining it 
in many tubes of small diameter. The steel plates 
of which a large marine boiler are made range from 
in. to 1 1 in. in thickness, and this thickness is 
necessary to withstand steam pressures of from 
150 lb. to 200 lb. to the square inch. But small 
tubes only i in. thick will endure pressures 
of 300 lb. or 400 lb. to the inch with absolute 
safety. A boiler, therefore, having water-tubes 
of 3 in. in diameter, and but i in. thick. 
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18 stronger than a cylindrical boiler the shell of 
which is li in, thick. 

The Belleville boiler is the pioneer broad type 
on which many others have been designed, the main 
characteristic of which is the fact that the tubes are 
inclined within a few degrees of the horizontal. 
The methods by which they are made to communi- 
cate with the steam drum vary in different designs, 
and their method of fitting also. Some of these 
differences are of much practical importance; 
but the only point which we note here is that 
these boilers constitute a class by themselves, 
and that their value lies in their capacity for regular 
service, which renders them suitable for battleships 
and cruisers, as well as for the mercantile marine, 
in which they are largely used, and for land service. 
The boilers of this broad type include the Belle- 
ville, the Niclausse, the Babcock and Wilcox, the 
Diirr, and the Lagrafel d’Allest, The other main 
tyj)c of boiler is that which is used chiefly for 
tori)edo-boats and destroyers. The best known 
examples are the Yarrow and Thornycroft, the 
Normand and the Du Tem])le Guyot. There the 


The Babcocll and Wilcox. We can 

illustrate only one type here [108]. It is one of 
the few very successful kinds. From five to six 
millions of horse-power of these boilers are in use 
in various parts of the world. One of the land 
type is shown in the figures, encased in brickwork. 
FVom the firegjrate A the heat passes up among and 
along the inclined tubes B. C is the drum which 
contains water and steam. The circulation is 
set up in the water by the heat, the steam generated 
in the water-tubes B is liberated, and rises to the 
upper part of the drum, and water from the lower 
part of the drum comes down to occupy its place. 
This circulation goes on through the headers D, D, 
which are steel boxes into which the ends of the 
tulies are secured by expanding. The brickwork is 
enclosed in a casing of sheet steel, and doors are 
provided to the furnace and to the ends of the 
tubes. The various valves, gauges, and damper 
will bo noticed. 

Combustion. The economical results of com- 
bustion are so different under different conditions 
that it will be well to state what goes on in a boiler. 




tubes are arranged in gi’oujjs far removed from the 
horizontal position, being, in fact, sloped several 
degrees away from the vertical, which imparts 
to their casings an approximately triangular outline 
instead of the square, box-like form of the casing 
of the other types. This broad difference is most 
important. The nearly vertical slope of the tubes 
))ermit8 the steam to escape more rapidly into the 
collector or drum than the nearly horizontal arrange- 
ment does. Hence these boilers are very rapid 
steam raisers, and are thus admirably suited for 
tori)edo-boat service. These boilers represent the 
very highest developments of the water-tube tyxies. 
They are the nerves and sinews of the torpedo-boat 
and kindred craft. But the type which is l^st suited 
for this service is not the best for a battleship or on 
land. Not only in naval service, but also in the 
mercantile marine, these boilers are •displacing the 
older types. Water-tube boilers predominate on the 
Continent over all other kinds, but they are not as 
yet great favourites in Great Britain, the exceptions 
hero occurring chiefly in some of the modem works 
for producing electric light and power. 


In the most perfect combustion tliat can occur, 
the air supplied would be in the exact quantity 
reqiiisite for the complete combustion of the carbon 
and hydrogen in the fuel, without leaving any 
surplus. A portion of the oxygen in the air would 
combine with the hydrogen liberated from the fuel 
to form water, gas, or steam, the remaining portion 
rniting with the gaseous and solid incandescent 
carbon to form carbonic acid. The steam, the 
carbonic acid gas, and the inert but heated nitrogen, 
dissociated from the oxygen of the air, pass on 
into the chimney, having their heat abstracted 
from them during their transit. This is a result 
achieved in few, if, indeed, any furnaces, unless 
perhaps for exceptionally short periods. The 
perfect diffusion and intermingling and chemical 
union of the elements in their combining weights 
results in intense heat, the heat due to chemical 
energy ; while having no elements left unsatisfied, 
there is no waste and no thick smoke, the waste 
gases being nearly colourless. The more nearly 
practice can be made to approximate to this perfect 
combustion the better. 
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used In Western countries as a medi- 
cine for doRS and as an iiiRredicnt 
in dentifrice. Ctitch, used in dye- 
liiR, is made from areca [see page 
50061. 

Appowpoot — Arrowroot is obtained 
from the underground stems of a 
tropical plant, Maranta arnndinacea 
[for botanical classification see page 
355J. The finest arrowroot conies 
from Bermuda. Tbe root stems are 
white in colour, and grow up to 2 ft. 
long. The starch which they contain 
is extracted by macerating and 
washing them, allowing the fibrous 
outside portion to be removed, 
and the milky liquid remaining to 
settle, afteir which tlie sediment 
is taken out and dried. Arrowroot 
is rich in starch, and is an easily 
dige^st/Cd food, hence its value for 
invalids, but it is low In nutritive 
value. It is extensively adulterated 
witli potato starch. East Indian 
arrowroot is obtained from different 
varieties of Curcuma, a jilant of tlie 
ginger family. Florida starcli or 
Florida arr^wnnit is made from 
spec^ies of Zaniia. 

Ash — There are several scores of 
varieties of ash-irtM‘s. Englisli ash 
(Fraxinus exrehior) provides the 
most valuable timlier [for its physical 
strength see ])ages 1260 and 1261; 
for botanical classification see page 
and for principal uses see (ieneral 
Indexl. 

Aspen — See Poplar. 

BAMBOO — Tbe bambcMi (liamfmm 
arnndinacea) is the name applied to 
a group of grasses with woody stems 
tlnit grow ill tropical countries, 
notably India, China, .laiian, and to a 
smaller extent in Africa and America. 
The common bamboo {liambusa rul- 
garia) sometimes grows to a height of 
over J0(» ft., witli a base diameter of 
1 ft. It flowers at intervals of some 
years, and the grain is used as a food 
in India. In tbe West Indies tbe 
young slioots are eaten. 'J’he hollow 
canes are solid at the nodes, and tins 
makes them easily cut into vessels. 
'I’lK^y also serve as pipes and us 
(‘(utain poles. (Iheap tablc.s and 
other furniture are made from bam- 
boo, and bicycle frames were made 
from them a few years ago, but thi.s 
was a fad which speedily expired. 
1’here are over 200 different species 
of bamboo, and several of them are 
hardy enough to be grown in English 
gardens. The young shoots of 
bamboo are used as a paper-making 
material, the older stems being use- 
less oil account of the sllicUms ex- 
ternal coating which they have 
developed. [See also page 5721.1 

Banana — During recent years the 
banana has advanced in favour in 
(treat Britain until it ranks high 
among our imported fruits. Our 
chief source of supply is Jamaica and 
other West Indian islands. Tin* 
cultivated banana is seedless, and is 
propagated by cuttings. Tbe true 
banana is the Musa sapientum, the 
plantain or pisang being a sub- 
variety. The Juinaica banana-tree 
is about 12 ft. in height, and is larger 
than the Canary or China banana, 
which grows about 6 ft. high. Tin* 
nlaiit has root steins which send forth 
leaves, the petioles of these leaves 
forming a hollow stem. I'he blades 
spread out from the leaf sheaths, and 
are 6 ft. long or more. The fruit- 
carrying stems, which spring straight 
from the roots, emerge from among 
the leaves. The fruit grows in huge 
clusters, such as may Vie seen in our 
fruit markete — a cluster weighing up 
to half a hundredweight. The fruit is 
gathered green, and ripens on its way 
to our market. The banana is an 
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important article of food in the coun- 
tries wliere it grows, but is generally 
despised by the higher classes. In 
Jamaica it is given to cattle. The 
dried flour of ripe bananas is made 
into bread and cakes, and has some 
nutritive value, containing about 20 
per cent, of sugar and 5 per cent, of 
albumin, the remainder being nearly 
all water. 

Basswood— Sec Lime. 

Bavwood — See Mahogany. 

Bebeeru — See Ore.enhcart. 

Belladonna— The belladonna, or Deadly 
nightshade {Atropa belladonna) is 
a perennial poisonous plant that grows 
ill Europe, Asia, and America. 'I'he 
root, the stems, and the leaves are 
used in medicine, lieing of value for 
the active principle atropine, which i.s 
isolated by distillation with alcoiiol 
and chloroform. Tlie dose of the 
leaves is 1 gr. and of the root | gr. 
(otlicial TJ.S.A.), but in this country 
the drug is administered only when 
prepared as an extract or tincture, 
or as a preparation of atropine, 
while externally it is used as a lini- 
ment, an ointment and a plaster. 
Externally, belladonna is applied for 
rheumatism, neuralgia and local 
inflammations. Internally it is given 
for spasms, heart failure, fever, acute 
sore throats, etc., and in the form of 
atropine is applied to the eye. The 
antidotes to belladonna poisoning are 
the stomacli-puinp and emetic.^, 
followed by stiniiilantB. also aponior- 
idiinc and pilocarpine injected hypo- 
dermically. 

Benzoin — Jleiizoin, otherwise called 
gum benzoin or gum lienjamin, is a 
resinoiiH balsam from the styrax hen^ 
zoin of Java and Sumatru. I'he 
chief uses of lienzoin are in the 
manufacture of perfumery ; as an 
incense for church n.se ; and in 
medicine. When lard is used as an 
ointment base, benzoin is usually 
added to preserve it sweet. As an 
external application benzoin is stiiiin- 
lating and antiseptic; compound 
tincture of benzoin, which is known 
as Friar's balsam^ is in esteem ns a 
dressing for wounds. Internally, 
benzoin is anti-septic, and a stimnlat- 
ing expectorant. 

Betel Nut — See Areca. 

Bibiri — See Greenheart. 

Birch — Th<! common birch {BePtla 
alba) is the most graceful tree of onr 
woods, and is one of the hardest. It 
can grow in the mast exposed situa- 
tions, and is the only tree found in 
Greenland. It flourishes throughout 
Northern Europe and Asia. It grow.s 
as high as 80 ft., and has small, 
serrated leaves, and its fruit is a 
small nut. The thin outer skin of 
the bark, which has caused it to he 
known ill some districts as the sileer 
birch, was formerly used as a v^Titing 
material. The bark has been used 
extensively for canoes by the North 
American Indians, and in laiplaiid it 
is used as a roofing material — two 
evidences of its enduring qualities. 
It eontuins about 10 jier cent, of 
tannin, and is used in leather inanii- 
factnring — both in this country and 
in Bussia. llnssia leather owes its 
characteristic properties to birch 
hark, which, in addition to its tannin, 
contains an aromatic oil which the 
leather absorbs. The oil is extracted 
from the hark and used in leather 
dressing, and also os an anti septic 
for open wounds by Jiussians. Birch 
trees are easily propagated from 
seeds, which are sown in spring in a 
fine sandy soil, which should just 
cover them. The wood is soft but 
durable, with a close and even grain. 
It Is largely used for chair and furni- 
ture manufacture, and much turned 
woodwork is made from It. Selected 


pieces with fine wavy markings on the 
surface are used in (he form of veneer. 
There are numerous varieties of 
birch in Europe and America. 

Black currants — See Currants. 

Bogr oak— See Oak. 

Borax — Borax is biborate of soda 
and occurs naturally in several jiarts 
of the earth, although it is also 
manufactured from boracic acid 
otitained by evaporating the w^aters 
of the volcanic lagoons of Tuscany, 
and from borate of lime found in 
Peru. The oldest source of native 
borax is Tilict, and it is lmiK»rted by 
way of India. It conics from the 
East under the name of lineal, and is 
frequently received rellned, the 
operation of refining being per- 
formed by dissolving it in water and 
allowing it to recrystallise. The 
chief source of borax is now the 
Pacific slope of North America — the 
ColiimVins Valley in the State of 
Nevada, the largest knowm borax 
field (10 miles long and 7 inile.s 
broad), being a desolate and for- 
bidding region, devoid of vegetation 
except small saline plants. The 
mo.st important use of borax is as 
a flux in glazing pottery and in 
welding and brazing metals. Boracic 
acid, the vahiahle antiseptic and 
antiputrefaclive, is obtained by the 
action of sulphuric acid on borax. 
It is used as a powder, as an oint- 
ment, a lotion, and in many otlier 
forms. Both borax and boracic acid 
are n.sed to preserve milk and otlier 
foods ; medical opinion is divided 
upon the value of this practice, 
many experts holding that, es- 
pecially in the case of children, it is 
pernicious. 

Boxwood — Common lioxwood {Boxus 
semperx'irens) is an evergreen shriih 
faniiliar as an edging for garden 
plots. It is propagated by cuttings, 
and is develoned lK*st by division. 
It grows slowly. Some varieties of 
boxwood may reach the height of 
20 ft. The wiMid is hard and close, 
finegrained, and of even texture. It 
i.s most familiar as the material from 
which carpenter’s rules are made, 
and it is also used for w'ood engraving 
and tool handles. Owdng to the small 
supply of true lioxw’ood, a substitute 
has been found in the West Indies, 
and is largely n.sed. Jt is known as 
West Indian boxw^ood, or while 
cedar. 

Brazil Nut— The Brazil nut that 
reaches onr market is the fruit of a 
tree (Bertkollelia rxcela) that grows 
in Brazil, Venezuela, and Guiana. 
The nuts or seeds — usually from 18 
to 24 in number — are contained 
in a hard shell of round shape and 
niiout 6 ill. diameter. This outer 
shell is broken, and the seeds are ex- 
tracted and dried in the sun before 
being packed for export. The nuts 
are rich in oil, of whicli they can he 
made to yield 60 per cent, of their 
weight. The process of oil extrac- 
tion consists in roasting the nuts 
and expressing the oil by pounding 
and pressing, 'riie oil may be re- 
covered also from (he iinroasted 
nuts. When fresh, Brazil nut oil, or 
Castanha oil as it is usually termed, 
may he used for culinary purposes ; 
but as it soon turns rancid its use is 
chiefly for soap-making and burning. 

Broom corn — The liroom corn is 
extensively cultivated for tlie fruit- 
ing stalks, which are cleared of seed 
and used for carpet, brushes or carpet 
whisks, as they are termed, and 
dandy brushes for stable use fsee 
page 6106J. The plant is tlie grass 
Sorghum dura, which is allied to the 
sugar sorghum [see page 4354]. 
In America, broom corn is an im- 
portant crop. It is sown as early as 
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possible in rows about ft. apart. 
When the shoots appear, they are 
hoed and soon afterwards thinned. 
Tlien a shallow cutting plough 
is run between the rows. The corn 
tops are cut while the corn is yet 
green, and the seeds are removed by 
a machine. Then the “brushes/’ 
or panicles, are spread on racks to dry 
and are packed for transport or go 
into the factory to be made into 
brushes. The corn stalks after the 
remoMal of the crops are 5 ft. to (S ft. 
high ; they are allowed to remain and 
are ploughed in the following spring. 

Buckwheat — See Millet. 

CAMEL HAIR — Camel hair is an im- 
portant article of export from North 
Africa, Asia Minor, and Ontral 
Asia. It is the hair both of the 
dromedary or single-humped camel 
and of the two-humped camel proper. 
It has different degrees of fineness, and 
different colours according to locality, 
and to the age and individuality of 
the animal from which it is taken. 
One animal yields hair to the extent 
of about in lb. annually, the under- 
side of the neck, the humps, and the 
upper legs being the places yielding 
hair sufficiently long to be com- 
mercially valuable. The hair from 
the younger animals is the finer. 
’Fhe Arabs weave it into cloth, making 
shawls, carpets, etc., wMth it. Sonn* 
very fine cloths, which arc l>oth warm 
and soft, are made with it, and the 
modern prophet who followed the 
example of his ancient prototype in 
affecting “ garments of camel’s hair ’* 
w’ould not nece.^sarily lead a life of 
bodily discomfort. The so-called 
camel-hair brushes are made with the 
hair of squirrels* tails, and not with 
the hair of the camel. 

Camphor — Camphor may be re- 
garded as a resin as it is soluble 
iu alcohol to the extent of 1 in 
II, while it is soluble in water only 
to the extent of 1 in 700. It Is 
n white crystalline substance ob- 
tained from the Cinnaniomum. cam- 
phnra of Formosa and Japan. It 
reaches this country in the form of 
cubes of various sizes and of bells. 
Flowers of camphor is the powdered 
form. Camphor is used in wardrobes 
and rnu.seums to prevent the ravages of 
moths ; a.s an ingredient in varnishes ; 
iu the manufacture of fireworks; and 
iu medicine. For external applica- 
tion camphor is of value in sprain.s, 
rJu'umatism, and inflammation, and 
I if email y (dose 2 to ,*> grammes) it is 
sfdative, carminative, and anti- 
septic ; and is given for nasal catarrh. 
It is also used extensively in the 
manufacture of celluloid or xylonite 
(.see page 5470], 

Carrageen — see Iritth Mogg. 

Catechu — f>et‘ Areca and Acacia. 

Catgut — Catgut may be included 
among the natural products. It is 
made from intestines, but never 
from those of the cat. hence the 
name is entirely inappropriate. Ilie 
Intestines used are generally those 
of the sheep, and sometimes those of 
the horse, mule, and ass. The first 
process in manufacture is to clean the 
intestines thoroughly, aher whi<-h the 
‘mail ends are tied together and laid 
ovf'r the edge of the vat or tub, in 
viiich the greater portion of the in- 
t f st ine remain.s to soak for a few days, 
tlif water being frequently renewed. 

'I hi- treatment hKisens the mem- 
I r.ines. Now the intestines are laid 
on a shilling table and scraped with 
a steel instrument, which removes 
the external membrane, which Is 
jTsed for making the strings of tennis 
rackets and other purposes. The 
intestines from which the outer mem- 
brane has tieen removeil are then 
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steeped for one day and again 
scraped. ’The large ends are now 
cut away and sold for sausage skins. 
The small parts are again allowed to 
lie in water, and are then steeped in 
a bath of water in which potash and 
carbonate of potash have been dis- 
solved (1 oz. of each to the gallon of 
water). Then they are drawm by 
hand or machine through a perfor- 
ated thimble, which makes them 
uniform and smooth. After a final 
washing they are sorted according to 
size, and are ready for the market if 
to be sold unspun. If desired to 
t w’ist them into ''ords, the lengths are 
sewui together, the external mem- 
brane removed at the first scraping 
being used as a thread. The sewni 
lengths are put in suitable numbers 
into a sort of rope-spinning maeliine, 
where they are twisted. They then go 
into a lead-lined chamber, where they 
are exposed to sulphur fumes, and 
are then dyed, smoothed, heated for 
a short time to make them firm, 
twisted into strands, and are ready 
for the market. The chief use of 
catgut is for musical instrument 
strings and for cords for clock- 
weights. It is also us€»d ns a cord 
for sash-weights in sliding window 
frames. The gVhu'o^m gitf used for 
anglers* hooks is made by taking 
the silk glands from the body of the 
silkworm before it has bpgun to spin, 
by extracting therefrom the silk 
which is still glutinous, and by 
drawing it out into a thread. 

Cedar — The cedars of Lebanon (Cedrug 
libani) are famous historically, and 
furnished the wood for the Temple of 
.Solomon, but they have ceased to 
furnish timber for industrial use. 
The word cedar is now applied to 
the timbers of different trees which 
all have the qualities of yielding 
wood of even grain, light and soft 
and sometimes aromatic. Cedar 
used for lead pencils is chiefly the 
w<a>d of Janiperig herrnudiana, 
a red-coloured fragrant wood with 
the reqiiired properties. Red cedars 
of India and the West Indies are 
extensively use<l for cigar boxes. 
I’he Indian cedar, or detdar (Cedrug 
dewlara), is looked npoii as sacred, and 
is found around Jmlian temples. If 
is also used for sacred images, 
for coffins, a»id for railway sleepers. 
It is the chiet tree of the Himalayas, 
and grows in forests. The different 
varieties of cedars are used for 
furniture — iK-ing valuable for the 
interiors of wardrobes, etc., on ac- 
count of their immunity from attack 
by insects — and for wainscotting 
and turning. The consumption is so 
great that the market is alw'ays on 
the look-out for iicw’ sources or for 
woods with etpially suitable proper- 
ties. The cedar is one of the most 
imposing trees in an English land- 
scape, its dense branches of dark 
leaves making it distinctive. Cali- 
fornian redw'f)od (Segnnia. gemper- 
is a red cedar, and its timber 
is the softest ii.sed in commerce. 
The inanimoth tree of California 
iSeguoia gigantea) is another variety. 
It is found only in California, and 
specimens have !M*eii known over 
400 ft, high and 110 ft. in circum- 
ference. One tree'has had a tunnel 
made through its base, and a road- 
way goes through it. Tlie While 
Cedar of the West Indies is used as 
a substitute for boxwood fsee Box^ 
V'ortd]. 

Century plant— See Sinai. 

Charcoal — Cliarcoal may be w'ood 
charcoal or animal charcoal, made by 
burning wood and tmiies respec- 
tively. In making charcoal intended 
for fuel, the usual practice Is to pile 
the wofal into heaps, usually in a 


dome-shaped kiln, and burn it until 
it is charred, the charred wood, wiiieh 
retains its original shape, being the 
chan^oal. For the manufacture of 
charcoal for gunpowder special can* is 
exenfised in selecting the wood, which 
must be sound and free from adhering 
bark, and the heat is applied to the 
outside of cast-iron retorts in w'hich 
the wood has been placed. Animal 
charcoal or bone-black^ as it is also 
called, is made by heat ing bones iu a 
retort or crucibh?, when gases are 
given off, some of which condensi^ 
as a heavy oil, called bone oil. Tin* 
chief uses of w'ood charcoal are as fuel 
iu the manufacture of gunpowder, and 
as a non-conducting material for cold 
storage chambers. I’he chief use of 
bone chanroal is for decolorising 
syrups and in sugar manufacture. 
[See also page 4451.1 

Cherry — The clierry is a small fruit 
of the plum family. There are many 
varieties of cultivated cherries, which 
have probably all evolved frou) 
Prunm avium and Prunug ceragug. 
Cherries are grown exten.sively in this 
country, although we derive some 
supplies from eontiuental Europe 
and from Canada. Cherry trees 
should be planted iu an open situa- 
tion with a southern aspect. Standard 
cherry trees should be planted 24 ft. 
apart and bush cherry trees ff ft. 
apart. Rrauches should be thinned in 
.Inly and December every year. 'J’he 
late morello cherry, one of the best 
cooking varieties, grows best on a 
wall. Cherry brandy and various 
liqueurs, including maraschino, kirsch- 
wasser, and ratafia, are made with 
cherries. 'J'o make cherry brandy, 
flll a bottle half full of nu)relIo cherries 
— having cut off the stalks, wiped 
the fruit and pricked it with a 
needle. To each pound of (Cherries add 
twelve scraped bitter almonds and 
3 oz. of sugar candy ; then flll the 
bottle with brandy and allow the 
whole to stand for not less thansi.v 
months, after which the liquor may bo 
strained off. There are numerous va- 
rieties of cherries, the chief of which 
are the late morello and the Kentish 
(both gtHKl cooking cherries), the* 
early yellow Elton, the May Dueen, 
the Archduke, and the Black Eagle. 

Chestnut — The chestnut (Castanea cm/- 
garis) is found in Jhirope, Asia 
Minor, and in temperate America. It 
is also known as the Spaninh or nweef 
chegtnut. The chest nut tree is 
hardy, but the fruit conics to ripe- 
ne.ss only if the situation is sheltered. 
The tree must have not less than 20 ft. 
of space all round. The wood reseiiibles 
oak in colour, being of various 
shades of browm, and is used for simi- 
lar purposes. 'I’he roof of Westminster 
Hall is alleged to be chestnut. The 
wood of old trees is somewhat brittle, 
and when strength is wanted, younger 
trees are selected. The nut of the 
chestnut free is edible, and is usually 
roasted. When the nuts are ripe 
and full, they should be gathered, 
taken from their husks and dried. 
The dried nuts are sometimes ground 
into flour, and made into bread 
or fritters. The Italians favour chest- 
nuts as a food, and have several 
methods of cooking them. They make 
a porridge of chestnut flour, and <*all 
it polenta.. They also sprinkle rose- 
water and grated cheese upon chest- 
nut flour fritters, afterwards frying 
them in fresh butter. The chestnut 
is not particularly nutrition** as a 
food, but roasting makes it much 
more easily digested. The nut of 
the horse ehcsttnit {JEgc^dug hippo- 
cagtanum) is too bitter for human 
food, but is sometimes given to cattle. 
It also contains an oil of a dark 
green colour, w'hich is expressed, 
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and in Continental countries Is re- 
garded as a specific for rheumatism 
and gout. 

China Grass — See Ramie. 

Citron — Heo Lemon. 

Clingstone— See Pea4;h. 

Coca Leaves — Coca leaves, the source 
of the valuable local anajsthetic 
coeaine, are the loaves of Ery- 
throxylum coca, a shrub that grows 
in Bolivia, Peru, and in some parts 
of Southern Asia. The Bolivian 
leaves are brownish green in colour, 
oval, and vary in size from H in. to 
3 in. long, by from 1 in. to li in. 
broad, with a characteristic odour and 
a bitti'r taste. Peruvian coca leaves 
are smaller and more fragile. Coca 
has remarkable sustaining properties 
upon both the mental and physical 
organs, and the South American 
natives chew the leaves, mixed with 
lime and the ash of a local plant. 
The drug is insidious and intoxi- 
cating, and many men become slave.s 
to the habit, which shortens life. 
The official dose of cociuine leaves 
i.s i dr. to 2 dr. Of the various 
preparations of coca, the iirin- 
cipal is coca wine, given as a 
nervine and muscular tonic. Of the 
alkaloids cMintained in c<k'u, cocaine 
i.s the chief. It is used in dentistry 
as a local amesthetic, being injected 
hypodermically into the gum ; also 
externally for burns, insect bites, 
fevers, etc ; and internally as a 
stomachic. Tin? preparations from 
c<H'uine and its salts are very numer- 
ous. Antidotes to c(K‘aine poisoning 
are amyl nitrite, nitroglycerin, 
digitalis, .strychnine, ammonia, and 
strong coffee, and ether in hypo- 
dermic injections. 

Cochineal — Cochineal is the name <»f u 
dye and of the insect from which 
that dye is made. This insect is the 
(\>ccu8 cacti, the chief sources of 
which are (Guatemala and the Canary 
Islands. It lives upon several specie.^ 
of cactus, the principal being Vactux 
nopal. The insects are caref<dly 
reared, and the female.s are placed in 
gauze bags, which are hung around 
upon the leaves of the growing tree, 
the bijds of which are removed as th(‘y 
appear, so as to give all the susten- 
ance U) the leaf growth. As the y<juug 
insects are born they spread them- 
selves over the leaves. When the 
time of spawning anproaches they 
are collected into baskets, spread fuit 
on the ground or. on trays f(»r some 
time, then placed in heated (*vens for 
u few hours, and finally thoroughly 
dried in the sun. Black cochineal and 
silver c(K'hineal are the names given 
when differently prepared for the 
market. Cochineal is frequently Ini- 
poverished or adulterated. Its chief 
use is in dyeing, although the coal-tar 
dyes have seriously impaired its value. 

Cocoa — Cocoa, or cacao, is the pod 
fruit of an evergreen plant, Tkeo- 
broma cacao, which grows in the West 
Indies, tropical America, (Tiiinea, 
Ceylon, and elsewhere. [The manu- 
facture of cocoa and chocolate has 
been described on page 65,'>5.] 1'he 
cultivation of cocoa demands care. 
The seeds are taken from the ripe 
pods, and are sown about 1 ft. apart 
in furrows 2 in. deep, and just 
covered with earth, on the top of 
which plantain leaves are spread. 
After two weeks, shoots will have 
appeared, and must be kept well 
watered until they are 14 in. or 16 in. 
high. Then they are transplanted to 
dieltered situations, where the soil 
is well irrigated. The cocoa-tree 
requires shade, and this is got by 
planting with them conil-bean trees, 
which grow much higher than the 
cocoa-tree. The trees must be pruned 
regularly, so as to develop a single 


stem with a full head. There are two 
harvests a year, in June and Decem- 
ber ; but in the tropica the fruit 
gets ripe throughout the year, and 
wiiat is ripe is gathered fortnightly. 
The pods are detached wdth a knife 
on the end of a pole. The average 
yield is 6 Ih. per tree per annum. 
Heff)re being exported the pods are 
cured [see page 6555]. 

Coconut — The coconut, generally 
miscalled cocoanut, is the fruit of 
Vocoi nucifera, a tropical palm, and 
must not be confounded with the 
evergreen Theobroma cacao, whose 
pod fruit is made into cocoa and 
chocolate [see above]. The coconut 
palm is found in nearly all tropical 
countries, and there is no single tree, 
except perhaps the bamboo, which is 
so generally useful. In the l*acific 
I.slaiids, In the East and West Indies, 
and in tropical East and West Africa, 
the tree grows abundantly. 'i'he. 
trees are propagated from the nut, 
and are planted during the first four 
months of the year, or in Atigust. 
The situation should have sun 
exposure, and the patch of ground 
sliould be elevated, so that it may 
be drained naturally. The nuts are 
planted about 1 ft. apart in trenches, 
wliich are kept, moist, but not wet. 
Til© slioots are transplanted from two 
to twelve months after tlieir appear- 
ance. About tlie sevenlli year tlie 
tree begins to bear fruit, and attains 
maturity about the tenllj year, ami 
continues to yield fruit until the 
seventieth or eiglitietli year. The 
annual yield of a tree is from fifty 
to a hundred nuts. The kernel 
of tlie nut contains about 70 per 
cent, of fat, which, in the form of 
coconut oil, is largely us<*d in soap 
manufacture (sec page 4332] and for 
candles. In the We.st Indies, coolies 
cat the oil, using it as w'e use butter. 
Tlie coconut p.aiin can be diverted 
from bearing fruit by cutting off tlie 
flower stalks; tlien, by making an 
incision in the stump and beating it, 
the juice, which is called toiUiy, is 
made to flow. This is an esteemed 
beverage, but ferments quickly, and 
becomes very intoxicating after 
standing a few hours. It serves as 
yeast, and is extensively used by 
bakers in (Vylon and elsewhere. A 
sugar known as jaggery, and resem- 
bling maple sugar, is made from toddy, 
the unferniented juice being boiled 
to a syrupy eonsisteuey and poun'd 
into buckets, where it crystallises. 
'I'liis jaggery is a valuable nrUcle 
of food in some districts ; and it lias 
also a limited use in the munufaetnre 
of a eeinent, beipg mixed with white 
of eggs and the lime from burnt 
shells. This eeinent is highly tena- 
cious, and, w'lieu polished, re.semblea 
white marble. The fibre tliut en- 
closes tlie coconut conics into our 
market as coir. The fibre covering 
is removed from the nut before the 
latter is fully ripe, as, if allow’ed to 
remain, it becomes more coarse. It 
is then soaked, preferably in suit 
water, from six to eighteen months, 
or for a shorter time if tanks wherein 

- the water is heated by steam be used. 
Tiie husks are then beaten or crushed 
ill a mill, and finally “ willow'ed,*’ 
w'lien the fibre is ready for export. 
The chief use of the fibre is for press 
bags, used in oil refining, and candle 
making, for mats and matting, for 
cheap scrubbing brushes, for a coarse 
cordage chiefly used in the harvest 
field, and as a stufling for cheap 
fnruiture. The bark of the coconut 
palm yields a strongly cohesive gum. 
Cod-liver Oil — Cod-liver oil is ex- 
tracted from the liver of the common 
ef)d {Gadm morrhm). The chief 
sources of cod-liver oil are Norway 


and Newfoundland, the former draw- 
ing its supplies of fish from the North 
Hea, and the latter from the New- 
foundland banks. (Ircat improve- 
inentshave been made in the methods 
of extracting the oil, with good results 
regarding the purity and quality of 
the product. The livers must be 
frcsli, not more tliaii tw'elve hours 
after the fish is caught. Good, healthy 
livers only are selected, others being 
rejected. They are placed in tubs or 
ojHMi barrels, and as the oil exudes it 
is ladk'fi off. The livers are then sub- 
jected to lieat not exceeding 180" V’., 
and more oil exudes. Tlie oil is then 
subjected to extreme c«)ld in etiani- 
bers furnished w'ith cylinders cr 
pillars containing brine and snow. 
The portion that remains after re- 
ducing the temperature is drawn off, 
strained, and filtered, and constitutes 
tlie finest medicinal cod-liver oil. 
After the livers have been subjected 
to the natural expression described 
above tliey are heated again, which 
causes a furtlier expression, the 
result being a darker eoJoured and 
slightly inferior oil, wiiieli la still, 
liowever. used mediejnally. After 
til is treatment the livers are lioiled 
dow'n, and yield the dark browui 
cod-liver oil used by tanners and 
for fattening cattle. 1’he refuse 
livers are used as manure, and are 
added to other refuse matter in tlie 
manufaeture of wliat is called fish 
guano. Other fl.sli liesides the cod — 
the ling, tlie turbot, the haddock, 
etc. — yield oil, wliieli is sold as cod- 
liver oil, hut no oil other than that 
from cod livers is regarded oflieially 
as cod-liver oil. Cod-liver oil has 
nutritive properties, and is also an 
active alterative; it is extremely 
valuable in eases of phthisis. Some 
stoinuclis reject it or accept it wMtli 
dirticulty, hence it is freijiiently given 
as an emulsion made by luixing 
with yolk of eggs, water, and other 
ingredients. 

Cola Nuts— See Kola yuts. 

Colocynth — Coloeynth, or bitter apple 
((■Hm'yndndU nulpa of the British 
Bharmaeopuna). is tlie dried pulp 
of the fruit of ('iirullux coloeynt}iix, a 
rree])ing plant of the cucumber 
family that grows in A.sia. North 
Africa, and some parts of EiirojH*. 
When fresli. tlie fruit is green, but 
is yellow-hrowu wlieu dried. Turkey 
eoioeynth is loiisidered better than 
Spanish eoloeyntli, although its 
superiority lias not been established. 
'J'he offirial dose is 2 gr. to 
M gr. It is a freiiueiit ingredient 
in aperient pills, and is a drastic 
cathartic. 'J'he active principle of 
eoloeyntli is colocyntbin, a glucoside 
in the form of an amorphous yellow 
powder (dose, fifteen minims of a 
I per cent, solution in glycerin). 

Copal — Copal resins, much used in tlie 
manufacture of superior v’aniishes 
for outdoor use, include East African 
(‘Opals, American copals and Kauri, 
CowTie or New Zealand copals [see 
page 1034 1. 

Coral — (^>ral is formed by some of the 
marine animals known as CccfeiUera 
(meaning hollow - bodied), wdiich 
have the ixiwer of absorbing lime 
from sea-water, and of building up 
therewith limy skeletons. These limy 
skeletons in the mass form what we 
know as coral, of which there are 
numerous varieties. The delicate pink 
coloured coral is the most esteemed 
variety, and is the dearest. Then 
there are red. black, and dull-white 
corals, all of them divided again into 
several varieties, usually according to 
colour. The chief sources of com- 
mercial coral are along the coasts of 
Italy, ill Dalmatia, and in Algtria. 
The sole use of coral is for purposes of 
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ornament, particularly for inami- 
lacture into t>eads, Miiirli is an im* 
)>ortant Italian industry. 

Cotton Wood~See Poplar. 

Cudbear—See Archil. 

Currants— The dried currants of the 
Rrocery .shops are small seedless 
grapes, grown in Greece and the 
J,evant ; they are dried and trodden 
into casks. The name currant is a cor- 
ruption of Corinth, from the district 
around which they have always come. 
The (Mirraiit grape is also grown in 
Italy, and made into certain kind? 
of Italian wine. The currant of Greece 
must not be confused with the berries 
grown ill English gardens, of which 
there are three varieties — the red 
currant {Rihen rnbrtim), the white 
currant {Ribes album), and the black 
iMirrant (Ribeit nigrum). lilack 
currants make the mo.st profitable 
market cron. The young shwits are 
those which carry fruit, and every 
year all the dead wood and much of 
the old wood should be cut away. 
Only a.s much of the young wood 
should be cut as will prevent over- 
crowding of tlie shoots. In red and 
wliitc currants slightly different 
conditions prevail. The young wo<k1 
should have much more cutting, and 
the old wood much les*;, as the latter 
carries the berries. In May the new 
shoots should be cut to five leaves, 
and in the following November to 
two buds, at which time also the 
leading shoots should be cut down to 
si.\ inches long. Bushes without 
branches in the <*entrc yield the best 
crop. All three varieties do best in 
fairly rich soil deeply trenched. 

DAMMAR — Dammar is the name 
applii'd to a numb<>r of resins the chief 
of which is Singapore, dammar or 
trhife dammar, the resin of the Am- 
bnyna pine ihnmmara orxcntalia), of 
Java and Malacca. Dammars are 
used for varnishes and for making 
sticking plaster. 

Damson— The damson is a small, 
hardy plum largely grown in England, 
and originally imported from the 
Levant. The name is a corruption of 
Damascus i>him. It is useil for 
cooking and preserves, and for a 
pres.sed conserve called damson 
cheese. The mountain damson, or 
bitter damson of the West Indies, is 
the Simiruba amara. 

EBONY — The name ebony is properly 
applied only to the heartwood of the 
trees of the genus Diosppros, but it 
is frcouently apj»lied loosely to any 
hard black wood. The best black 
ebony comes from India, Gey Ion, and 
the Malay Peninsula ilHonpyras 
ebenum). The heartwood is <|uite 
black, while the sap wood is white ; 
the latter is removed before the logs 
are shipped. (Jrcen ebony, so-called, 
comes from certain of the West 
Indian island.s, and red ebony from 
Madagascar and Mauritius. Jet 
black ebony is the species most highly 
valued. If is used chiefly for inlaid 
work, and for small turned arthdes. 
[For the strength of ebony, see jiage 

Elm— There are many varieties of 
elm ; four arc found In (freat 
Britain and two arc abundant, the 
eoinmon elm (Vlnnis campestris), 
and the wych elm iVlmus montana). 
lF<jr the phy.sical properties and 
strength of elm see pages 53 and 
12(H).] Elm is largely used for 
piles and other work imder water. 
Old water eonduits are found to 
be elm trees hollowed out into 
cylindrical fehap<*. Elm, however, 
decays where it is wet and dry 
frequently in sucecs.'^ion. It is also 
a favourite wood for making coffins. 


ASfmnish elm is a West Indian wood 
(Cordia gerascanthus), the timber of 
which is also known a.s Prince tcood. 

Esparto — Esparto, or alfa (Stipa 
tenacmima)y is a grass that is 
extensively used in paper-making in 
this coiintr.v, altlumgh it is used for 
tliis purpose nowhere else. It grow’s 
in Spain, Portugal, tfreecc, Nortli 
Africa and elsewhere. It is hardy 
and can be cultivated in England. 
The grass grows In tufts and the 
interior of the leaf sheath is hairy 
[see page 6280]. The be.st localities 
for esparto are on the sea coast 
facing Bontli and at moderately high 
altitudes. Ghalky soil is best and 
clay i.s nn.siiitable. It is twelvi* 
> cars after sowing before tlic plant 
becomes profitable. The nio.st proflt- 
. nhl(‘ propagation is by burning down 
the annual flower stems, and a good 
crop is got five or six years later ; 
but this method is possibh* only on 
old esparto land. One acre may 
give ten tons of the grass. Harvest- 
ing can be done only in dry weather, 
when an experienced man can pull 
the leaves from the stems, leaving tlie 
latter uninjured to develop fresh 
leaves again. In addition to paper- 
making, esparto is used for cordage, 
sieves and baskets, and in uphol- 
stery. 

FLAX — The uses of flax (JAnum 
nsitatissimum) have been discussed 
el.sewliere [see (General Index]. The 
seed of the plant — linseed — is chiefly 
used for the oil if contains, which is 
expressed from it, and which is used 
as a vehicle for paint, ns a cattle 
medicine and in linoleum manufac- 
ture. The residue from the oil-press 
is made into cake and is a valuable 
catth* food. Cru.slied linseed — the 
linum contusnm of the British 
Pharmaeoperia — is u.«ed medicinally 
ehii'fly for poultices, and flax seed is 
also sometime^s given internally for 
habitual constipation, a tenspcsmtul 
floating in water being taken before 
breakfast, (’arron oil, used as 
liniment for bums, is a mixture of 
linseed oil and lime water in equal 
parts. 

Freestone — See Peach. 

QAM BOQE— Gamboge is a gum resin 
from a tree (Garcinm morella) that 
grows on the coasts of Ceylon, Cochin 
Cliina, and elsewhere in Asia. The 
bark is incised as soon as the flowers 
appt'ar and the resin exudes. It is im- 
ported in the form of solid and hollow’ 
cylinders, and in cakes ; the most 
esteemed variety being Siamese 
gamboge in the form of pipes. The 
chief purpose of gamboge is as a 
pigment, but it is also used medi- 
cinally as a purgative. It is an 
official preparation in India and the 
Eastern (‘olonies. 

Gooseberry — The gooseberry (Ribes 
grosHularia) grows wild in temperate 
Europe and in Western Asia, and 
has of recent years been introduced 
and Fuceessfiilly cultivated in tlie 
Vnlted States. It is a hardy plant 
and grows btitter in the north of 
Britain than in the south. The soil 
.should Ih* fairly heavy, deeply dug, 
and well manured. Full grown 
bushes should be 5 ft. or 6 ft. apart. 
The plants are usually reared from 
sh(K)ts, which ought to be cut in 
September and should be not less 
than 12 in. long. Cut off the tops 
of the shcKjIs and plant with about 
4 in. showing above ground. Prun- 
ing should be attended to, old wood 
cut away as new shoots appear, and 
cross branches removed with the 
knife. The pruning should be 
suffleient to allow sunlight into the 
middle of the bush ami to permit 


entry of the hand for picking. 
\oiing bushe.s will yield a crop of 
about three tons to the acre and 
after three years quite six tons. 

Grape Fruit — See shaddock. 

Graphite — Graphite is frequently iiiis- 
called plumbago or blacklead, an 
error which has arisen from the suppo- 
sition that lead w’as one of jts consl itii- 
ents. It is a native form of carbon, 
and is found in tlie form of masses or 
sheets with mica schist, granite, and 
other miiiernlh. Its geographical dis- 
tribution is very wide, and it occurs 
generally throughout the globe. The 
only know’ll deposit for inaiiy years 
was at Keswiek, iii Cumberland, and 
tlie mines there were worked to enor- 
mous profit for a long time. The chief 
sources at present are Siberia and 
Ceylon, the principal known deposit 
in the former country being in tlie 
hands of Faber, the famous (ierman 
pencil-maker. Apart from the niaim- 
faeture of lead peneilg, graphite finds 
its most important use as a material 
for cnicibles, ami is also used as 
a dry lubricant, and as a stove 
polish. It is iisimI also in electro 
typing and as a conductor in elec- 
trical w’ork. It is manufactured 
artificially by lieating coke in the 
electric fnrnaee. 

Greenheart — Greenhearl (Xcctan- 
dra rodiari) is a tree of British 
Guiana. It is highly esteemed for 
its strength, eln.stieity ami enduring 
properties [sec pages 57, 1260 and 
6407]. From the bark, which is 
know’ll as bibiri or bebeeru i.s prepared 
buxine or pclosine, a sulphate of 
beberine, used in medicine as a tonic 
and febrifuge (dose 1 grain to 10 
grains). 

Ground Nut — The ground nnt, also 
known as tlie pea-nut, or monkey 
nut, is the nnt of a low creeping 
plant, Arachis hypogaea, w’hich is 
extensively cultivated in India and 
the Malay reninsula, Africa, and 
America. The nuts are nutritious, and 
are much eaten in America, being 
nsiially roasted. The most eeononii- 
eal method of extracting the oil is 
to clean the nuts, remove the shells, 
and w’hinow the kernels free from 
shells and dirt . The oil is then pressed 
out cold, after which the residue is 
finely ground and put under great 
pressure under steam h(*at, yielding 
an oil of an inferior quality. Some- 
times there arc three expressions 
yielding respectively a eulinar>’ oil, 
an ilhnniiiatiiig and wool -dressing 
oil, and finally a roarse oil suitable for 
soap-making. Nut oil is often sub- 
stituted for olive oil. 

Guaiacum— Sec Ligmm VUce. 

Guano — Guano is the excretion of 
6ea fow’ls, siicli as sea gulls, pengnins, 
cormorants, and its value as a 
manure is due to the fact that it con- 
tains the most valuable const itiicnts of 
plant food in a form that can l>c 
readily assiniilafed by the plants. 
Ilie precise composition of guano 
depends uiion the locality from 
which it has come, upon the animals 
or birds responsible for its produc- 
tion, and upon the food of these 
birds or animals. The chief constitu- 
ents are nitrogen and pliospliates. 
Nitrogenous guano conies from 
hot, dr>' countries, and phosphatic 
guano from damp countries; the for- 
mer variety is the more valuable. 
The best gupplics have come from 
the Chineha and other Islands off 
the Peruvian coast, and less valuable 
supplies from Patagonia and West 
Africa. Tlie know’ii supplies of 
guano arc fast becoming e.xnaiisted. 
Artificial guanos arc manufactured 
chiefly from fish and flsli offal. 
Norway lias many guano manu- 
factories, making guano from fish. 



Guinea Corn — See MiUet- 

Sums — A gum in a HubHtanoc obtained 
ironi planta, and capable of aolution 
in wat^r, bo as to form a sticky fluid 
Mith more or less adiiesive properties. 
Various so-called gupis used in 
varnish -making and for other pur- 
j) 08 es are not gums i)roper, being 
Boluble in alcohol and not in water ; 
they are properly resins [see iJe«tn«|. 
The most common gums proper arc 
gum arable or gum acacia (which 
constitutes quite a class derived from 
several sources), gum tragaeantli, 
agar-agar and Iceland moss, (lum 
arable is the exudation from the 
stems and branches of Acacia Senegal 
and of other species of acacia. Jt 
occurs in the form of round or ovoid 
tears or irregular masses, and is 
yellowisli in colour or almost coloiir- 
icHH. The trees which yield it grow in 
ilgypt and the surrounding districts. 
The last variety is generally called 
gum Senegal. The mucilage of acacia 
of the Jtritish Phurmacopneia is 
made by dissolving 4 ok. of gum 
acacia in ft fluid ounces of water. 
It'has a limited use in medicine, not 
for its medicinal effects, but because 
it enables other dnigs to be held in 
suspension or in cohesion. Ordinary 
office gum is made wdth gum arabic, 
but is frequently aduftcTated with 
or replaced by dextrin. Oum 
arabic is also used extensively in 
certain branches of the textile trades. 
(him fragacanth comes from Asia 
Minor and tlreece. It is the exudation 
of Astragalus gummifer, and has 
stronger cohesive imqicrties tliaii 
glim acacia. Agar-agar is a seaweed 
{Plocaria iichenoUIes), found in China 
and Malaya and is used for jellies, 
juiper varnisli, and other puriioses. 
Ireland moss is a lielieii found in 
Iceland and North Europe, and is 
ii.sed for similar purposes. 

HAZEL — Tlie hazel {(forylus areHana) 
is a common Pritisli shrub. It is f<Ki 
small to yield timber of roiiimercial 
value, but the wood is used for 
garden furniture, and forked hazel 
twigs are the common divining rods 
used by those with the mysteriiais 
ability to find water by their means; 
Hazel nuts are esteemed as a dessert 
fruit. They yield an oil by expres- 
sion, and this oil has a limited use 
in perfumery. 

Hemlock — The common hoinhM'k is 
a native Britisli plant (('nniufu macu- 
latum), of the order VmbeUiferce. 
Jt is a tall plant having a smooth 
stem wifli purple markings, and 
finely cut, glossy, green leaves. It 
has a strong object iotiabie odour 
uiul is a noisonoiiH ydaiit. It is used 
medicinally, usually in the form of a 
tincture, its action being to paralyse 
the respiratory centres and the motor 
nerves. In addition to the hemlock 
l)lant which grows in this country, the 
name is applied to certain North 
American trees, which are used locally 
as a building timber. Hemlock bark, 
so-called, is obtained from one of 
tliese trees {Abies canadensis), and is 
a very important tanning material in 
(!anada and the Cnited rttates. It 
contains from 7 per cent, to U) per 
cent, of tannin and produces a 
leather of reddish colour. Hemlock 
extract, containing about 30 per 
cent, of tannin, is made from the bark 
and is exported from Canada to the 
Tiiiited States and to Europe. 
Henbane — Henbane grows in England 
{Hyoscyam-ns niger) and throughout 
Northern Europe and Asia. It is u 
tall herb with large hairy leaves and 
a pungent odour. Extract of hen- 
bane is used in medicine (dose 1 gr. 
to 2 gr.), and is a hypnotic and 
narcotic. It contains the poisonous 


alkaloids hyoseyamine and kyoscine. 
The antidotes are the same as for 
belladonna [see Belladonna}. Nuiner- 
ous medicinal preparations are made 
from henbane. 

Henequen — See Sisal. 

Holly — The common holly (flex 
aquifoliuni) is a well-known hedge 
tree, growing very close, though 
.slowly. The red berry makes the 
holly an esteemed decorative tree. 
From other varieties of holly, whiirh 
are widely distributed throughout 
Europe and North America, the 
holly wood cif commerce is obtained. 
It has a fine close grain, is tough and 
hard, and is used for cog-wheel teeth, 
and 111 cabinet-making. 

Horn — Horns are important articles 
of commerce although many of tlie 
iiiaiiiifactures for which horn was 
formerly tlie sole material arc now 
made of metal, celluloid and vul- 
canite or liard rubber. Horns are 
imported into (Jreat Britain from 
many countries, the chief beinc 
Fraiiee, (Jermany, and the Argenline 
Jtcpuhlic, although none of these 
supply BO much as our owm India. 
'The most valuable horns imported 
and used in niaiiiifuctures are those 
of the Brazilian ox, the Cape buffalo, 
and the Arnee buffalo of India. The 
most inqKirtant uses of horn are for 
combs, for buttons, and for handles 
for cutlery, umbrellas, and walkiiiR- 
sticks. Tlic horn is prepared for 
comb manufacture by being softened 
in water and then in aeid ; it is then 
split or saw’ii into thin pieces, wdiich 
are subjected to hydraulic pressure. 
J*ipces of horn may be joined togethi'f 
by pressure and heat, and no evidence 
of Jhe junction will be revealed. 
Horn may be dyed as desired [see 
page 67«7J. 

Hyssop — Hyssop (Hyssopits ofllcinnlis) 
is cultivated in the South of France. 
It is a hardy plant, aromatic and 
bitter. The leaves are used lo flavour 
salads, and are one of the ingredients 
in the beverage absinthe. The dried 
flow'ers are medicinal. An essential 
oil is obtained by aqueous distillation. 

ICE-~Ice is a natural product, Imported 
into this country in considerable 
(plant it ies from Scandinavia. The 
imports liave fallen since ice begun 
lo l>e manufactured artiflcially. 
When the ice on the Norw'egian lakes 
is about 12 in. tJiiek it is cut. First 
an ice plane drawm by horses is 
passed over it, and then parallel and 
equidistant grooves are cut witli a 
hand filough, and deepened witli an 
icc plough. A saw is used to remove 
the flrst few blocks and the reniaiuder 
are detached with the help of*special 
breaking bars, llie block.s arc tlieii 
floated to the ice-house or to the 
place of tran.sport, during which they 
are generally protected by pine 
shavings. 

Indian HempT-Indlaii hemp, the 
Cannabis indica of the Briti.sh Phar- 
inacopcnia, is the dried flowering or 
fruiting tops of Cannabis sativa, which 
grows in Northern India. The herb 
is an annual, 8ft. to 10 ft. high. The 
form in w’hlch it reaches the western 
market is a compressed mass, consist- 
ing of the stems, leaves, and fruit, 
matted together with the natural 
resin of the plant. The official dose 
of the bark is 5 gr. to 15 gr. ; the 
pharmaceutical preparations made 
from it are an extract, a Said extract, 
a draught, a tincture, and pills. It 
is narcotic and anodyne, and is given 
for hysteria, asthma, and migraine. 
Overdoses are poisonous, although no 
death from it Is on record. The anti- 
dotes for it are the stomach pump, 
emetics, stimulant draughts, artifleial 
respiration, and coffee. Indian hemp 
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Induces dreams ; Is the hash'sh of 
Alexandre Dumas ; and the bhang 
of India. 

Indigo — The uses of the dye indigo 
have been discussed elsewhere [see 
page 6781]. The cultivation of indigo 
is an important Indian industry, 
although the synthetic manufacture 
of indii^o [see page 5463] has inflicted 
^eat injury to the cultivation of 
indigo. Many plants in many tropical 
and subtropical countries yield 
indigo ; 1 it the mo.si important is 
Jndigofera tinrtoria. I'he .best soil 
is rich loam, alluvial for prefenuice. 
Ploughing takes jilace in October 
and November, and sowing in 
February, March, and April. The 
harvest is in July, August, and 
September, when the blossoms are 
full. The dy(‘ is generally prepared 
by the green loaf jirocess. In this 
process the plants are cut down 
and put into tanks, being held down 
by beams placed on top of them and 
athw^art the vats. They are covered 
with water and allow'ed to steep from 
ten to sixteen hours, the duration 
deptuidiiig iipcm the w'cather. Men 
then go into the tanks and agitate 
tin* contents for from tw’o to four 
hours, until the fi*eula begin to separ- 
ate and settle and tlie colour of the 
water changc.s from green to blue. 
More water is added, and this hasttma 
the deposition of the fecula, and after 
a few hours the water is run off 
from the top, leaving tlie dc])ositp«l 
fecula, which is th(‘u taken and 
boiled for about six hours under 
continiions stirring. Tlie contents of 
tin* boilers are run off into strainers, 
and after about twelve hours the 
remaining ma.ss is jiressed, cut, 
stamped, and dri nl, the ftnal product 
being the indigo of comiucrcc. 
Other sources of indigo, besides India, 
are China, .laptin, Siam, tlie Pliilip- 
])ines, Java, and some Soiilli Ameri- 
can couiitrie.^. 

Ipecacuanha— The drug known under 
this name is tlie root of Psyrhotria 
ipecacuanha, a shruh growing in 
8(jiith AnuTica and the East Indies. 
Its uses in medicine are as an expec- 
torant and an emetic. It is a favour- 
ite remedy for eroiip and other 
diseases of chihlren, being given 
generally as ijieeaeuauha wine (adult 
(lose 10 drops to 30 drops as an 
expectorant, and 4 dracliins to 6 
drachms as an emetic). 'J’lie dose ot 
tlie powdered root is I gr. to 2 gr. as 
an expeetorant, and 15 gr. to 30 gr. 
as an emetic. 'I’lie drug contains tw’o 
alkaloids, emetine and ce phm'ine , and 
powders and (dher preparations from • 
wtiieli tlie former is extracted, are 
given f(.ir dysentery. Extracts, tine- 
ture, syrup, and pills of ij)i*eacuanha 
are also made. 

Irish Moss “Irish moss, or Carrrageen, 
is a seaweed (Chrondrus crispus) the 
eommercial sources of wdiich are the 
west and nortli-west coasts of Ireland 
and a small jmrt iif the coast of 
Massachusetts. In America, w'hence 
comes the greater quantity, the moss 
i.s pulled from May to September, 
boats being iisisl to reach the rocks 
Sjiring tidi*s are usually chosen for the 
pulling, a.s tlie ebb of the tide leaves 
more rock surface uncovered then. 
The moss is bleached in the sun. 
w’aslied repeatedly in salt water, ami 
dried. Irish moss is used medicinally 
for jidly for coiusumptiveB, and as a 
decoction flavoured with sugar and 
lemon juice it is demulcent and 
niitrltivi*. It is also used for refluing 
beer, and the poorer qualities for 
making size for cotton and paper. 
Sometimes it is fed to cattle. 

Istle — See Sisal. 

Ivory-True ivory is the tusk of the 
Indian and African elephant. When 
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the rlrphant is taniod, tlio tusks 
driTrasr in size and deteriorate in 
quality, henee the tusks ol the wild 
elephant fonn the best ivory. 'J’he 
African elephant usually ])Ossesse8 
larger tusks than the Indian elephant. 
The former have yielded tusks up to 
2(10 lb. weight, and even heavier, but 
the latter seldom show more than 
70 lb. weight. The use of ivory has 
diminished for cutlery hafting, 
billiard balls, etc., since xylonite or 
celluloid appeared on the market. 
Tusks that are only slightly curved 
are preferred to those with sharper 
curves end twists. FokhU imry or 
nutmmoth ivory is a true ivory 
from the ice-prescrved rcunains of 
the extinct mammoth elephant 
Elephas primigeniuti, and is found 
within and near the Arctic circle of 
the three northern continents — 
notably jn Siberia. The largest 
variety — supposed to be the tusks of 
the mal(‘ — arc about ft. long, and 
a smaller variety— supposed to be the 
female — about ai ft. long. 'J’hese are 
true ivories ; there are other so-called 
ivories that are not trtie ivories. 
WnlruK ivory is the tusks of the walrus 
or sea hi>rse, and is obtained chiefly in 
Alaska. 'I'liese tusks arc sometimes as 
long as 2 ft., and usually weigh about 
2 lb. each. ^ They arc coarser than 
elephant and hipimpotamus ivory, 
and commercially are of less value. 
Hippo potamiiH ivory is the tooth of the 
African hippopotamus. It is harder 
than elephant ivory, less liable to 
stains, and of delicate whiteness, but 
it is inclined to be brittle. The sup- 
ply is small. Hippopotamus ivory is 
used for the handles <»f surgical instru- 
ments and for other purposes for 
which elephant ivory is employed. 
Farn'hal ivory, sometimes wrongly 
called su'ordpsh horn, is the tu.sk (d 
the malt* narwhal or sea unworn. 
It Is obtained as long as 10 ft. 
It is the supposed unicorn's horn 
esteemed in medicine a few* cen- 
turies ago. The 8ui)ply is small, 
the quality coarse, and the value low. 
Dugong ivory is the tusk of the 
Australian dugong or sea cow. Only 
the male has tusks, and these have a 
value as ivory. The supply is small. 
Vegetahle ivory is the albumen of a 
South American nut [see page 812]. 

JACARANDA WOOD — See Uoseu'ood. 

Jalap — Jalap is the tuberous roots of 
Jpomoea purga, a Mexican plant, 
which also grows in Jamaica and 
India, and even in the South of 
Kngland. The roots are dug up and 
dried, the larger orie.s l)eing sliced open 
to hasten the drying process. The 
dose of the i»owdered root is 5 gr. to 
20 CT- Its effect is purely purgative, 
and it is much less used than it was a 
generation ago. It is also adminis- 
tered as a tincture, as a compound 
powder, and as an extract. 

Jarrah — Jarrah (Euralypfus war- 
ginata) is the l>est known f)f the West 
Australian hard woods, and is 
extensively used in this country for 
paving blocks. It is also used for 
I»iles and railway sleepers, as it i.s very 
durable, and has the property of re- 
sisting attack by animal organisms 
that destroy most other woods. The 
tree grows to a great size, so that large 
planks can tn* obtained. The Karri 
t Eucalyptus versicolor) is closely allied 
to Jarrah, and is also from Western 
Australia. Jt has similar iises. 

Jet— Jet is a variety of lignite or brown 
coal which has turned black by 
fossilisation, and it was formerly 
extracted from the I’pper Lias 
ihalcs near Whitby. It occurs also 
In other cmmtrics — notably Langue- 
doc in France, (falicia, and Massa- 
chusetts. The harder jtieces are the 


jet, which is cut info heads and other 
ornaments. These are intensely 
blat'k, and take a high ladish. Jet, 
ns a material for ornaments of per- 
sonal adornment, used to be much 
more fashionable than it is to-day. 
Job’s Tears — Sec Millet. 

Juniper — The common juniper is an 
evergreen shrub (Juniperus com- 
munis) wideb is indigenous in Cl rent 
Britain and North Europe. The fruit 
of the juniper — ^juniper berries — is 
used in the inamifaeture of gin. Kaw 
grain spirit is flavoured with the 
ground or emshed lurries, or hags 
eontaining juniper berries may be 
suspended in the still, this being held 
to yield the better prodiiet. Holland 
is the chief seat of gin nuumfaeturc, 
the <*entre of the industry being 
Schiedam, wtiere the wt>rld-famed 
sehnaps is di.stilled. British gin — 
so-ealled — contains no juniper berries, 
being merely grain spiri* flav<nired 
with turpentine. Oil of juniper is a 
volatile oil obtained from the 
berries by distiliation, and is of 
greenish-yellow colour, and of a 
turi>eiitine taste. It is given medi- 
cinally (dose 5 min. to 20 min.) 
as a diuretic and for kidney troubles. 
A variety of juniper Uuniperis 
oryrcdrns) yields oil of cade, which 
is used as an external application in 
diseases of tlie skin, including 
eczema. Katidarach [see Saiularaeh) 
is freipiently erroneously called 
gum juniper. The so-ealled eedar 
WfMid used for lead pencils is the 
wcM»d of Juniperus hermudiuna 
[see Cedar]. \'irginian red cedar is 
the timber of Juniperus Hrginiana, 
and is much used for furniture on 
account of its immunity from attack 
by insects. 

Jute — Tlie treatment of the jute fibre 
in the textile industries has been 
considered elsewhere [see (leneral 
Index], and the remarks in this place 
will concern only the cultivation of 
the plant. The two jute plants 
cultivated for the fibre are Corr.horus 
eapsularis and Corchorus olitorins. 
'Jlie chief seat of the jute cultivation 
is India, especially Bengal, although 
(’hina and the Malay IVninsula are 
als(» not unimportant sonrees. The 
former plant is tlie larger, although 
both are of equal industrial value. 
'J’hey are annuals, and are most suc- 
cessfully cultivated in a loamy soil and 
in a hot damp climate. Jlie sowiTig 
season is from the middle of March 
to May. The flower is yellow'. When 
from ^ ft. to 10 ft. high, and in flower, 
the plants are cut dowm, the harvest 
being from July to OctotxT. In cut- 
ting, a sickle may he used, or the 
plants may Im; uprooted entire. 
Bundles of stalks are immersed in 
stagnant water to rot, and remain 
therefrom a few days up to a month. 
I'his separates the inner hark from 
the rest of the stem, and the inner 
hark is that used industrially. 'J’he 
final separation of extraneous matter 
is effected by manual labour, a man 
standing in the water and pulling off 
the hark in long lengths. After wash- 
ing the fibres, the water is wrung out, 
the fibres are hung up to dry, and are 
finally packed in hanks and hales for 
export or for the factory. 

KARRI — Sec Jarrah. 

Kauri Pine, or Cowrie Plne—Tlils 
timber {AgathU australis), is tJie 
most important exported from New 
Zealand, and constitutes the greater 
I)arf of the timber exported from the 
new' Dominion. It is found in tlie ex- 
treme north of the colony, and also in 
the district around Auckland. It is a 
tall tree, growing to the height of 
iflO ft., with a straight, smooth trunk 
rising 100 ft. before the first branch is 


reached. Its diameler is frmn 5 ft. 
to ir> ft. The grain of the w(Hid is 
straight ; the wood is easily w'orked, 
is sound, and free from knots, and ran 
he highly polished. The greal Jeiigth 
and breadth of the planks obtainable 
from the tree added to the (pialMies 
mentioned, make it a very vslnahle 
w'ood for many purposes. Its length 
makes it fitted for ship masts, 
and it is also used for .ship decks, 
flooring, and general house work, 
vehicle's, furniture, and paving blocks. 
It has also been used for church 
fittings. [For its strength compared 
with (dher woods, see page 12«().] 
Kauri gum I see page 1034 and Til 23] 
is a valuable resin used for vamislies 
and in linoleum manufacture. It is 
found <*hiefly ns a fossil gum in ground 
wiiere the tree has grown during 
thon.sands of years. A small quantity 
of the gum is obtained from grow'ing 
trees. 

Kola Nuts — Kola or cola nuts are 
valuable ou account of their active 
principle, the alkaloid ealjeine, which 
is also f(nm<l in eollec. 'J’here are two 
trees that yield kola nuts, the C'oln 
acuminata and (Uda vern, both being 
native to tropical Africa and the 
latter being the more valuable. The 
nuts are ehewj'd and eaten by tin* 
natives on account of their sustaining 
and stimulating properties. Tin* 
alkaloid caffeine stimuiates the heart, 
raises arterial tension, and keeps off 
fatigue ; it is given as a diuretic, and 
for kidney troubles and typhoid (dose 
1 gr. to f) gr.). .Antidotes to eaffeiin* 
poisoning are the stomach j>ump and 
emetics. 

LARCH — Tlie larch (Jjarix ruropwa) is 
a valuable timber. I For its eiiltlvn- 
tion, see page 4«7» ; for its properties 
and uses, see page 55 ; and for its 
Btreugtii, see page 12fi().J 'J’he hark 
of the larch is used as a tanning 
material, and is valuable for light 
leathers. Jt contains about 11 i>er 
rent, of tannin, renice turpentine is 
tin* exudation of the larch. Incisions 
are made through the hark of the tree, 
usually aluail the end of March, and 
the turpentine flows during the 
summer. 

Lavender— Lavender Is the flowers of 
a hardy perennial herb (Lavandn/a 
vera), cultivated at Mitcham ami 
elsewhere in the South of ICng- 
land, and in Southern ]']nrof)e. 
■'Fhe dried flowers eon.stitnte the 
lavender of eommcrce. 'They retain 
their perfume frir a long period, hem*e 
their value. Oil of lavender is made 
fnan the female flowers by distilla- 
tion. English oil of lavender eom- 
niands a mueh higher i)riee than 
foreign oils, due to the eare with 
which the plant is r»iltivated and the 

011 expressed. The llrst oil cxj>res- 
sion is used for the manufacture of 
lavender water, and the later expres- 
sion for soap perfumery. The oil 
from the male lavender (Lavandula 
spica) is known as oil of spike, and it.s 
chief use is for artists’ colours. 

Lemon — The lemon is the fruit of 
Citrus limonum-, a small tree of the 
orange family. The tree is about 

12 ft. high, and thorny ; it carries 
numerous branches, hearing oval 
leaves and flve-petallrd flowtsrs. 
There arc several varieties of lemon, 
Ineludiiig the citron, or Median lemon 
{Citrus medica), the pearl lenum 
(Citrus margarita), and the sweef- 
lemon (Citrus lumia). 'Phe of tin* 
lemon has a distinct medicinal value, 
due to the citric acid contained. It 
is valnahle in malaria and in 
scurvy, and has been given w'lth goo 1 
results in chronic rheumatism. Oil or 
essence of lemon is expressed or 
distilled from fresh lemon-peel. [Pee 
pages 4968 and 4069.] 
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Lignum Vit8B — Lignum vitas is the 
heartwood of a West Indian tree 
(Ouaiacum officinale)^ and is the 
heaviest and hardest wood known. 
The tree grows to a ii eight of about 
40 ft., and to a circumference of 
4 ft. or 5 ft. Its branches are 
numerous and knotted. Jamaica is 
the chief source of the lignum vita) 
Imported into England. The wood is 
of a dark green or brown colour, 
freely streaked, and is so cross- 
grained that it cannot be split, and 
must be sawn or turned. Its chief 
use is for pulley blocks and rollers 
in machines of various kinds. [For its 
strength, sec page 1260.] The resin 
of the tree — guaiacum resin — is used 
extensively in medicine (dose, 5 gr. 
to 15 gr.). It is used for rheumatism, 
lumbago, and diabetes. It is also 
administered as a tincture, a mix- 
ture, and in the form of tablets and 
capsules. 

Lime — Tlie lime tree (Lilia eurnpcea) of 
North Europe must not be con- 
founded with the fruit-tree described 
below. Our lime tree, the linden of 
(Jermany, is of rapid growth, and 
llourislies even in the dust-laden 
atmosphere of cities and towns. Tiie 
trunk is thick, and tlie branches are 
slender, close, and upriglit. The 
leaves are large and flat, coming to 
an apex. Tlie tree attains a great 
age, freciuently (»ver 1,000 years. 
The flowers arc sweet-smelling, and 
contain honey, wliich attracts bees. 
Tlie timber is wiiitc and close-grained, 
and makes a good carving wood. 
Acetic acid is obtained from it by 
distillation [see page 5465 1 . Euss- 
wood is the timber of the American 
liine-lrec, and is common in Canada 
and in the eastern portion of the 
Cnited States. Its nature and uses 
are similar to tliose of our lime tree. 

Lime — The lime (Citrus medica acida) 
is a valuable fruit of the orange 
family that is extensively cultivated in 
the West Indies, aiid to a less extent 
in India and llurma. The common 
tree is very spiny, nlthougii one 
variety is spineless. It grows in 
poorer soil and in more exposed 
situations than the lemon, and the 
fruit is small — about one-third as 
large ns a lemon. Lime-juice has 
anti-scorbutic properties, a?id by 
English law every ship must carry a 
supply, a precaution which has 
bunished scurvy from our mercantile 
and naval murine. The juice is 
expressed by pre.ssure, and is after- 
wards filtered and clarified. Sweet 
limes (Citrus medicn Hmetta) grow 
in Southern India, and are not so 
highly esteemed as the common or 
sour variety. 

Linseed~8ee Flax. 

Liquorice — Liquorice is the root of 
(llycerrhizn glabra, a plant that 
is widely distributed throughout 
Southern Europe and Asia. The 
root enters our market in a dry state, 
and is sweet, mucilaginoii.s, tough, 
and flexible. I'he root is inanufae- 
tured into extract of liquorice, being 
crushed, boiled, and evaporated. 
The condensed juice— black or brown 
in colour — is rolled and stamped witli 
the maker's name, and in this form 
comes to our market. The most 
este(;mcd brand is Succhs solazi. 
'J’he powdered root is the chief 
gredient in compound liquorlce- 
I»owder, and several other prepara- 
tions are used medicinally. Liquorice 
is a mild and agreeable laxative. 

Litmus — See Archil. 

Locust Beans — Locust beans are the 
pod fruit of the Ceratoniu siiitiua, or 
carob tree, common in Southern 
Europe and the Levant. They are the 
reputed food of John the Baptist in 
the wilderness, and are hftiice known 


as St. John's Bread. The e.liief 
sources of the locust beans imported 
into this country are Sirily and 
Southern Italy. 

Loerwood — Logwood is a tree (Ilcrma- 
toxylon campechianum) that grows in 
Central America. The heartwood is 
cut into chips, moistened and (ex- 
posed to the air, when it undergoes 
fermentation and turns a deep red, 
and is then suitable fi»r use as a 
dye [see page 5»o:iJ. A decoction and 
an extract of unfermented logwfWKi 
are given medicinally for diarrluca. 

Loquat — 'J’he ioquat (Eriobolrya jn- 
ponica) is the Japanese medlar or 
quince. It grows in England in 
sheltered situations, but as it llower.s 
in autumn it must be grown under 
glass if the fruit is to ripen. The 
fruit is of an orange yellow colour, 
small, round, or pear-shaped, and 
clustered. The flowers are white. 

MAHOGANY— Mahogany (Su'ietfm'nt 
mahagoni) ranks pre-eminent among 
high-class timbers, in spite of many 
rivals to favour. There arc two 
varieties of true mahogany — Spanish 
and Honduras mahogany [see ])agcs 
.56 and 1260J. VVlien tlie tree is (•ill, 
the wood is of a liglit reddisli colour, 
but exposure, to light (larkens it, 
Honduras inaliogany', kiutwii also as 
haywood, is not figured like Spanish 
mahogany, and is more brittle. Tlie 
best Spaiiisli mahogany is now used 
only as a veneer. The largest maliog- 
any logs come from Mexico, but this 
variety is apt to be soft in tlie centre, 
and to develop star shakes. Otlier 
varieties of so-called mahogany 
come from Imila, and Africa. The 
maiiogany-trees arc cut in tlie lieiglit 
of the dry season --April and May — 
and after being squared and freed 
from brunches and hauled to tlie 
rivers by oxen, are launclieu, madi* 
into rafts, and floated to the sea for 
shipment. 

Maize — Maize is also known as Indian 
corn, and as mealies. It is tlie grain 
of a tall grass, Zea Mays. (For its 
cultivation, distribution, ami food 
value, .see the pagc.s indic.ite<l in 
(Jeneral Index.] Maize starch or corn- 
flour is used as a substitute for arrow- 
root, and starcli tor laundry use is 
made from it by crushing it and 
allow’ing tlie starch to settle in water. 
Maize straw is used for paper-making. 
Maize oil is extracted from tlie grain 
bj' hydraulic pressure, and is used us 
a salad oil and in soap maiiufucturc. 

Manilla Hemp — Tfie use and prospects 
of abaca or Manilla liemp {Musa 
textilis) have been discussed in the 
course on Tc.xtiles [sec page 71 Uj. Tlie 
fruit of the plant is a non-edible 
banana, and the leaf sheaths furnish 
the fibre. The plant fioiirislies best 
on liiilsides, and the utmospliere 
must be humid. The plant is propa- 
gated from root suekers or from .seeds, 
tlie former taking three years to 
mature, and the latter alwmt donlilo 
that time. An the hiuis anpear, tlie 
plant IS cut down, tlic leaf slieaths arc 
detached and Bi»iit into layers and 
then thinned into .strips about 2 in. 
wide and i in. thick. Scraiang re- 
moves the pulv», le.aving tlie white 
strips ready to be baled for export. 
Owing to its strength, Manilla hemp 
is of great value as a cordage material . 

Manna — Manna, a saccharin exuda- 
tion from Fraxinus ormis, or tlie 
manna ash, comes to our market 
chiefly from Sicily, althougli it is also 
obtaiiietl in Soutliern Eiwope and 
Asia. It is obtained by incising tlie 
tree, when the manna exudes and 
hardens — at first, brown, but turning 
harder and whiter. Manna readies 
us in the form of flakes and indeed is 
known as flake manna. As a drug, it 


ha.9 mild laxative properties, but is 
not an official remedy in this country, 
altliough it is official in the United 
States. Bose, i oz. The manna of 
tlic Old Testanwmt was probably the 
honcy-dew of a Mediterranean scale 
insect. 

Maple — The maple tree has many 
species. The common maple of our 
country (Acer campeMre) is of no 
use for its wood. The maples of 
commerce come from North America, 
and the mafile leaf is the Canadian 
national emblem. The beautiful dee]) 
and variegated hues taken on by the 
maple leaf in autumn give the 
Canadian wood.s a wonderful wealtii 
of colour. Tlic most important 
siieeies of maple is tlie sugar maple 
(Acer saccharum), wliich yields ma]ile 
.sugar (see page 4:551], the red maple 
(Acer rubruni), the silver maple (Acer 
snrrharifium), and the broad-leaved 
maple (Acer macrophyllum). [For the 
uses of niaxile, see ])age 57, anil for 
its strength, see page 1260,] 

Mastic — Mastic is the resinous exuda- 
tion from a shrub (Pisfacea lentiscus) 
growing in flie countries bordering 
tlic Mediterranean Sea. It is im- 
ported in yellowish or greenisli tear.i 
and is used for varnisli manufacture. 
It is also used, dissolved in alcohol, 
by dentists, being placed on cotton- 
wool to apply to tlie mouth during 
the application of an antiseptic. 
I'licre are also an Indian and a Cajic 
mastic of less inqiortance. 

Medlar — The mcfilar (Mespilus ger- 
man tea) was once a more popular 
fruit than it is to-day. The flowers 
are large and white, with flve-cicft 
calyxes and corollas, and the fruit 
is lemoii-shaperi. 'I'lie tree grows 
best in lieavy, moist soil, somewliat 
sheltered. Tlie medlar is generally 
grafted on seedling medlar stock, or 
on pear, quince, or wliltcthorn stock. 
The fruit sliould be g,4tliered at the 
end of October, and kept a few weeks 
before being eaten. The hgvat is 
the Japanese medlar [see Luguat]. 

Meerschaum — Meerschaum is oin 
earthy mineral, wliite or yellow in 
colour, and consists of hydrous sili- 
cate of magnesia. It occurs in veins 
or nodules, and tlie chief comincreial 
source is Asia Minor. Before being 
cxjiortcd, meerseluuiin is scrapevi to 
tree it from the cartli witli which it is 
usuaily associated, tlien dried in tin- 
sun or in ovens, scraped again, ami 
Anally polished with wax. The com- 
mon qualities are used in the manu- 
facture of porcelain, and the best 
I)i«M*es are made into meerschaum 
i'ipes, principally in Vienna and Paris. 
The absorption by the meersclianm of 
oil from tlie tobaceo causes tlic colour- 
ing of meerschaum pipes. 

Millets — Certain cereal and foriwe 
grasses are know'ii as millets, Tlic 
importance of millets as food may be 
judged by the fact that about one- 
third of the world’s population — 
i-liiefly Asiatic — cat it regularly, 
Sorglium, also known as Guinea rorii, 
and in Egypt as dhurra, is a variety 
of millet. It is used in sugar manu- 
facture [sec page 3052|, and ns a 
cuttle food. Young sorglium should 
not be given to cattle, as it has been 
proved to be poisonous, but the 
mature plant is free from jioison. 
.lob’s tear.«, the fruit of Coix lachryma, 
w'liieli grows in India and Japan, is 
a variety of millet, and is used for 
ornamental purposes, cliiefly for 
heads and mats. Buckwheat — erron- 
eously named, for it is a siiiall nut, 
not a wheat — is another millet, and 
is used ns a food cliiefly in Bu.s.sia 
and in the United States. 

Mother-of- Pearl — See Pearl. 
Mulberry — The mulberry (Monts 
nigra and Monts alba) is a small tree 
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of tlie Rtingins-npftlc orde/. The 
black mulberry yields a black, 
luscious berry. Planting should be 
done at the end of October or the 
beginning of November in well- 
drained soil. The young branches 
should l>e cut, leaving only four, and 
these should be cut back to 3 in. or 
4 in., and to an outer eye. 

Muscatel — See Rai*in. 

Mush-Mush — See Apricot. 

Mushrooms — Mushrooms are a species 
of edible fungi of our wwds. They 
can be cultivated in any situation 
with a unih)rmly warm tem]>erature. 
rndergrtMind cellars make admirable 
mushr(K)m beds, and in one case, at 
least, highly successful results are jmt 
by utilising a disused railway tunnel 
for the purpose. The temperature 
should be kept at about 50“ F. The 
mushroom beds may be made in 
bo.ves or shelves, 2 ft. or 3 ft. wide, and 
ranged above each other against the 
walls. Dried horse manure, either 
alone or mixed with 25 per cent, (by 
measure) of loam, forms the best 
material for the beds. 'J'his is jdaccd 
on the sh«‘lves or in the boxes to the 
depth ol about 1 ft., and is pressed 
lirmly down. The beds of manure will 
develop heat, and when this is sub- 
siding, and is about 00“ F., the si)awn 
should be broken up into pieces about 
the size of w-alnuts, and placed in the 
bed about fi in. apart. Eight days 
afterwards, a layer of heavy loam, 
1 in. thick, or more, should be put on 
the surface and beaten down hard. 
About a month later the mushrooms 
appear. There are many more edible 
fungi in our w’fMids besides the mush- 
room, but fear of the poisonous 
v,*irieties prevents their use. Mush- 
rooms. though edible, have no highly 
nutritious properties, and are there- 
fore of small .sustaining value as a 
fix)d. TnitJcft are a variety of fungi 
that wc import from Italy, prescrve<i 
in oil. They are used tor poultry 
Rtufling and for sauces and s<tups. 
The Morel is another fungus used in 
sauce manufacture ; it grows in 
England to a limited extent, but is 
cultivated in Italy, whence our 
supplies come. 

NECTARINE— See Peach. 

New Zealand Flax — See Phnrmiom. 

Nux Vomica — A small XrcvAStrychnos 
nux romica) that grows in India, 
f’eylon, Persia, and North Australia 
yields the seeds known as niijr 
vomica, which play an important 
part in medicine. 'J’he seeds are fla^, 
circular, snuKdh, and drab coloured. 
From three to five are e?nbedded 
in the pulp of the orange-like fruit . 
They are extracted, w’ashed and 
<lried in the sun before being ex- 
i)orted. They are strongly poisoiunis. 
They are used for dy8pep.sia, heart 
weakness, as a general tonic and 
stomachic, and to increase nervous 
energy. The ollicial dose of the 
powdered nut is 1 gr. to 4 gr., but 
the drug is u.sually given us a 
tincture or as an extract in pills. 
The alkaloid wbich is the active 
jtrinciple is the strong poison 
Htrychnifie. It is so rapid in its 
action that antidot e.s are seldom of 
value. The antidotes recommended 
are emetics, followed by washing 
th(‘ stomach with permanganate of 
]»otash .solution or t'ondy’s Fluid and 
by 1 dr. doses of bromi<lc of potas- 
sium. Artillcial respiration should 
also be tried. 

OAK— There are numerous varieties 
of the oak ifor which see the pages 
indicated in thn (Jenera! Index). 
The species of highest importance is 
the British oak (Quercuft robitr), which 
is found in Europe and Asia and groves 
almost as far north ns the Arctic 
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circle. As a timber, oak combines 
hardjieas and tonghiieaa, hence its 
value. The “ w'oodeii walls of Old 
England ” w'ere the battleships 
built of oak. The introduction of 
iron and steel for ship hulls deposed 
oak from its supreme position in 
shipbuilding work. The durability 
of oak, even under water, is remark- 
able. The oak grows tt> great age and 
attains great size. The NewJand oak, 
in Gloucestershire, had a circum- 
ference of 45 ft., and the extent of 
the spread of the oak is proverbial. 
Oak is extensively used for furniture 
and for wainscotting. It darkens 
with age, due to the action of the 
atmosphere upon the gallic acid which 
it contains. The darkened effect may 
be produced very quickly by ex- 
pasiiig the wood to the fumes of 
ammonia. Wemd so darkened is 
termed fumed oak. and the process 
is common in furniture manufacture. 
Oak is given to warping, but all 
varieties do not warp equally [see 
page 53]. It rusts when in contact 
with iron. The wood contains acetic 
acid, and 7*0 per cent, has been 
distilled from it [see page 54351. 
Oak bark has an extensive use in 
tanning. Bog oak is oak which has 
become blackened by the action of 
iron salts in peat mosses where it has 
lain. Its enduring qualities in such 
a condition excel those of the natural 
wood. There are numbers of so- 
called oaks found over the world — 
Indian oak applied to teak, African 
oak, a hardwood of tropical Africa, 
and others. 

Olives — The olive tree (Olea europaea), 
of which there is over a score of 
varieties, flourishes in warm but not 
in tropical climates. Extreme heat 
is as fatal to its successful cultivation 
as is extreme cold. The chief centres 
of olive cultivation are the countries 
bordering the Mediterranean, and 
from these we iiiqiort preserved 
Cflives and tin* olive oil of commerce. 
Olive tree.s have, however, been intro- 
duced into America, Australia, and 
other countries held to be suitable to 
the cultivation, and moderate success 
has attended these eiitert)rises. 'I’he 
olive tree grows on pcKjr soil, and may 
be successfully cultivated on ground 
quite unfit for other crops. The soil 
should be dry, ealeareous, and rocky, 
and drainage must be good. Hill- 
sides are favourite situations for olive 
trees, and they are fre<juently cut into 
terraces. Propagation is elTeeted by 
cuttings, by planting the root suckers, 
hy seeds, and by grafting. (hsKl 
strong manures Hhoiild be used in 
olive farming, and sliould be applied 
annually if the soil is ver>’ p(K>r, or 
biennially if it be of fair quality. 
Fruit is borne in the third or fourth 
year if regular pruning lia.s been 
practised during the preceding years. 
The olive is a small, fleshy fruit, 
about the size of a grape, and con- 
tains one large hard-shelled seed. 
The best olive oil is procured from 
olives that are gathered before they 
are fully ripe. Fully ripe olives yield 
more oil, but of a lower qualif y. In its 
wild state, the olive tree bears fruit 
only every two years ; but by careful 
cultivation, and by gathering the 
fruit regularly before it is fully ripe, 
annual crops can be secured. 'J'he fruit 
should be gathered by hand. The 
practice of beating the tree to cause 
the fruit to fall is common in some 
places, but it does serious injury to 
the branches, and impoverishes the 
sticceeding crop. Tlie yield of oil is 
from 25 per cent, to 50 per cent, of 
the weight of the fruit. The fruit is 
enished, the stones or kernels being 
sometimes broken, and sonietimej* 
not, and then put into bags, which 


are pnt under presses in a warm room, 
wiiere the oil is squeezed out. The 
marc, from which the oil has been 
))re8sed, is mixed witJi boiling wat(^r, 
and again pressed, the second 
expression yielding an oil of inferior 
quality. Olive oil is also known as 
salad oil, although many inferior oils 
are also sold tinder the latter name. 
Olive oil Is sometimes given ,*s a 
medicine, on account of its mitn<;nt 
and laxative properties. It enters 
into the manufacture of Castile soap. 
The residue, or marc, after the oil has 
been extracted, is a valuable cattle 
food, and is also used as maiitire. 

Opium — Opium is the dried milky 
juice from the unripe seed capsules 
of the opium poppy {Papaver 
somniferum). The eultivatiou and 
preparation of opium is an im- 
portant industry in India, but it 
comes also from I’urkey, Tersia, and 
China. Attempts have been made 
to cultivate tlie plant in Europe, 
especially in France, and some of 
these attempts have been successful, 
although not commercially so. In- 
cisions are made in the imrijie seed 
capsules with an instrument that 
will not injure the seeds, and the 
juice flows out and coagulates. 
After a few hours it is removed with 
a knife and placed in inclined trays 
to drain. It is then dried somewhat 
in the sun, and comes to the Western 
market as a stitt, eohesive mass of 
dark brown colour. Cpon the awful 
results of excessive opium eating and 
smoking we need not enlarge. 
The habit is the curse of Chinn, and 
even in this country excess in drink- 
ing laudanum and preparations of 
morphia is too eommoii. The drug 
(dose i gr. to 2 gr.) is a valnalde 
remedy for pain, cheeking inflamma- 
tion and nervous diseases, and 
benefits sufferers from (!Ough. diarr- 
hma and dysentery. The liniment is 
use for rheumatism, neuralgia and 
sciatica. Internally it is given in 
minierous forms, chiefly as a pill and 
as a tincture known as huulamiin 
(dose 20 to 30 minims.). For 
smoking, opium must be sperially 
prepared. Of the three alkaloids 
of opium — morphine, nareotine, and 
codeine — the first is the most im- 
portant (dose ,1,, gr. to i gr.). It is 
administered in over a score of 
different preparations in addition to 
the powder. For an overdose of 
opium or morphine the antidotes are 
the stomach pump and washing out 
the stomach with a solution of per- 
manganate of potash, also hot coffee, 
ammonia, or ether. The patient 
should not be allowed to succumb to 
the sleep induced by the drug, but 
sbniild be made to walk until the nar- 
cotic effect has subsided. To cure 
the morphine habit it is recommended 
that the morphine solution should 
be replaced gradually by s])arteiiie 
sulphate, i gr. increased to f gr, fotir 
to six times a day. Ponpu oil, or mau' 
oil, is expressed from the seeds of flu* 
opium poppy. It is used for artists* 
paints, ns a salad oil, and as fuel and 
for soap manufaetiire. 

Orangres — The common or sweet orange 
{CitriiK auraniiiim) is native t«t 
(3iina, and was introduced to Eurot»e 
by the Portuguese in the sixteenth 
century. Tlie best orange of the 
eoTiimon varieties purchased in 
English shops is the St. Mieliaol, 
which is thin-skinned, pale, ami 
juicy, and has very f»}w stones. The 
orange tree is very prolific in fruit ; 
a tree fully mature may bear 12,000 
oranges in one year, and eases 
are on record where over 20,000 liave 
come from one tree in one year. 
Orange blossonm are white and frag- 
rant, and from them is extracted 
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thp pwntial oil — oil of Doroli ; 
but. the natural oil haa been diaplaced 
by aynthetic oil of neroli [see page 
4971 J. Orange treea attain a great 
age, living for over 160 years, 
'riiey have been successfully reared 
in the 8outh of Englafid in pro- 
tected Bituations, but the expense 
attending such ventures and the 
poverty of the results have discouraged 
their further prosecution. The best 
flavoured oranges do not reach this 
country, because imported orangca 
must have been pulled when not fully 
ripe, and before they have reached 
their highest excellence. The man- 
darin, or Malieae orange (Citrus 
nobiliH) is grown in China, in Malta, 
in the Azores, and elsewhere. It 
is a small fruit of oblate spheroid 
8hai)e, with a loose Bkin, which, when 
fully ripe, may become Ri)ontane- 
ously detached from the iiJterior, 
allowing the latter to be Hhaken 
about loose within it. The fruit is 
exceedingly sv-eet, but does not 
keep 80 well as other varieties. 
Tangarine oranges are a variety of 
mandarin oranges. They are suitable 
for liothouHP cultivation, and are 
prolific. 1’he tree is small, being sel- 
dom higher than 7 ft. even in North 
Africa, the headquarters of their 
cultivation. Other varieties of the 
sweet orange are the Maltese blood 
oranges, a flue, large oval, rich blood 
fruit with dark red pulp ; Majorca 
oranges, a seedless variety ; .Jaffa 
oranges, and a small kind known as 
Kuni-quai, and cf)ming from Clnna 
and Japan. Seville or hitter oranges 
(Citrus aurantium higaradia) are 
chiefly used for making marmalade. 
Tliey are biiter, especially the rind, 
which is rugged and uneven. The 
fruit is round and dark coloured. 
The liqueur Curacao has bit ter orange 
as one of its chief ingredients. The 
peel is po inded in a mortiir under 
water, and after standing some time 
is distilled with alcohfd. .Sugar is 
added, and to some brands a special 
variety of rum. 'J'lie riiul (»f the bitter 
orange is also used for making candied 
peel [see page 4H4H|. Another bitter 
orange (Citrus aurantium bergainia) 
is grown in the South of France and 
in Sicily. Its only present use is for 
the expression of oil of liergamot laee 
page 4970J. 

PBACH — The largest and most deli- 
cious fruit of file plum family. In the 
Knglish pcacli this fruit reaches its 
highest excellence, due to tlic care 
expended on its cultivation in tliis 
country. It grows best in loamy 
and calcareous soil, and benefits by 
tile application of vegetable manure. 
Tlie wall upon wliieli peaches are 
trained sliould have a south-eastern 
exposure. IMantiug should be done 
about the end of November, and 
pruning should be regular in .lannary 
or February. Tiie trees sliould be 
about M ft. apart, and the fruit 
should not h<‘ closer Ilian 6 in. There 
are three varieties of peaches— 
clingstones, freestones and nectarines. 

Pea Nut — See Ground nut. 

Pearls — ^Tcaxls are produced in the 
shells of several varieties of molluscs 
upon the introduction of a grain of 
sand or otlier foreign particle within 
tlie shell, rhemically, ])earls are 
carbonate of calcium, and are built 
up ill exceedingly thin layers, which 
show their characteristic iride.seence 
by the interference of light. Attempts 
have been made to cultivate pearls by 
introducing a particle of sand within 
the pea-rl oyster shell, and leaving the 
animal to do the rest ; but these 
experiments liave not been crowned 
with ronsplcuous siiceess, and practi- 
cally all the pearls of commerce have 


been produced without the as.si.sting 
agency of main. The chief sources of 
tlie salt-water pearls, which are tlie 
most valuable variety, are the 
A owulidcw. The most famous 
pearl flslieries in the world are in the 
(tulf of Manaar, in (-eylon, and other 
fisheries are in the Persian Gulf, in 
Quoenslaml, and in California. Fresh- 
water pearls are of minor importance, 
commercially. They are formed by 
the Unionidae, fresh- water molluscs. 
The river.s of Scotland were formerly 
of some importance In supplying 
pearls, and a few come from there 
now ; but fresh-water pearl fishing is 
not. a regular industry os marine 
pearl fishing is. Taking the t)eylon 
earl fisheries as illustrative, tlie 
sliiiig last.s for only a few days 
annually, and native divers descend 
from boats, relieving each otlier 
freiiiientiy. 'Fhe pearls are sorted 
out inio w'ell-deflned classes, accord- 
ing to lustre, shape, and size. »Sf)Uie 
oysters have -the interiors of tlieir 
Shells lined with the pearloiis sub- 
stance known as mother-of-pearl, and 
many of the fisheries are conducted 
for the mother-of-pearl only, although 
pearls are also got in these placrcs in 
small quantities. The best niothcr- 
of-pearl i-omes from the fisheries of 
the coast of Queensland, and other 
important sources are the seas of the 
Indian and South Pacific ocean. 
Commercially, mother-of-pciarl has a 
wide use in tiie maniifaeture of 
buttons, studs, fuii.«, and other articles 
as well as for inlay work. Artificial 
pearls are now an important articb? 
of commerce, and the best of tlaun 
arc made from the scales of the 
bleak fish. 

Phormlum — Pliormiiim fibre, or New 
/ealaiid flax, is an important cordage 
fitire which will attain a liigher place 
industrially than it holds tf)-day. 
It is soft, w’hite. and lustrous, and 
its streiigtii is said to be greater 
than liemp <)r flax. The percentage 
of fibre yielded by the plant is high, 
being as much as 15 jier cent, of the 
green plant. The preparation com- 
prises crushing between heavy 
rollers, pounding of the criislied 
loaves by beaters on a revolving 
drum, washing in running w’ater, 
and drying and hlenehing in tlie 
sun. I See also page 817.1 
Piassava- -PiassavH, or piassaha, is 
tlie “bass” of our broom munii- 
faeturers, and is tlie most important 
nmterinl used for stable and street 
brushes. The fibres are black or 
dark brown, and reach this country 
in bundles. They come from tlie leaf 
stalks and leaf sheaths of large palms 
that grow^ in South America and 
tropical Africa ; the best is ilahia 
piassava I'he tree grows wild, and 
is propagated naturally by its nuts. 
It is not cultivated. The unopened 
leaves are enveloped by coarse 
fll»res of chocolate colour, wliich the 
natives remove v.Ith axes. The 
fibres are then combed out, straight- 
ened, and cleaned — all simple manual 
processes — and filially packed in 
bundles of about 30 lb., whicli again 
are made into bales of 80 lb. to 
1 00 lb. for shipment. Locally a rope 
is made from the fibre, but Its only 
use ill Kurope is for brushes. Para 

{ liassava is another variety from 
*ara. African piassava and Mada- 
gascar piassava arc coarser. ISce 
also page ttlOO.] 

Pimento — Pimento, or allspice, is the 
dried unripe fruit of Pimento 
officinalis, a tree that grows in the 
West Indies, Mexico, and South 
America. The chief source is Jamaica. 
An illustration of pimento appears on 
page 4720, and a brief account on 
page 4722. The fruit consists of black 


or deep purple berries with a smooth 
and glossy exterior. It is picked by 
hand when fully grown, but before 
it is ripe, and is sjiread out. on floors 
to dry, a process wliicli takes about 
a w'eek. The popular name of all- 
spice arose from the fragrance of tlie 
berry being thought to resemble a 
blend of various other spices. Tlic 
wood of pimento is u.sed for w'alking- 
sticks and umbrellas. 

Pineapple — The fruit known as tlic 
pineapple grows on a tree (Ananas 
sativa) native to tropical America. 
To successful cultivation a long hot 
Slimmer and absence of frost in 
winter are essential. Most, of the 
pineapples entering the IJritish 
market come from the Azores. The 
fibre of the plani has a limited value 
for text ile fabrics 1 see page 818]. The 
inhabitants of Formosa and China 
use it for a coarse fabric, and the 
Pina cloth of the Philippines is also 
made with it, I'Jie leaves of the plant 
are scraped witli a piece of sharpened 
bamboo, or with the edge of a broken 
piece of pottery. The fibre is then 
w'ashed and sun dried, issuing soft, 
wliite, flexible, durable, and water 
resisting. It is then spun and woven. 

PisanfiT — 8ee Banana. 

Plane — 'J'he plane tree (Platanus 
orientalis) is a liardy tree, growing 
WM'll in a city atmosphere. 11 has a 
sniootli. grey trunk, with a hark that 
scales in flakes, and large tive-lobed 
serrated leaves. 1’he Western plane 
(Platanus oecidrntalis) is not quite 
BO hardy. It is called sycamore, and 
sometimes butfonu'uod in the United 
States ; but it is not the same tree 
as oiir eommon sycamore (Acer 

? tseudo-platanus), which is abundant 
>otli in Europe and North America. 
All varieties yield a fine, easily- 
w’orked white wood, extensively u.sed 
for general purposes. 

Plantain— See Banana. 

Plumbago — See Graphite. 

Poiophyllln — Podophyllin is the 
resin of the root of Podophyllum 
pelfatum, a plant that grow’s in 
Canada and the Eastern States. It 
is the American mandrake, or May 
apple, and is sometimes called 
vegetable mercury from its value a.s 
a biliary purgative. It is given also 
as a laxative and as an aperient. 
Podophyllum comes to the drug 
market as flattened root stems, 
and tlie resin is extracted in the. drug 
b1i(>})S by precipitation by means of 
acidulated water from an alcoholic 
solution. Tlie result i.s a greenish 
brown powder of a decided odour 
and acrid taste, soluble in aqueous 
amiuouia and almost entirely in 
alcohol. The dose is i gr. to J gr. 
It is made into i>ills, tablets, tinc- 
ture, and extraet. 

Poplar — The most common varieties 
of poplars are the wliite poplar 
(Popufus alba), the black iioplar 
(Populus nigra), and the aspen 
(Poputus trim Ilia). The w’ood of the 
poplar is soft, has a line grain and 
a silky appearance, and is easy 
to work. For strength of the wood, 
sec* page 1200. The cotton wood of 
tlie United States is a variety of 
poplar, and yellow poplar is a name 
applied to wliite wood. 

Poppy Oil — Sec Opium. 

Prince Wood — See Elm. 

Prunes — The prune is a variety of 
pluni. It is cultivated in America, 
Franco, and several Mediterranean 
countries. It is a hardy tree tJiat 
nourishes in a rich, moist soil, but 
by suitable grafting it can be grown 
on other soils. Sun-dried prunes are 
picked when fully ripe ; tliey are 
peeled, strung upon twigs, put into 
straw frames, and suspended in the 
sun. After a preliminary drying the 
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stones are removed, and the prunes 
are then made thoroughly dry in the 
sun. In I’ranee, prunes not yet fully 
matured arc* i)iaced in boiling water, 
then transferred to baskets, and 
agitated till cool, then completely 
dried by exposure to sun heat. 

QUINCE—The quince {Cydonia ml' 

?nri«) is a fruit similar to the medlar. 

t has been grown in the Mediter- 
ranean countries since pre-Christian 
times, and, wnile not edible on 
account of its bitterness, is exten- 
sively used in the manufacture of 
jelly*. The word marmalade is said 
to be derived from marmelo. the 
Portuguese word for quince. It is 
also cooked with apples and other 
fruits. The tree is used as stock for 
pear-trees in this country. 

RAISIN — Raisins are dried grapes. 
•Sultana raisins come frtun Smyrna, 
and Damascus raisins from Daiiias- 
ctis. Jioth are stoneless varieties, 
the latter being the larger. The 
ordinary raisins of commerce come 
from Valencia. The usual met hod 
of drying these varieties is to expose 
them to the sun and air, and then to 
spread them out in nxuns, sprinkling 
them with a(|Ueous solution of potash 
or soda, which causes the formation 
of grape sugar, the small sweet 
accretions found on the fruit as 
purchased. MuKratetm, which come 
from Malaga, are a variety of raisin 
that are dried while still hanging 
irom their branches, the leaves being 
imllod olf and the branch cut half 
through until the fruit is dry and 
ready for packing. 

Ramie — The tliree names ramie, rhea, 
and China grass are used commer- 
cially without distinction for two 
hhres. Rhea, or ramie, is the fibre 
from the steins of Itoehmeria nivea 
tcnacissima, a large plant of the nettle 
order. It grow.s only in hot climates. 
The related plant, Itoehmeria nivea, 
grows ill temperate as well as tropieal 
climate.s, and is properly China 
grass. In rhiria, China gra.ss is pre- 
pared lor the market by manual 
labour, the outer skin being scraped 
and washed. The process of degum- 
ining — the need for which has pre- 
vented ramie from taking a \ery 
high place among textile fibres — is 
usually carried out at the mills 
whither the fibres arc .sent. [.See 
page 134)0.) 

— The raspberry ilitilms 
a well - known fruit that 
grows wild in temperate Europe and 
is also exteiisivi'ly cultivated. Shoots 
spring trom the root every spring, 
hear fruit in the summer of the 
following year and die in the autumn. 
The soil should he well manured and 
deeply trenched. The plants are 
usually 2 ft. apart iii rows, each row 
being about ft. from its nearest 
neighbour. They may be tie<l up 
with stakes or trained to a trellis 
of wlifj running along the njw. 
Pruning consists in removing the 
e\ce.HK stalks, leaving from three to 
five of the In'st and in cutting oil the 
growths that are not in a position to 
Im“ Hupportcul. The canes are cut 
short, but not too short, in spring, 
and any side branches induced to 
tarry truit. Autumn fruiting rasp- 
berries are y>runed differently ; in 
•lamiary the canes ore cut to the 
ground and in spring thfwe that have 
sprung are cut, leaving not more than 
four. Do not shorftui the canes at 
all as only the upper portion bears 
fruit. 

Red Currants— See ('urrunis. 

Redwood — See Cellar. 

Resins- Resins are thickened plant 
juices insoluble in water, but soluble 
ill alcohol and oils. Sulistances from 


kindred sourcea and soluble in water 
are known as gums [see Oums], 
although many re.sins are known as 
gums. Resins are usually found in 
plants that yield essential oils ; for 
instance, common resin, or rosin, is 
found in pine trees, the essential oil 
of which is turpentine. The principal 
resins of commerce arc as follow : 
Resin, rosin, or colophony I see page 
1034], amber, gamboge, copal, san- 
(larac, camphor, dammar, mastic, 
benzoin, and tohi. Rarticniars of 
those are given under their respective 
names. Shellac is also a resin, 
although it is jiroduced as an incrus- 
tation upon certain trees by the help 
of an insect fset* Shellar], 

Rhea — See Ramie. 

Rhubarb — Rhubarh is a perennial 
plant cultivated for its leaf stalks, 
which are used for making jam and 
wine. It is usually propagated by 
division of the root, and flourishes 
heat ill rich, deeply dug soil. It is 
often forced by lieing covered with 
flower- pots, which are covered with 
stable manure which fermeut.s and 
supplies heat. 1‘he rhubarb of 
medicine is the root of a plant 
(Rheum palmatum), larger than our 
garden rhubarb. It is grown rhiefiy 
in Dhina and Tibet, and although 
the most esteemed variety is known 
as I'lirkey rhubarb the name has 
nothing to do with its source. 
Attempts to grow medicinal rhubarb 
in Europe have met with some 
succes.M. As a drug it is given in 
powder form (dose 15 gr. to 3U gr., 
or if repeated, 3 gr. to 10 gr.). 
( ompound rhubarb powder is gener- 
ally known as (iregory's powder. 
Rhubarb is also administered as 
extract, as pills, as a syrup, and as a 
tincture. Its etfect is laxative, and 
it is freely given for stomachic dis- 
orders. 

Rice — For the cultivation, prepara- 
tion and food value of riee the 
pages referred to in the (hmeral index 
should be ediistdted. Here we shall 
mention only some of the uses of 
riee which ar»‘ not mentioned in 
Other pages. In Japan, rice straw, 
besides 1mm ng u.sed us cattle h alder, 
is plaited into hats and shm's for 
men and horses. The bran and 
liust are also used as cattle foods, 
as stated elsewhere. The chaff from 
rice forms a good manure. Rice 
]KfW'der, or poudre-de'riz. is sometimes 
deceptive as it is frequently merely 
finely powdered soapstone, although 
u genuine rice powiler is also sold 
as a complexion powder. The J apan- 
eH(‘ make an alcoholic drink named 
sak6 from rice by soaking if and 
inoculating with the fungus Asper- 
gillus oryzal, which x>r<»fbjces a 
ferniiMit, and after several processes 
of fermentation yields a beviTage 
named as above, and containing 
about 13 jM?r cent, of alcohol. The 
Chinese and the Malay natives also 
manufacture alcoholic lievcrages from 
rice. Wild Riee (Zizania aquatica), 
in a wild plant that Is extensively 
found in America as well as in Asia. 
It flourishes in muddy soil under 
shallow' water. Attempts to culti- 
vate it by Americans have not been 
conspicuously successful, but, under 
the. legis of the Department of 
Agriculture, experiments are pro- 
ceeding. 

Rosewood — The rrwewood of the 
cubirict-rnaker has nothing to do with 
the English garden rose, and derives 
its name from the odour rescinbling 
that of the rose to some extent. It 
is the timber of certain Brazilian 
trees, notably i>af&erflrio nigra. Other 
varieties of so-called rosewood come 
from Jamaica. Dominga, Burma and 
New' South Wales. Jacoranda wood 


is a name sometimes applied to the 
Brazilian Dalhergia. Rosew'ood is 
hard and even in the grain, has a 
fragrant odour, and a colour raiiging 
from purple-brown to black. It is 
a hi^-class wood in furniture-work 
and Tor piano cases. 

RANDAL-WOOD — Sandal - wood is 
the heartwood of several species of 
saniedum, and is esteemed for its 
aromatic properties and for the 
essential oil that it yields. The chief 
source is India, but it is also found 
on some of the Indian and South Sea 
Islands, and in Western Australia. 
The Indian tree is the Sanlalum 
album, and the forests where it i.s 
cultivated are usually (Government 
reserves. After the tree is foiled 
it is allowed to lie for some months, 
during which time white ants devour 
the sap wood, which is of no value. 
The hcartw'iHxl is then cut up and 
conveyed into the stores. The chips 
from this cutting-up and the sawdust 
is used for essential oil distillation 
Isee page 4970). Sandal-wiKid is 
made into trinket-boxes in India, and 
is easily recognisable from its frag- 
rance and dark cedar colour. It is 
also burned as incense in religious 
ceremonies. Sandal -wood oil is ex- 
tensively used in medicine for 
chronic broiu'hitis and other dis- 
eases. It is given in a variety of 
forms. 

Sandarach -Sandnrach, also known 
us guru samlarucfi and erroiu'ously 
as juniper gum, is the exudation of 
the North African tree (Callitris 
qtmlrivalvis), and is much used for 
fine varnishes. It is used as a varnish 
for coating pills. 

Satin wood — Sat in wood (Chloroxylon 
swietenia) comes from both the East 
and West Indies ; that from the East 
is figured, while West Indian satiii- 
w(K)d is not. It is a beautiful hard 
woo<l, of yellow' colour, and is valued 
in cabinet work. It is not obtalnahitf 
in large pieces, the usual size of log 
imiiorted being about 10 ft. long and 
7 in. or 8 in. square. 

Senna — The leaves know n as senna ar* 
used in medicine as a purgative. 
There are two varietie.s — Alexandrian 
senna, the leaves of Cassia acufi' 
folia, which arc collected by the Arabs 
in the neighbourhood of Suukim, and 
East Indian or 'J'innivelly senna, the 
dried leaves of Cassia uugustifolw^ 
which are cultivated in Southern 
Imlia and are longer, narrower, and 
lighter in colour than the Alexandrian 
senna. Stuina is administered as an 
infusion, an elixir, a confeetiou. and 
in other preparations, ('onii)ound 
liquorice pow'der is one-sixth ])art 
seiina. The American mecliciiial drink 
known asDarfleld tea contains senna. 

Shaddock — The .shaddock (Citrus 
de.camana) is a large truit of the orange 
family, and is largely cultivated in the 
Malay peninsula and Southern Asia, 
and in some of the Oceanic islands. 
It has a smooth, pale yellow skin, and 
a white or reddish pulp. It some- 
times weighs from 10 lb. to 20 lb., 
the flavour resembles that of the 
grape, and hence it is often railed the 
grape fruit. The West Indian grape 
fruit is another variety of the Asiatic 
shaddock. 

Shellac — Shellac is the most coniinon 
resin used for varnish manufacture 
and is also used for sealing w'ux aiio 
forms an excellent natural cement. Ii 
is formed on the branches and tw'ig.^ 
of a large nutnlwr of Indian trees by 
the lac insect (Coccus lacca). The 
incrustations are removed and melted 
in boiling water, afterwards being 
poured tipon a cold surface, where 
they take the form of thin, irregului 
flakes. Ground shellac, also known 
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nnd(!r half-a-dozeii oilier iianieH, is 
file rosin of ihe Australian Xanthor- 
rhceuK. It is used for varnish, for 
stainiuR wood, and also in the manu- 
facture of picric acid. 

Sisal — The fibre known as sisal hemp 
ranks second only to Manilla hemp 
ns a stronf? corda^^e fibre. I’liere are 
two varieties of sisal, the Agave 
rigida elongaia of yneatan, and the 
Agave rigidi siitalana of Florida, Cuba, 
and tlie Jtahamas. 'J’hc latter is the 
more important, and is known also as 
heneguen. The sisal has recently been 
introduced into India and JJritish 
Fast Africa, and the foundations of 
new industries laid in these colonies. 
The plant flourishes in any stony 
soil rich in limestone. The treat- 
ment of the Krowing plants and of 
the fibre-yieldiiiR leaves is similar 
to that of Manilla hemp. After 
preparation, the fibre is a straiKht, 
jmle yellow ribbon from 2 ft. to 
4 ft. loim. Other plants of the 
same order arc the Awerir^n aloe or 
Century plant, the Int/e or Mexican 
fll.Tc, and Mauritius hemp. These are 
inferior to the true sisal. 

Slate — Slate is a clay that has been 
folded and compressed in its bed, 
s{> that it can be split readil.v into 
thin and uniform plates. Slates 
differ in colour according to locrality. 
The slates of the Lake District are 
greenish ; (Cornwall slate is grey. 
The best known slate cpiarries in this 
country are the J*enrhyn quarries 
near Bangor, in Js'orfh Wales; •in 
Scotland the most important source 
is Ballachulish, and in Jrelan^ slates 
are obtained at Valentia and Killaloc. 
Slate is obtained by sawing large 
blocks in their beds, and these are 
Bawn up into lengths, either ma- 
chinery or hand saws being used. 
Slate splitting is done by liand, the 
tools employed being thin, broad- 
faced wedges and wooden mallets. 
In winter-time slates may be split 
by the natural action of frost, water 
being poured over the blocks, and 
when this expands by freezing 
fracture occurs along tlie natural 
plane of cleavage, Tlie chief use of 
tliin slates is for roofing purposes, 
and they are the most widely used 
roofing material in this country. 
Suprior qualities arc used for 
writing-slates ; and the manufacture 
of writing-slates is an important in 
dustry in North Wales. In thick 
Blabs slates are used for the beds of 
billiard-tables and for cisterns, ami 
when painted with special enamels 
and fired, slate forms chimney-pieces 
made to resemble the different vein- 
ings of marble. The hones used for 
Bharpeiiing knives and edge tools are 
varieties of slate. Much of the supply 
of hones comes from abroad, Turkey 
hones, esteemed for edge tools, 
coming from Asia Minor, Of recent 
years the chief supplies of hones have 
come from the United Stales. 

Sponges — Sponges are the elastic 
skeletons of marine animals, Porifera, 
which inhabit the seas of Europe, 
America, Africa, and Asia. Sponges 
grow in seas whore the temperatures 
of summer and winter do not vary 
much, and in the zone where 
they are found the best, are those 
where the climate is most nearly 
uniform and warm throughout the 
year ; those which are on the outer 
edges of this zone, and wiiich, tliore- 
fore, are in a climate varying to- 
wards the temperate?, arc coarse and 
poor in quality. Sponges are moat 
prolific along the snores of islands, 
and where there are fairly strong 
ocean currents, which seem to convey 
to the animals tlie materials of sus- 
tenance. Attempts have been made 
to Improve the culture of sponges by 


cuttings, but it has not been proved 
tliat this increases the number of 
si)oiiges beyond that produced with- 
out cutting. Sponges always grow on 
hard substances, such as rocks, reefs, 
and the stems of marine plants. The 
best are in deep water, and the 
poorest qualities in shallow water 
near the shore. 'J’he sponges are 
collected by the use of " hariioons,” 
or thin long poles, with which they 
are dislodged by divers ; or by dredg- 
ing with a drag net.. Sponge divers 
sometimes work naked, and some 
times in a special dress. If the 
fornujr, they <‘arry a block of stone 
to enable them to descend. A di\er 
can remain below for minutes, but 
not longer, and usually descends about 
20 fathoms. Sponges, when collected, 
arc alive ; they die within 24 hours 
of having been exposed to the air and 
then the animal remains must be 
removed so as to leave only the 
skeleton sponge. The skin is re- 
moved, sometimes with a knif<‘, and 
kneading them, or stamping them out 
witJi the feet, gets rid of most of the 
other animal matter. Then they are 
washed and dried ; they mu.st not be 
packed before they arc dry, or they 
will spoil. Sj)onges may be bleached, 
but t he process impaires the durability 
and lUirchaseVs should avoid bleached 
sponges. There are many varieties 
of sponges due to different localities. 
'I'he chief varieties sold are named 
Turkey and honeycomb — tlic former 
being the small-holed, closi' variety 
of flat or cap shape, and the latter 
being the large-holed variety, which 
is also usually of a paler colour. 

TEAK — Teak is the chief wood export e<l 
from India and Burma. It is found 
also in Siam, Java, (‘oehin Cliina, and 
in some of the islands of Dutch East 
India. Teak is the timber of trees of 
the genus Teefona or Theca^ the 
Indian teak being Teefona grandis. 
'riie trees arc very large, having 
trunks 80 ft. to 90 ft. higli before the 
first branch is reached, and a cir- 
cumference of 20 ft. to 25 ft. I’he 
timber is liard, and brown or yellow- 
brown in colour. Its water-re.sisting 
properties mak<‘ it valuable in ship- 
building. I For strength of teak, see 
nage ]2«0.] 

Tolu — Tolu is the resinous balsam of 
Myroxylon tolui/era, a tree that grows 
ill most South American eountries. 
It is bronze, yellow in colour and is 
i^yrupy when collected, but becomes 
bard aud brittle. It is used in per- 
fumery ; and in medicine in its natural 
state (dose .5 grammes to 15 grammes), 
and as a syrup, and a tincture. Us 
chief value in medicine is for coughs 
and bronchial irritation. 

Tortoiseshell — Tortoiseshell is tlu^ 
horny back covering of the hawk's 
hill turtle face Turtle]. The shell from, 
« single animal may weigh up to 
about 8 Jb. For ornamental pur- 
poses tortoiseshell ha.«i a wide use, 
and is madi^ into combs and other 
articles of use aud ornaimtnt. In its 
natural state it is very thin, and it 
is necessary to join together several 
shells so as to attain thickness. The 
shells are boiled or are heated in oil, 
when they become soft, and may tlnui 
be moulded to any desired form or 
welded together into intimate union. 

Turtles — Turtles are marine animals 
belonging to the order Chelotiia. 
TVo of the species are commercially 
important. — ^tne hawk’s bill turtle 
(Chelone inibricata)^ wliich inhabits 
tropical scab, and which furnishes 
tortoise-shell [sec Tortoiseshell], and 
the edible or green turtle {('helone 
midas)t which is found throughout 
the Southern oceans, and particularly 
near the Bahamas. The green turtle 

Conduded 


HomctiiiK'.s weights up to 5 cwt. or 
« cwt., and may be, as long as 5 ft. 
Its fat is of a green colour, hence its 
name. Its use, is for the turtle soup, 
aud the eoiisumption is largo, especi- 
ally in Loudon. In the Bahamas, 
when the turtles land to deposit their 
eggs, they are simply turned on their 
backs and arc incapable of turning 
over again. The (’hincse catch tur- 
tles with a sucking-fish, to the tail of 
which they attach a string ; tin* flsh 
fastens upon a turtle, and both turtle 
and flsh arc drawn into the boat. 

VANILLA — Vanilla is the cured pods 
of Vanilla planijolia, a climbing 
plant native, to Mexico, but now 
grown in (.'eylon, Mauritius, and other 
parts of the globe. Other varieties of 
plants contribute to the supplies of 
eommereial vanilla, but. that men- 
tioned is the chief. The pods are 
developed only after the flowers havi; 
been fertilised, and artificial pollina- 
tion is practised to iiicr<*ase the yield. 
The pollen is placed by hand upon 
the .stigma, a small pointed cane being 
used for the purpose. The pods are 
cured, and this develops the flavour, 
the curing process consisting in 
immersing them into water almost at 
boiling point, aud immediately with- 
drawing them aud putting them into 
baskets lined with blankets, after- 
wards drying them in heated nvuns. 
The active principle is vanillin. An 
artificial vanillin, made from sugar, 
is one of the recent triumphs of 
modern chemistry. 

WALNUT— Tlie walnut tree (Juglans 
regia) grows extensively in North 
Europe and Asia. For uses and 
strength of the timber, sec pages 57 
and 1260. (Sreat Britain imports the 
walnuts from Italy, Germany, and 
Franc(‘. Before being packed they 
arc dried in a kiln, u process that 
Tireserves them Imt injures their 
flavour. American walnut, or blaiik 
walnut {Juglans nigra), is valued I'oi 
its ai'.pearauee, and is used for 
furniture, both solid and as veneer. 

Whalebone — Wlmlebom* is not bone, 
but is the substance of the nature ot 
bristles with Miiicli the mouths oJ 
cerfain varieties of whales are fur- 
nished In order that they may catch 
and crush the small fish and geu 
animals on wliich they feed. Whale- 
bone resembles hardened hairs ce- 
mented together, and in its charac- 
teristics is more like horn than bone. 
There are several species of whale- 
bone whales both in the Northern and 
in tin* Southern seas. A Greenland 
whale of full maturity provides about 
a ton of whalebone. The sides of the 
unper jaw are the plaees where the 
wlialebone is found, and each side 
usuiilly has about 300 blades, which 
arc from 12 ft. to 15 ft. long, being 
longest in the middle, and 10 in. or 
12 in. broad at the base, with a 
thickness of not quite half an inch. 
Before lieing (Uit np, the blades are 
cleaned and softened by being boiled 
for a few hours, and are then, while 
still hot, planed or shaved by hand, 
the tool used resembling a spoke- 
shave. After being planed, the whale- 
bone is polished, usually with the 
edge of a piece of glass or a steel 
scraper, then with emery powder, 
and finally with powdered rotten- 
stone. Commercially, the value of 
whalebone lies in its elasticity, flexi- 
bility, and strength. Tlie roots of the 
blkdes, where they are thickest are 
used in the manufacture of walking- 
stick and umbrella handles, and other 
purposes. The use of whalebone as 
a material for the riba of corsets is 
practically a thing of the past, as 
it has been superseded by steel. 
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Types of Plant Life .. .. .. .. ,, ,, >44 
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Types of Flowers .. .. ,, ,, ,, 3ao 
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The Triumph of Venice (Paolo Veronese) .. ,, .. ,, ,, 3793 
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Famous Examples of Art Metal Work. . .. .. .. „ ,, 55*1 
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The Choice of a Career — and Afterward .. .. ,, ,, ** ,, 3 

The Unity of Things .. *, ,, ,, ,, ,, 6 

The Choice of a Profession .. .. .. .. xox 

A Woman’s Choice of a Career .. «. .. .. .. 3sx 

The State Ladder of Learning . . . . . . . . . . . . 48X, 1x77, 3505 


6892 



THE SELF-EDUCATOR AT A GLANCE 


A CONSPECTUS INDEX ARRANGED IN ORDER OF THE GROUPS, BEING 
A READY GUIDE TO THE WHOLE CONTENTS OF THE SELF^EDUCATOR 


All the Articles in the Self-Educator are briefly 
summarised in the following pages, under the 
groups, sub-groups, and sections to which they 
belong and in order of publication. This affords 
a brief general survey of the branches of know- 
ledge and also gives an easy means of obtaining a 


G eneral idea of the scope and nature of the articles, 
ections of the groups are indicated by side-head- 
ings in italics. For particular subjects or items 
of information, reference should be made to the 
General Index, beginning on page 6900. A list 
of plates and frontispieces is given on page 6892. 


GROUP 1 

Agriculture 

PAGE 

Training for the youiiff farmer .. 21 

( 'nil ivating tlie soil .. .. 2.55,430 

Fertilising tlie soil .. .. 433,589 

Seeds and seeding 635 

t; re in eroi)s, grasses 873 

(■lovers and root crops .. .. 040 

Forage and other farm crops . . 1107 
Preparing the land, H(iwing. . .. 1229 

Weeds ; }>astnres and meadows .. 1377 

Hay, haymaking 1628 

Harvesting crops ; pests .. .. 1663 

Farm machinery 1846 

Knsilage 1970 

Horses, their management . . 2073 

Pritish cattle 2235 

Sheep and pigs 2360 

Diseases of livestock 2620 

Selling and feeding live-stock . . 2701 
Fodders, cakes, anti other foods . . 2904 
Farm buildings, farm servants . . 2997 

Farming in Canada 3203 

Farming in Australia 3235, 3466, 3468 

Hest books on farming 3470 

Dairu jarmitig 3551 

Dairy cattle 3666 

Food for dairy cattle 3890 

Milk 4033 

Sale of milk 4209 

nuttermaking 4210 

Churns and churnitvg 4279 

CheesemakUig 4489,4571 

Best books on dairy farming . . 4576 
PonttrUi breeding . . . . 4659, 4855 

(lUide to poultry, breeds of .. 4953 
Hearing and feeding poultry . . 5091 

Incubation 5263 

I’oultry floods 5433 

Hreeding for eggs and meat . . 5623 
Turkeys, geese and ducks . . . . 5703 

Poultry farming 6873 


Beekeeping 


PAGE 


Sadpture : Modelling, outfit, 

figure building .. 1217, 1345, 1509 
Casting and bronze casting . . 1673 

Marble cutting 1675 

ArchUecittre 1910, 2033 

The profession and examinations, 
arehit4?ct ural design ..2128, 2283 
llwtorv oi Art. 

Heginnings of art 2478 

Egyptian art 2519 

Early Eastern art 2657 

(ireeian art 2857, 2929 

Homan art 2931 

Christian and Byzantine art . . 3089 

Romanesque period 3231 

rJothic art 3373, 351 7 

The Heiiaissance .. ..3.520,3674 

Italian masters 3793 

Fjlizabetlian, Flemish, DuUrli .. 3946 
(ierman, J'reneh, Spanish art .. 4117 

Landscape painters 4299 

Impressionism 4302 

Modern painting and sculpture . . 4392 
OlmK and glans-ntaking . . 4531 

Plate-glass bottles and tubes 4734 
Varieties of glass and glass 
decoration and etebing . . . . 4930 

Stained glass 4945 

Kart.hmimre 

l*ott4‘ry materials, preparation 5160 
Moulding and firing clay . . . . 5233 

Pottery decoration 5382 

China and Piirian ware .. .. 5606 

Architectural pottery 5776 

Varmng 

Simple wood-carving 5809 

I'lat carving 6043 

Relief carving 61 35 

Bone and ivory carving , . . . 6299 


GROUP 3 
Biology 

Life, beginnings and classification 27 


Psychical research 

Man ’s persojia lit y — H iidson ’s 

thesis 3287 

Myers’ thesis 3382 

Chosts and ghost stories . . . . 3625 

Telepathy, hypnotism . . . . 3661 

The three riddles of life .. .. 3664 

Sociology 

Foundations and necessity for the 

social science 3869 

Sociological and conventional liis- 

tory 3985 

Spencer; comparative sociology 4121 
The st udy of man and societies . . 4275 
Dependence of a society jipon 

human nature 4278, 4369 

Detailed study 

Marriage , , 4372, 4635,' 4663 

Functions of woman 4825 

Her claims and value to the 

State 4973 

War, the enemy of mankind . . 5095 
ITie id(?al society and its aim 5100,5245 
Laws of its progress ; the siipn*- 
maey of truth . . . . 5386, 5530 

Applying sociological principles : 

collectivism and individualism 5533 
Alcohol in the community . . 5670 
The real alcohol evil ; industrial 
problems; the study of Spencer 6812 

Logic 

Principles of thinking . . . . 5998, 6097 

Philosophy 

Foundations, (piest for truth, Kant 


idealism, materialism . 

. 6253, 6404 

Monism, idealism.. 

. . . . 6467 

J’ragmatisin 

. . . . 6470 

Mind and brain 

, . . . 6535 

Religion 


The religion of man . . 

.. .. 6771 


GROUP 4 


Gardening 

The bare land ; laying out . . 6203 
(Jardeiiers* tools, back garden, 
trees and shrubs, walks, lawns, 
and enri)et beds, rock and 
water gardens, climbing plants 6.315 
Hoses, etc., bulbs, dwarf flowers, 
bedding plants and ferns . . 6487 
Taller flowers, management, of 
glasshouses, fltiwers of the 
gn*euliouse and hothouse . . 6529 
IVotltnble fruit and vegetables, 
economical gardening, bow to 
l)ec()me a gardener and a nur- 
Bcryman, market gardening . . 6673 

GROUP 2 
Art 

Place and inlluenee of art in life. . 180 


Drawing, in mass and detail ; the 

human form 341 

Idncar and aerial perspective . , 595 

Compiwltion and colour . . . . 722 

Art training and the schools . . 868 

Painting in oils .. .. .. 870, 1020 

Painting in water colours . . . . 1021 

Tempera painting 1023 

Pastel work and miniatures . . 1011 


Study of living beings 278 

Methods of bkdogical investigation 379 

Reproduction 381,384 

\’ariation and evolution . . 487, 050 

Darwinian theory .. .. 823,1029 

Geological evolution . . . .1031 ,1177 

Modern views of evolution . . . . 1180 

Heredity 1313 

Mendel’s law 1481 

Application of biological laws 
(lieredity, disease, mental and 
moral evolution) .. 1484, 1586, 1705 
Anthropology and etlmology . . 1785 

Psychology 

Progress and methods 2011 

Dictionarj’^ of philosophy and 

psychology 2015 

The mind 2014,2115 

>ierv<)us system 2116 

Attention and memory . . 2258, 2372 

Self-eonsciousness 2373 

Organic sensation : optimism and 
pessimism .. . .’ .. ..2374,2517 

Pleasure and pain 2518 

Emotions and instincts .. .. 2694 

Human reasoning 2803 

The will 2806,2993 


Historj^ and evolution of mind . . 3117 


(Umditious of building construction 1 39 
First essentials in operations . . 307 

Dictionary of construction . . . . 310 

Excavations, foundations . . 329 

Drainage, drain-laying 569, 733, 780 

Shoring, underpinning .. .. 916 

Scaffolding, stagings, gantries 1170 

Brick-making 1278 

Lime, lime-burning 1455 

Cement manufacture 1578, 1728, 1853 

Bricklaying materials 1947 

Dictionary of bricklaying and 

paving 1954 

Bonding brickwork 2168 

Brick walls 2261 

Brickwork construction . . 2385, 253 3 

Paving 2515 

Terra-cotta 2779 


Dictionary of masonry and slating 2843 
Arch, vault, and dome masonry . . 3143 

Building stones 3241 

Carpentry : Carpenters’ tools . . 3385 
Dictionary of carpentry . . . . 3389 

Timber, ironwork, and acces- 
sories 3539 

Sawing and planing 3753 

Joints and jointing 3843, 4039, 4111 
Roof carpentry 4247 
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QIIOUP INDCX 


Carpentry — conHnveJ PAGE 

FI{)ora and partitions . . . . 4445 

Heavy timlH‘rinK 4639 

Fire-resistiiiK construction . . 4751 

Slate and tile work 4865 

External plumbing 5029 

Joiner>- 5179,6293 

Plastering 5496 

Internal plumbing . . . . 5627 

Jluilder’s ironwork . . . . 5791 

Papering, painting, glazing . . 5827 
Heating, ventilating, lighting .. 6015 

Building regulation 6213 

Dictionary of tiuishing terms 6215 
The business of the builder . . 6341 

Quantity surveying 6505 

Cabinet-making 6579 

Vpholstery 6715 

Fire-extinction 6873 

GROUP 5 

Chemistry 

Early chemistry .. .. .. . ^58 


PAGE 


National Civil Service 2168, 2249, 2252 

First-class clerkships 2250 

Subordinate elorkships . . . . 2472 

Messengers, boy clerkships . . 2575 

Revenue departments . . . . 2765 

Post Oftlce service 2807 

Diplomatic and consular services 2934 

Admiralty, War Office .. .. 3195 

Home Office, High Court, 
niuseums. Patent Office, etc. . . 3300 
Imperial. Civil Service 
Indian appointments . . . . 3476 

Colonial appointments 3548, 3741 

Army and Navy 

The private soldier . . . . . . 3840 

Non-eonmiissioned officers . . . . 4030 

Army commissions 4197 

Rr>yal Navy 4265 

>>’aval officers 4400 
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GROUP 8 
Drawing 

PAGE 

Elementary and freehand drawing 108 
Model drawing 280, 468, 496, 739, 794, 
1010, 1086 

Geometrical drawing 2S4, 470, 492, 739, 
792, 1012, 1084, 1251, 1411 
Dictionary of plane geometry . . 285 

Memory drawing 1088 

Light and shade . . 1533, 1792, 2184 

Solid geometry .. .. 1747, 2005 

Geometrical design 2320, 2397, 2566 
Brush drawing 2091 


Technical Drawing 

Instruments 2788 

Engineer's drav'ing 27U(> 

Screws, bolts, nuts, rivets, keys 3003 
Dictionary of technical drawing 3009 
Shafts, axles, C()n])lings .. 3133 

Bearings, axle-boxes, belting . . 3263 

Pfillot'u roTMi 


ne province oi eiieiiii»ii.> . . . . 

llements, theiienodiclaw’ .. 238,400 

Tganic and inorganic chemistry 51 6 

lenients, atomic weiglits 516, 839 
tomic and molecular theory . . 692 

om]»ouuds ^'39 

lydroecn, alkali metals . . . . 840 

aleiuin, barium, strontium 843, 1040 
.agnesium, zine, boron, ahinii- 
niuni, and the iron group . . 1042 

»rK„., cTT-^u.>. 1016 1157 


Cmninerce 145 

Office boy and junior clerk . . 192, 403 

Dictionary of coiiiinercial terms, 
abbreviations, coinages, weights 

and measures 405 

Book-keeping . . 488. 658 

Business books 776, 977 

Bills of exchange 1089 

liills receivable and payable 1317,1406 
'J'ransfers, commissions . . . . 1567 


Odontograph 3040 

Friction wheels, clutches . . . . 4002 

Machine design . . . . 4201, 4323 

Engine details 4423 


Drauing for sheet-metal workers : 
Envelopes, pyramids, cones, 
cylinders, polygons, curved arti- 
cles, ellijises 4521, 4737, 4933, 5038, 
5103, 6347 

DraiHng for architeeU 5419, 5542, 5092 


Oxygen, the atmosphere .. .. 1294 

Sulph’ir, lml(»gens, platituim, cop- 
per. silver, gold and inereiiry . . 1444 

rtunpounds in general 1 596 

Inorgatiie compounds 1590.1718 

('fu'mical law's ^ 1914 

(. orpuscular theory of tlic atom 2080, 
2294, 2391, 2551 

Organic chemistry : paraffins, alco- 
hols 2710, 2876, 3016 

Ethers 3138 

Alcohol derivatives 3270 

Fatty acids 3 485 

Lactic and hydrocyanic acids .. 3534 
I'rea, oxalic, malic, citric and 
uric acids ; carbohydrate**, 
olehnes. arj>matio compounds 3703, 


p’puViMwVi* * *"**' **''^' * *" ooi'n Principles of design .. 5818,5977 

Analy-Kis, invoice guard book, 

trading and K<K)dsuecounfs .. 2270 

Gross profit 2418 
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ITial balance 2500 '\ov(‘n fabrics 6592 

Profit and loss. balaiici‘-slieet ’! 2755 ''’allpapers, Btencilling - .. .. 0724 




Alkaloids .. .. 3818,3824, 

Santhetir, bio- and stellar chemistry 

Applied chemistry 

Dictionarj' of applied chemistry 

Chemical analysis 

Maiuifacture of sulphuric, nitric 
and hydrochloric acids , . . . - 

Alkalies, chlorates, jihosphorus, 
oliinis, organic acids . . , . ■ 

f>ils, fats, w'axes and candles . . * 

Soap, glycerin ' 

Essential oils and perfumes . . * 

Paints and polishes i 

• ihie, starch, inks i 

Coal-tar products, wood distillri- 

tion i 

(■(•lliiloid, mat dies i 

Artificial manures ; 

Electro-chemistry ; 

Water softening, waste jToducts f 
JVtrolcum ., .. 5915, 6(K)7, < 

Pajier-making . . 0278, 6395, ( 

I’hotography ( 

Books on pure and applied 
chemistry t 
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Civil Service 

The Civil Services 

M nnici pal Civil. Service .. HO, 
Municipal engineers .. .. 451, 

Health and sanitary appoint- 
ments 

.Architeets. analysts, iiisiM'ctors 

1 ow'ii clerk 

Financial staff ’ I , l 

Municipal derkstiips . . * 1070, 1 

Police and legal posts .. ] 

Miscellaneous posts . . . . ’ [ i 
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Poor-law service . . 1851, 1 
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’ Partnership, .seif-hulancing led- 
gers 2978 

. Limited company accounts 3185, 3330 

j IfH‘Ome-tax 3333 

j Departmental, cost, stop's and 

contract accounts 3416 

' Tabular books, bankruptcy . . 3567 
Foreign bills and exchanges .. 3679 
Single entry, royalties . . . . 3916 

Bankingr 

Origin of banking, credit, issiu's, 

' clearing, international excliange 3069 

' Bank of England 4107 

; Practical banking .. 4291, 4438 

Bank tnK>kkeeping 4439 

Bank officials, examinations . . 4587 

Insurance 

I.ife assurance, actuarial examina- 
tions and work 4725 

Fire, accident, marine and other 
insurances 4849 

Auctloneerlngr and Valuing: 

Auctioneering 4083 

Valuing 5151 

Land and estate agency 5284 

Medicine 

Medical profession . . . . . . 5422 

Practice abroad 5427 

Specialism 5429 

Homipopathy ; veterinary surgery 5430 

Dentistry 

The dentist and dental work . . 5549 

Dental study 5768 

Ihuital mechanics .. 5861,6027 

Nursing: 

The nurse, nursing .. 6171,6286 

Scholastic Professions, Church 

Teachers, secretaries 6474 

The Churches 6599 

Law 

Law : barristers, solicitors, com- 
mercial law . . 6716 

Commercial law', eraployers’, lia- 
bilities, landlord and tenant, 

personal law 6844 

Dictionary of law’ terms . . . . 6851 
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Dressmaking : outfit 
Bodices 

Blouses 

Skirts 

Evening dress 


.. 185 

.. 187,474 

. . 478, 522 

523, 054,861 
. . . . 968 


Tailoring: 'IVkiIs, stitches .. .. 1110 

Boys’ suits (knickers, coat, 
jacket, trousers, overcoat) 

1113, 1289, 1460, 1551, 1752 
Ladies* clothing (coat, Princess 
gown, Empire coat, bodieei 

1840, 2050, 2058, 2205, 2328 

Girl’s skirt and coat 2I6S 

.Men’s trousers, eoat.s, overcoats, 
waistcoats .. 2604,2752,2872,3014 
Vnderclothing : Out tit .. .. 3093 

Stitches 3336 

Articles of underwear. . 3472, 3588 

Children's clothing : Infants’ 37+4, 3853 

Child’s clothes 4050 

Little boy’s dress . . 4105, 4355 

Girl’s dress 4472 

A/i//twcrj/ .■ requisites, stitches .. 4564 
Patterns, shaiies 4766, 4800, 5036, 5217 
Hat trimming . . 5329, 5503, 5620 

Mourning niilljnery 5774 

Children’s millinery 5939 

Cleaning, renovation 6040 

Silk hats, raps 6155 

Felt hats 6375 

Furs 6427 

Feathers, prejiuration, uses .. 6608 
Shirts and collar-making .. .. 6696 

GROUP 10 

Electricity 

Development of electricity .. 128 

Dictionary of electrical terms . . 132 

Electric currents, current unite . . 288 

Primary batteries 402 

Magnetism, electro-mngncts . . 559 

Electric circuit, Ohm’s law-, insu- 
lation 069 

Electric units and standards , . 789 

Faraday; the dynamo 949,1104,1321 

Alternators 1357 

Electric motors 1590 

The transformer 1667 

I’hrce-phnse working 1905 
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PAOK 

Electric tram wayg ]«iil 

Electric railways 2085 

Supply systems 2245 

Electric lamps . . 2414, 2612, 2682 

Meters 2812 

Electric heating ami furnaces . . ^t030 

Accumulators 3086 

Klei’trolysis 3200 

Electroplating 3421 

Static electricity (condensers, 
oscillations and waves, coherers, 
wireless telegraphy) * 3579, 3747, 3894 
Theories of electricity (ether, <9ec- 
trons, conduction in gases) 4021, 4103 

Electrical engineering 4296 

Books on electricity 4298 

Telegraphs 

Telegraphists, instruments . . 4382 
Transmitting tdegrains (duplex, 

quadruplex, news) . . . . 4605, 4668 

Telegraph apparatus (needle sys- 
tems, sounders, Wheatstone’s 
AllC and automatic) 4902,5065,5177 
Duplex and (|uadruplex working 524 1 

Perforators, printers 5391 

Repeaters, batteries, chronopher, 
intercommunication switcfi . . 5535 

Telephones 

Invention, instruments, exchange 

systems 5680 

Central battery system .. .. 5878 

Junction ai)paratiis and w(>rk . . 6077 
(Central exchange, trunk work . . 6179 

Poles and aerial lines 6323 

I'ndcrground lines 6461 

Electric Cables 

Manufacture 6546,6701 

Jointing and laying 6702 

GROUP 11 
Civil Engineering 
Civil engineering as a profession 1 55, 1 60 

Sun^eying 158 

Instruments 262 

Traversing, hearings, plotting .. 367 

Levelling 372, 591 

Triangiilation 593 

Eield work 709 

Roilw'ay and mine surveying . . 801 

Marine surveying 1016 

Ordnance survey 1145 

Parliamentary surveying . . . . 1237 

Construction : <?artiiwork, con- 
crete, brickwork, masonry, 

timber, iron 1449 

Reinforced eoiuTcte .. ..1554, 1643 

Machine’s and appliances .. .. 1821 

Dictionary of civil engineering .. 1981 
Roads : Ancient roa<Is, regula- 
tions ami legal matters .. .. 1977 

Road making 2179 

Road draining and laying . . 2323 
New streets, footways, paving.. 2422 
Bridges : Early forms, arched, 
susjiension, iron girder and cast- 

iron bridges 2107 

Foumlations, cantilever ami 

other modern bridges ., .. 2736 

Movable hridgi^s 2887 

Railway construction 3051 

Railway eartli works . . . . 31 7 1 , 3252 

Permanent way 3429, 3607 

Tramway construction . . . . 3750 

Mountain railways 3813 

Water supply : rainfall, wells, 

reservoirs 4024 

Puritlcation, softening, nitration 4095 

Dams, reservoirs, distribution.. 4332 

Sewerage : Systems, sewers . . 4456 

Sewage disposal 4547 

Bacterial treatment . . 4742, 4821 

Refuse destruction 5020 

Hydraulics : Rivers, dredging 6113, 5333 

D’rigation, canals 6483 

Foreshore protection 6577 

Hydraulic power 6675 

Pumps 6031,6060 

Harbours and docks 6218 

Harbour construoUon .. .. 6330 

Dock construction 6495 

Civil engineering abroad . . . . 6620 
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Mechanical engineering as a pro- 

f(‘ssioii 83 

Applied mechanics 85 

Machine construction materials 205 
(Composition and resolution of 
forces, parallel forces, practical 
application .. .. 411,415,540 

Levers, wheel and axle, pulleys, 
inclined plane, wedge, screw , 
application in machines 684, 828 

Friction, applications 958 

Hydrostatics .. .. 1076,1220,1402 

Water power, appliances . . 1573, 1 685 
Pneumatics, application .. .. 1801 

(lovernors, fiy-wheels, revolving 

maKS(*s, hammers 201 7 

Workshop practice : Casting 2109, 2337 
Pattern constrindioii, moulding. 

machine moulding . . . . 2453, 2540 

Dictionary of foundry ttirms . . 2545 
Moulding boxes, eastings, weights 2697 

Melting metals 2862 

Smiths’ work 2983 

Dictionary of smiths’ work terms 3 1 07 
Plating, boiler making . . . . 3095 

Turnery and machine shop, mill- 
ing, grinding, screw ami gear 
cutting, turret work, high- 
speed tools .. 3316,3401.3628 

Dictionary of machine and lUting 

terms 3409 

Fitting, erecting, assemhling .. 3687 
Engineers’ coppersmi thing . . 3884 

Testing 3961 

7’00/s ; Cutting tools 4149 

Scraping tools, milling cutters, 
drills, borers, reamers .. .. 4259 

Boring tools, taps and dies, saws 4479 
Machine wood-cutters, flies, 
grinders, shearing, detrusive 
and percussive tools . . . . 4582 

Measiirement tools 4701 

].athes 4912 

Machine-tools, planers, shapers, 
slotters, drills, borers . . . . 499‘.) 

Milling and grinding machines, 5204 
Dictionary of machine-tool 

practice 5215 

Portable machine-tools . . 5275, 5448 
Machines and appliances : En- 
gineering organisation and 

training 5589 

Books on meehanical engineering 5595 
Clocks and Watches 
Clock motion, cleaning, repairing, 

5711, 5882 

Watches, cleaning, repairing . . 6081 

Scientific instruments 6122 

Military engineering 6265 

Arms and Ammunition 
Pistols, re\wVPrs, rifles, guns .. 6415 
Large guns, howitzers, ainmuni- 

lion, shells, fuses 6610 

Explosives 6757 

GROUP 13 
Geography 

Physical geography : 

Relation of the earth to human 
life; day and night, dimen- 
sions, seasons 10 

Atmosphere, rain, winds, climate 293 

The solid eartli 302 

The shaping of the earth . . . . 456 

1’he oceans and seas . . . . 400, 654 

Volcanoes 461 

Political geography : Survey of 
the living world . . . . 625, 850 

Geography of Europe 852 

British Isles 980 

Scotland 1064 

England 1271 

Wales 1276 

Ireland 1365 

Islands in British w’aters . . 1367 
Norway, Sweden and Denmark 1560 

France 1681 

Belgium, Holland, Germany, 

Switzerland 1835 

German Empire 1972 

A\istria-Hungary, Uie Balkan 
Peninsula 2162 
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Italy, Spain, and Portugal . . 2230 

Russia 2106 

Asia 2560,2716 

Russia in .Asia 2716 

Arabia, Persia, Afghanistan . . 2817 

India .. ..2818,2972 

(Iiincsc! Empire 2974 

Japanese Empire 3158 

(Continent of Africa 3275 

Northern Africa 3450 

Central and Soiitli Africa . . . . 3582 

Australia 3697 

Queensland, New South Wales, 

Victoria 3700 

South and West Australia, Tas- 
mania, New Zealand and 

Pacitle Islands 3890 

Geography of North America .. 4001 

Canada 4065 

United States, Mexico . . . . 4172 

Central America, West Indies . . 4176 

South America 4282 

Commercial Geography : Earth as 

the home of man . . . . 4493 

Adapting the world to man’s 
needs, transport, towms and 

ports, maps 1514 

Forest products . . . 4657, 4873 

Cereals, fruits 4873 

Root crops, stimiilauts ami nar- 
cotics, tea, coffee, cocrwi, pulses, 

sugar cane 4959 

Fibre plants, meat and dairy in- 
dustries, animal products, flsh- 

eries 5117 

The world’s minerals 5302 

Economic conditions and trade 
of tropical and sub-tropical 

countries 5379 

Conditions and trade of tem- 
perate lands : Far East . . .. 5658 

Temperate lands under European 
control : southern lands, and 

North Am«Tica 5060 

Europe in development . . 5707, 5822 
Europe industrially developed . . 5824 
Great Britain ; industries ; ex- 
ports and imports ; cfirryiug 

trade 5999 

Astronomy 

The stars ; constellations ; earth's 

motions 0115 

Planetary motion laws ; astro- 


nomical measurements, eclip- 
tic, telescopes, spectroscope, 
the solar system, the sun, 

sun-spots 6241 

Mercury, Venus, the Earth . . 6402 
The Moon, Mars, asteroids, Ju- 
piter, Saturn, Neptune, comets 6504 
SluM)ting stars, tin? fixed stars, 
nclmhe, cosmic evolution . . 6095 

GROUP 14 

Geology 

Oeologu'al history of the earth . . 617 

Minerals 624, 705 

Rocks, igneous rocks, sedimen- 
tary rocks 896, 1006, 1071 

Earth’s crust changes : volcanoes, 
earthquakes, secular move- 
ments, chemical action ..1200,3352 
Atniosi>hcric, aqueous, glacialyund 
organic agencies . . 1 499, 1633, 1813 

Formation of strata 1815, 1921, 2065 
Geological map of British Isles . . 1021 

Extinct monsters 2064 

Geological pericnls 2253 

Dictionary of geological terms . . 2257 
Mining 

Mining and quarrying, deposits.. 2375 
I'rospecting, boring . . 2380, 2581 

Boring 2582,2665,2845 

Dictionary of mining terms . . . . 2588 

Quarrying, dredging, hydraulic- 

ing 2955 

Underground mining : wells, pits, 
stoping, bed mining (<joal), 
shaft-sinking 2960 3190, 3304, 8457 
Surface and other works . . . . 3766 

Mine treatment of minerals. . . . 3769 

Distribution of minerals .. .. 3771 

Metals 

Metallurgy, processes, proi>ertie8 
of metals .3835 
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MetAllogTOphy, alloys, refractory 

materials 3037 

Furnaces 4125 
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Housekeeping 


QiialitieB of good fter\*ants, general 
and legal conditions 
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Copper, lead, silver, gold, plat- 

SnlVf " 4 % 4303 Butler, honse-keeper, valet . . . . 

antimony, etc Bady*s-maid, fcjotmaii, manser- 

ItJMSm? vmit.coacKman 814 

wfre wirelworic ^013 stable-haiids, gardener, 

^m^roonrlind^'laui^^ 

Ar...!2^^i-work :: :; 


Cold, silver, platinum, coinage, 
precious atones, jewellery . . , . 5847 

^Nickel, lead, alunnninm 5081 


nurses, charwoman, dally ser- 
vant 


Tin ; «r KVSJ Cooler*/, marketing guide 

* bm,,; bronze :! 0305 

Welding, soldering 0453 

Painting, cleaning, polishing, blu- 
ing, enamelling, colouring 
metals, BarfHng, electro-plat- 
ing 0730 


1091 

1225 


Minerals 

Tables of the principal minerals . 

Gas 

Varieties, manufacture and distri- 
bution 


0817 


Table of provisions in season . . 1531 
Cookery recipes : soups, meats 

1735, 1872 

Fish, poultry, game 1873 

Puddings, savouries, Siiuees, 

suluds 2001 

Vegetables 2120 

Breakfast dishes, cakes, bever- 
ages, vegetarian 2331 

Kitchen eetmomies 2335 

jMvndry work : utensils, material 247 

>V ashing 2590, 2688 

Ironinggind folding .. .26«9, 2910 

Lauiulr>' luanugement . . . . 2964 

Food Supply 

Milling, wheat and other cereals. . 3078 
Bread mu king .. .• 3281,3392 

' .. 3592 

.. 3652 
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History 

Dawn of History. Babylon. . . . 10 

TheEarl^Emt: China .. liiKcuit making 

Imlia.Kgypt, Assyria.. .. 41.,. >00 ; Sugar cane .. . 

1 hirnieia, Medes, I ersians .. oOI Dictionary of sugar-innking 

/»Ti X ' ‘‘ 41 '* 1 Cane sugar manufacture . 

The Rvte of Greece, Alexander the Jteet -growing 

< treat , Greek philosophers^ Beet -sugar manufacture 

66 /, (<2,9... Maple, palm, and sorghum sugar 4351 

Itome : I..egend and history, pic- Sugar rctlning . . 4451 

beians and imtrician.s ..1135,1201 sugar analysis, milk-sugar, glu- 
Pyrrhic wars, Punic wars, the (.,,se 4554 

Gracchi, Marius, Sulla ..1203,1381 rrkuHimnntK 4717 

Jidius Ciesar . . , 1513, 1670 F^uiTpi^^^-rving ! ! ! ! ! ! ! 4844 

ahe*Cff^ara (Augustus, hbenus, .• methods 4989 

r,,/ *„ 1671,1830,1937 Fishery investigation 5188 

Ihe emperors tollowmg, the Fishing restrictions, hatching, 

’* .• 193 J, .5,068 di.seases, preparation for niar- 

^.iddle Ag^. , . . ••••.*•, ket, certificates, fishery law . . 5.314 

Depdopment Of Europe : Birth of Food preservation .5403 

T, 6a, Mahomet 2241, 23o3 Catering: household, public .. 5581 

l'’l**ods, Alfred, (aiiiite, Clubs, boaidirig-hoiiscs, hotels 5720 

c 'i' i‘ ■ I't--*: •* Carving footl .. .59.34 

Scotland, Ireland and \iale.sin Dicti/uiarv of menu terms .. .. ,5937 

early tunes 2607 Brewing * 

William JliituR to John 2674,2913 Wines cider . . ! 

3-.arlv history of trance and Mineral w'aters 

other Luropean States ..291o,294o Tea, coffee, and ewoa . . 

Enfflnnd : Ihe barons war, the 
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Luther, Edward VI., Marv, Miscellaneous ideas 
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Republic 
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Patents and Inventions 

aii’i Invention : taking out patents 1398, 
4950 

Colonial and foreign patents .. 1611 

Applied Education 
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^*0 of observution, use of know- 

z'*, *J***Vf’ ^ *'*^* '**'*’* r --4 ledge, ediicotifui and charaeler 1743 

u uliTr ■ iv *^^ Georges . .o,>;»4, i>68a Observation : its value, training, 
v\ illirini J\ • ,, ftTici MTihert? • 1881 

iVVjr*^iV‘?r ^ ‘‘ Judgment and criticism ; iiiipor- 

v'ii' “luiW tance in education 1945 

Reflection, meditation, discussion 2136 

IL' Vf : ' Memory and attention, conceiitra- 

Europe . Russia, Ivan 11. to fior. 

PrSrmiv'ur.- MU 5200,6301 national’ 'freedom*: ’value’ and 

(iennanV, ’i.lj.'tiv" d.,ri. 2404 
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Oreat’Britain to 1907, .iipaiV i! 6690 r«>^S"fime !! 2672 
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Habit, guidance of the will, 

S arental responsibility, in- 
uence of social heredity . . . . 2860 

Heading (general advice) , . . . 2937 

Subconscious mental activity, 
passive acquisition, inspira- 
tion 3183 

Economy : insurance, savings 

hanks, friendly societies, mort- 
gages 3222 

Banks and Investments generally 3482 

GROUP 18 
Languages 

The study of languages . . . . 115 

English 

Alphabet, noun, gender .. .. 121 

Number, case, noun syntax . . 245 

Adjectives, articles, pronouiH .. 445 

Frononns, verbs 605 

Moods, gerunds, participles, 

tense, verb “ to ue,'’ analysis 755 
Auxiliary and notional verbs . . 902 

Strong and weak verlxs . . . . 1049 

Adverbs 1184 

Prepositions, conjunctions, inter- 
jections 1336 

Punctuation .. .. 13.38,1471 

Style, reading aloud 1472 

Parsing, analysis 1617 

History of English language . 1768 

Espekanto 

Tourist vocabulary 19,57 

Alphabet, article, noun, pronun- 
ciation, verb 4511 

Affixes, adjectives, jircpixitions, 
pronoun.s (personal), verb .. 4055 
Adject ives, adverbs, verbs 

(future tense) 4799 

Numerals, pronoun.s (posses-sive 

and reflexive) 4943 

Conjunctions, interrogation . . 5087 
Degrees of comparison, iiumcrula 5231 

Accusative, prefixes 5373 

Adjectives, adverbs, pronouns . . 551<> 
Conjunctions, numerals, verbs . . 5654 
Adverbs (variable), prepositions, 

Hiifflxea 5805 

Elision, pronouns (pa.ssivc re- 
flexive) 5949 

Suffixes, verbs (imperative mwKi) 6093 
Particn»ial adjectives, suffixes, 

verbs (impersonal) 6237 

Participial adjectives, nouns and 
adverbs, active ami passive 

voice, suffixes 6380 

Suffixe-s, subordinate clauses .. 652 1 
Suffixes, coniiioiind w'ords, abbre- 
viations, geographical names. . 0006 

French 

Alphabet and accents . . . . 123 

Capitals and small letters, liaison, 
punctuation, accents, cedilla 448 
Article, verb auxiliary, .. .. 75o 

tienderruhis 005,1052 

Verb (Jst conjugation), plural 

formation 1180 

Adjectives (position), romparison 
of adjectives, adverbs, irregular 1 339 
Adjectives (demonstrative and 
possessive), compound tenses, 

the negative 1475 

Numerals 1619,1772 

Adjectives (indefinite) .. .. 1876 

Personal pronouns . . . . . 2046 

Pronouns (demonstrative and 

possessive 2194 

Pronouns (indefinite) 234 h 

Verb, imperfect, Indh’atlve . . 2486 
Pronoun, relative-interrogative 2633 
Verbs, Ist conlugation . . . . 3643 

Verbs, 2nd conjugation . . . . 3787 

Verbs, 3rd and 4th conjugations 3928 
Pronominal verbs, reflexive verbs 4072 
Verbs (pronominal, paH.sive, 

neuter) 4216 

Verbs (impersonal, irregular) . . 4361 
Verbs, irregiilur, 1st and 4th 

conjugations 4506 

Verbs, irregular 2nd conlugation 4649 
Verbs, irregular, 3rd conjugation 4794 

Verbs, defective 4938 

Adverbs 5082 


I'LitU* 



GROUP INDEX 


PAGE 

Conjunctions, Interjections, pre- 
positions 5227 

Articles 5370, 5512 

Adjectives, syntax 5661 

Pronouns, syntax 6800 

Verbs, syntax . . . . 5947, 6087 

Adverbs, propositions, conjunc- 
tions 6088 

German 

Relation to Engiish, pronuncia- 
tion, alphabet 248 

Article, personal pronouns, verb 
(auxiliary), declension (strong) 746 
Nouns, adjectives, gender(niasc.), 
verbs, conjugation, personal 
pronoun, declension . . . . 1054 

Nouns and adjectives, gender 
(fern.), verbs (weak), conju- 
gation (imperfect indie.) .. 1189 
Verbs (weak), participle (imper- 
fect), prepositions, nouns 
(strong declension), possessive 

pronouns 1341 

Strong verbs, adverbs .. .. 1478 

Infinitive participle, w'eak sub- 
stantives (declension), verbs 

(compound tenses) 1621 

Prepositions (syntax), attribu- 
tive adjectives 1774 

Possessive pronouns, verbal pre- 
fixes, strong declension . . . . 1878 

Reflective pronouns, cardinal 
numerals, strong verbs (with 

stem vowel “ < ” 2049 

Nouns not used in plural, demon- 
strative pronouns, strung verbs 

in*' e" stems 2350 

Nouns (plural, double plural), 
interrogative pronouns, syntax 
of prepositions, classification 

of verbs 2488 

Strong verbs, pliural of nouns, 

conjunctions 2637 

Relative pronouns, indefinite 
pronouns, strong verbs . . . . 2776 

Auxiliary verbs of tense, inter- 
jections, vocative case, strong 

verbs 2926 

Compari.Hon of adjectives, 

numerals 3062, 3213 

Irregular verbs 3215 

Auxiliary verbs of mood, passive 3355 

l^se of tenses of verbs, atfirma- 
tion and negation, use of 
iikxkIs, position of verbs . . 3501 
Verbs (transitive, intransitive, 
governing dative, genitive, 
impersonal), position of words 3645 
Verbs, interjections, elliptic 

sentences 3788 

Government of adjectives, co- 
ordinate, subordinate clauses 3931 

Clauses (sujiject, object), sub- 
junctive in subordinate clauses 4075 
Attributive, relative, adverbial 

clauses 4218 

Punctuation, correspondence . . 4363 

Greek 

Classical and modern, alphabet, 
pronunciation , breatbings, 
accents, nouns, (dcclens. 1 and 

2), the article 5374 

Adjectives, nouns (decleiis. 3), 

verb “ to be ” 5518 

Nouns (declens. 3), adjectives, 
verbs (regular), syntax . . . . 5665 

Pronouns 5806 

Nouns (irregular), adjectives, 

adverbs, numerals 5951 

Verbs, regular (luo) 6094 

Verbs (contracted), accusative 

case 6238 

Prepositions (syntax) 6382 

Verbs (regular in -mi), genitive 

case 6526 

Dative case, negatives, relative 
pronoun, oratio obliqiia, 

middle voice 6668 

Prose composition, order of 

words . . . . 6808 

Italian 

English Importations 1770 

Tourist vocabulary 1957 

Alphabet, pronunciation, accent, 
articles, prepositions . . . . 2043 
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Nouns (gender rules), auxiliary 
verb (indicative mood) .. .. 2102 

Nouns (plural rules) 2436 

Auxiliary verbs, plural of nouns 2484 

Adjectives (rules for feminine and 

plural) 2631 

Adjectives, possessive and in- 
definite 2770 

Adjectives, numerical . . . . 291 9 

Adjectives, comparison . . . . 3058 

Adjectives, modification . . . . 3209 

Verbs 3210 

Verbs, irregular (Ist conjugation) 3497 
Pronouns, personal, idioms . . 3642 
Pronouns, x>ersonal, verbs (2nd 
and 3rd conjugations) . . . . 3784 

Verbs (3rd conjugation) . . . . 3926 

Pronouns, personal verbs, passive 4070 
Verbs (irregular); pronouns (per- 
sonal) 4214 

^’^erbs, reflexive and irregular 4358 
Verbs (intransitive, irregular and 
impersonal) ; pronouns (demon- 
strative and possessive) . . .. 4503 

Verbs (irregular), pronouns (rela- 
tive), interrogatives . . . . 4647 

Verbs (irregular), idiomatic ex- 
pressions 4792 

Verbs, (irregular), adverb . . 4937 
Adverbs, verbs (irregular). . . . 5080 

Prepositions, verbs (irregular) 

522.5, 5308 

f ‘on junctions; verbs, irregular 
(2nd and 3rd conjugations) 


5649, 5945 

Latin 

Alidiabet, pronunciation, declen- 
sions (1st and 2nd), verb 

“ to be ” 118 

Nouns (4th and 5th declensions), 
pronouns, conjugations scheme 242 
Comparison of adjective.s and 
adverbs, relative and interro- 
gative pronouns 442 

Pronouns and adjectives, num- 
erals, passive voice, ablative 

absolute 001 

Nouns, irregular and defective, 
ablative case (idioms) . . . . 753 

Verbs, anomalous and defective, 
deponent verbs, dative and 
genitive cases, syntax . . . . 899 

Verbs, frecinentatlve, Inceptive, 
desiderative, quasi - passive, 
defective, impersonal, irre- 
gular; oratio obli qua .. .. 1047 

Verbs, irregular (2nd conjuga- 
tion), Roman calendar, sub- 
junctive mood 1182 

Verbs, irregular (3rd conjugation), 
Roman money, interest, frac- 
tions, sequence of tenses, in- 
finitive mood, gerunds and 


supines, gerundive 1333 

Verbs, irregular (3rd and 4tb 
conjugations), prepositions 

compounded with verbs, in- 
terrogative sentences .. .. 1469 

Miscellaneous idioms, grammati- 
cal terms, textbooks .. .. 1615 

Verso and metre 1766 

Spanish 

Alphabet, promineiation, accent, 
genders, numbers, articles . . 2040 

Articles 2189 

Nouns (plitfal, gender) .. .. 2343 

Adjectives (feminine and plural) 2481 
Adjectives ; diminutive and aug- 
ment ative suffixes 2628 

Numerals, prose extract . . . . 2768 

Pronouns, personal, reflexive . , 2917 
Possessive adjectives and pro- 
nouns 30.56 

Relative and iiideflnite pronouns 3207 

A uxiliary verbs 3348, 3494 

Article, gender, number, dateji, 
days, month, euphony, errata 3792 
Regular verbs (1st and 2nd con- 
jugations) 3933 

Regular verbs (3rd conjugation) 4078 


irregular verbs 03rd and 4th 

classes) 4609 

I^nclasslliable irregular verbs 4652,4769 
Adverbs 4640 
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Prepositions, prepositional 
phrases, commercial phrase- 
ology 6085 

Conjugations, interjections . . 5229 

Familiar dialogues 5514 

General correspondence . . . . 5803 

Commercial correspondence 6091, 6235 


Root Words, Latin, and Greek 
Derivation rules and English, 
French, Italian and Spanish 
derivatives 6810 
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. Literature 

Place of literature in life . . . . 103 

How to get the best out of books 105 
Poetry : Origin, puri)ose, forms . , 303 

English poetry : Chaucer, Gower, 

W y at t and Surrey 324 

Elizabethan lyric poets : Sidney, 
Spenser, Raleigh, Dray ton, 
sonneteers, and allegorists . . 536 

Elizabethan dramatic poets : 

Marlowe, Shakespeare . . . . 678 

Ben Jonson, Beaumont, Fleteher 
and other dramatists .. .. 845 

Choice of Elizabethan h(K)ks . . 840 

Milton, Dryden, Pope, Burns . . 991 

Dramatic ])octs and playwrights 
in 17th, 18th, and 19th centuries 1149 
Nineteenth century poetry , . 1304 

Prose : Characteristics, prose of 
Ailfred, Chaucer, Malory, 

Froissart, More 1607 

Aseham, the Bible, essayists, Ben 

Jonson 1639 

Eighteenth century prose : Tie- 
foe, Swift, Steele, Addison .. 1901 

Samuel Johnson, Goldsmith : his- 
torians, Gibbon, Burke, Wal- 
pole, Adam Smith 2053 

Study of style, Chesterfield, letter 
writers, other writers and 

seholars 2139 

Nineteenth century prose, e.ssa.v- 
isls, Lamb, Hazlitt, Do Quincey 23(J8 
Cobbett, Landor, Leigh Hunt, 

Carlyle 2450 

Macaulay, Froude, Ruslan, 
Arnold, Pater, Stevenson ; 
biography and history . . . . 2015 

Living prose writers, modern 

conditions 2085, 2785 

English action : the novel ; early 

writers 2901 

Richardson, Fielding, St(‘rne, 
Smollett, (4oldsmiti) ; minor 
and w'oman novelists .. .. 3129 

Scott 3344 

Victorian novelists : Dickens, 
Thackeray, Reude, Stevenson 3438 
Living novelists : Meredith, 

Hardy, ete 35.55 

Comparative literature . , . . 3780 

Journalism 

The power of the journulist . . . . 3810 

.Tournalistip openings 3974 

The reporter 4190 

The sub-editor 4232 

The editor 4429 

How to write 4577 

The free-lance 4671 

Journalist's system 4815 

Printingr 

The trade, type, founts . . . . 5026 

Composition 5163 

Linotype, monotype, fiuniture . . 5249 

Dictionary of printing 5253 

I.ocklng-up, imposition, reading. . 5457 

Foundry, stereotyping, electro- 
type, Dalziel’s process . . . . 5556 

Printing presses 5744 

Machine printing 5745,6867 

Typefotinding 0073 

Engraving: Etching, aquatint, 

line 6111 

Mezzotint, w^ood . . , : . . . . 6289 

Photo-engraving 1648 

Lithography . . * * 6635 


Books 

Bookbinding, publishing . . . . 6675 

Libraries 0871 

6897 



GROUP 20 

Materials and Structures 

PAGE 

Charaot eristics of timbers . . . . 51 

lion and steel 231 

Metals 356 

Jfatiiral stones, artitleial stones.. 528 

Geological synopsis of stones . . 535 

Bricks and other building ma- 
terials, terra-cotta, tiles, pipes, 
sand, lime, cements, putty, 

mortar, concrete 643 

Rubber, gutta-percha, gums, glue, 
horn, ivory, camplior, mica, 
asbestos, glass, emery . . . . 808 

Oils, waxes, resins, alcohol, lacs, 
varnishes, paints, sir.e, pumice, 
copper and iron sulphates, inks 1032 
Bituminous substances, leather, 

paper, fibres 1163 

Stres«en, strengths and tests : of 

timber 1256 

Of iron ami steel 1391 

Of stones, bricks, cements, con- 
crete 1517 

Of ropes, chains, fibres, glass, 
rubber, bolt.s, springs, pipes . . 1099 

etructural mechanics, forces . . 1833 

Stability of structures : beams, safe 

loads 1984 

Load diagrams, girders, stan- 
chions 2197 

Steel -framed strueturtis, canti- 
levers, girders 2446 

Roof trusses 2446 

Walls, buttresses, retaining walls 2570 
Arches, suspension chains . . 2760 
Books on materials and structures 2764 
Leather 

History of leather manufacture, 
raw materials, preparing for 

tanning 2851,3010 

Tanning 3012, 3162 

Leather dressing 3217, 3455 

Belting 3531,3712 

Boots and shoes . . 3873, 4015, 4137 

Machine bootmaking 4237, 4432, 4540 
Saddlery and harness 4783, 4885, 5057 
6191, 5339 

Glove manufacture 5479 

Recipes for leather- workers. . . . 5646 

dictionary of leather trade terms 5647 

Wood-working 

Sawmill 5666 

Log-sawing 5899 

Reciprocating and band saws . . 5994 

Circular saws 6143 

Baud saw's, cross-cut saws, 

benches 6357 

Saw’ teeth, tension, guards . . . . 6449 

Planing and moulding machines 

6452, 6654 

Mortising, tenoning, boring, dove- 
tailing machines, lathes . . . . 6754 

Turning, bxjls and lathes . . . . 6853 

GROUP 21 

Mathematics 

ArUhmetic . Simple arithmetic . . 89 

Compound quantities 226 

Metric system, factors . . . . 337 

Fractions and decimals , . 546, 705 

Kecurring decimals, practice .. 8«4 

Katio, proportion, profit and loss 996 

Interest, discount 1127 

Stocks and shares 1 262 

Square and cube roots . . 1 264. 1 439 

Problems 154?; 1713 

Algebra: Klementary . . ..1818,1903 

Multiplication and division 2148, 2281 

Kquations 2381,2577 

ractors 2747, 2890 

Fractious 3026,3198 

(piadratic equations .. ..3199,3290 

K\ olution, indices 3411 

Surds 3521 

Ratio, proportion 3695 

Prt>grcssions 3913 

Pernuitatioii-, combinations . . 4045 

Plane geometry 4207, 4330 

Triangles 4.330 

Parallel lines 4477, 4623 

Parallelograms, loci . . . . 4723, 4905 

Areas, (.'irclea 4905, 5043, 5197, 5.337 

♦1898 


PAGE 

Ratio and proportion 6337, 5472, 5635 Applied Botany : Tobacco 

(^onic sections 5783 Forestry, the industry 

Parabola, central conies .. .. 5943 ' ’ ‘ 

Trigonometry 6085 

Ratios .. .. 6231,6373,6499 

l.ogarithms 6500, 6627 

Solution of triangles . . . . 6628, 6789 


GROUP 22 

Music 

Theory of music . . 37, 270, 363, 666 

Dictionary of musical terms . . 42 

Tonie-.sol-fa 805, 921 

Transposition 1057 

Pianoforte .. 1210,1415,1506,1757, 
1 888 2023 

Violin . . 2121, 2311, 2410, 2508*, 2741 

Viola 2823 

Violoncello 2968 

Double-bass 3167 

Harp 3341,3396,3524 

Guitar, zither 3760 

Organ 3857 

Harmonium, American organ 

3950, 4179 

Mandoline, banjo, aiitoharp, 

dulcimer 4308 

Accordion, flageolet, concertina 
Fife, piccolo, flute, ocarina . . 

Clarionet 


PAGE 
4270, 4373 
.. 4602 

Sylviculture 4676 

Forest pests, forestry training.. 4925 

Rubber, ciiltivation 5045 

Rubber manufaeture 5199 

Substitutes, uses and chemistry 

of rubber 6309 

Gutta-perchaand balata .. .. 6313 

Basket-making . . . . 5488, 6561 

Cane and bamboo 5723 

Barks, cork 5897 

Tanning and medicinal barks .. 6065 

Brushmaking 6106 

Taxidermy 6326 

Bacteriology 6437 

Immnnity, bacterial treatment 

of disease 6540 

Dictionary of bacteriology . . .. 6545 

Evolution against bacteria . . " 6781 
Highest aim of man, physical 
and moral 6783 


GROUP 24 

Physics 

History and future of physics .. 33 

. Matter, force, energy 312 

Law's of motion 422,549 

4.'>67 Equilibrium 553, 661 

Gravitation 662, 797 
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i<raviiatiou ggz, j'jj 

Oboe, cor anglais, bassoon . . .. 4891 Specific gravity 797 

Bagpipes . . 5059 Equilibrium 799 

barrusophones, saxhorns .. .. ol29 The ether : nature of gravitation 935 

baxophones, tromboiM's .. .. »26o Ehiids, pressure laws, Bovle’s 

I ruinpet, cornet, horn .. .. 5437 law, hvdrokiiictics .. 1134 

Percussion instrument.s, bell- _ ^ Properties of matter 1144,1265,1374 

ringing //m/; Liqiiidsund gases, 1563,1738, 1899 


Oreh<*stration 5726 

Orchestras, conducting, ehoir- 

fraiiiing 588 

Singing . . 6047 Light : I’lieories, speed 

binging practice 6182 

l*hrasing, articulation, style . . 6336 

lhano-tiining 6442 

Musical instrument making : 

Brass iihstruments, wotKl-wincl 6621 
Stringed instruments, violin, 
pianoforte, organ 6705 


Business side of amusement . 


GROUP 23 
Natural History 

Scope and aim of natural lii.slory 
Botany : Division of vegetable 
kingdom, plant structure 
Ri'prodiiction, seed plants classi- 
fication 34( 

The struggle for existence (food 

and ligiit) 

Parasites, water absorption and 
transpiration . . 505, 506, 508, 727 
Pollination by water, wind, and 

insects 729, 908 

Seed dispersal 909 Sources 


Radiation, abs(>rptioJi, conduc- 
tion, tlKTinodynamics . . . . 2060 

Soutul 2064,2101,2315 

. . .... 2431 

Reflection, images . . 2436, 2599 

Refraction, dispersion, rainbows 

2732, 2899 

Lenses 2901 

Telescope, optical instruments . . 2940 
The eye, sight .. 2952,3178,32 26 

The micrascoi>e 32?7 

6863 Colour, polarisation .. 3728,3849 

Theories of light .. .. 3851,3043 

Kinds of radiation : N-rays, 
Kontgen rays, eatluKle rays, 
theory and laws of radiation 3943, 4090 
^34 Magnetism 4243 


165 


503 


human radio-activity 

.. .. 4449 

Crystallisation 

. . . . 4560 

Astrophysics 

. . . . 4561 

Problems of solution, 

osmosis, 

ionic theory 

4.562,4698 

Summary 

. . . . 4882 


on modern physics 

Power 


5010 


5353 


\Aheat - 913 Power-producers 5127 

Plant protection ^ 1 ^ - - 

Ferns, fern-like plants 
Horsetails, mosses, liverworts 

Alternation of generations. . 

The lowest plants ; thallophytes 
Zoology: Principles, classification 1490 Horizontal engim^s 


^116 

1310 Prime Movers 

l:j68 Steam-engine principles, history . . 5413 

1311 Cylinders, valves 5641 

■ 368 Beam, vertical, Beilis engines 5748, 5909 


5910, 6069 
Jnelined, osriHatiiig, three-eylinder 
and BrothertuMMi engines. . .. 6071 

6130 
6292 
6514 
6645 
678.5 


Mammals : oniiiivorous, herbi- 
vorous, and carnivorous .. 1701 

Meansof pnigressioii .. 1869,2037 Valve gears 

Weapons, coloration 2155 Corliss and marine engines .. 

Birds, eia.ssifieatiori 2269 The railway IcK-omotive 

FimkI, iiioveineiit 2493 Steam turbines 

Clothing, colours, courtship, Gas, oil and petrol engines . . 

nests 2595 Boilers 6874 

Reptiles 2677,2798 

Amphibia 2799 GROUP 25 

Fishes 3065 

J*rim)tive back-boned animals . . 3070 Physiology 

Inverfcbra, shellfish.. 3113,3284 Life, its phenomena 95 

Arthropoda, air-breathers, (x^nti- Plan of the human body . . . . 97 

I>edes, insects 3301 Dictionary of physiology .. ,. 102 

Beetles, moths, butterflies. . .. 3510 Construction: systems, organs, 

Flies, bees, wasps, ants .. .. 3721 cells, tissues, bones, metabolism 19f 

Spiders and Hcon>ioiiB :1803 Chemical composition, body heat 435 

Gill-bearers, crabs, crustaceans 3806 Digestion 676,67:^ 

Worms 395 Food, assimilation .. .. 677,865 

Bea animals, zoophytes, sponges, BhKjd, circulation, red and white 

aniitialciiles 4081 corpuscles, vesmds, heart . . . . 952 



QROUP INDEX 


PAGE 


Blood-circulation, vascular glands, 

lymphatic systcTn 1192 

Ttcspiratiou 1299 

Tiio skin, functions 1419 

Kidneys 1602 

Locomotive mechanism : bones, 
arms, legs, musclc-s . . . . 1603, 1708 

Orders of body levers : motion, 

locomotion 1797 

Nervous system 1941 

Spinal cord, brain .. 2143,2299 

Eye 2400 

Hearing, taste, smell, speech . . 2533 

Health 

Health : conditions of long life . . 2661 
Ill-health, health finance . . . . 2794 

Production and expenditure of 
vital force and strength . . . . 3048 

Good food, foodstuffs 3109 

Foods, cooking 3311 

Beverages 3314,3377 


Meals 3601 

Food adulteration .3716 


Ventilation 4019 

Water, water-sunply 4155 

Cleanliness, clotliing 4255 

Exercise, rest, sleep 4387 

The normal man 4527 

Feeding and clothing children . . 4681 
Care of children, schools . . . . 4862 

The healthy house, sanitation . . 5050 

Lighting, heating 5193 

Soils, climates 5273 

C'auses of disease 5409 

Ill-health 

Symptoms of disease, treatment 

systems 5539 

Natural remedies, ill-health, tem- 
peraments 6899 

Dyspepsia, biliousness, stomach 

and liver diseases 5841 

Artery diseases, vein diseases, 
blood diseases, heart diseases . . 6036 
Diseases of respiratory organs . , 6132 
Infectious ill-health, nerve 
diseases, diseases of special 

senses 6260 

Accidents, first-aid 6471 


GROUP 26 

ShopkeepinfiT 

The business, and its beginning . . 43 


( ’hoi ce of careers 46 

Buying, stocking, selling .. 175 

Siiop fronts 395 

Shop windows 509 

Starting in business 702 


Cyclopaedia of Shopkeepingr 
Agricultural implement dealers, 
animal and bird dealers, art 
dealers, artists’ material dealers 889 
Baby-carriage dealers, baby-liiieu 
outfitters, bag and trunk 
dealers, bakers and confec- 


tioners 926 

Berlin wool shops, booksellers . . 1095 
Boot and shoe retailers, builders’ 

merchants.. .. 1326 

Butchers 1427 

Buttermen, carpet merchants .. 1624 
Chemists and druggists . . . . 1651 

China and glass dealers, chiropo- 
dists, clothiers 1893 

Cool dealers, corn-chandlers . . 1 989 
Cutlery and tool dealers, cycle 

dealers 2091 

Dairymen, domestic engineers, 

drapers .. .. 2215 

Dressmakers, electric dealers . . 2437 
Fishing tackle dealers, fish- 
mongers, florists, fruiterers . . 2524 
Fur merchants, gentlemen’s out- 
fitters 2720 


Glovers and hosiers, greengrocers 

Grocers 

Gun and ammunition dealers, 

haberdashers 

Hairdressers 

Hatters, herbalists, house fur- 
nishers 


2868 

3041 

3151 

3205 

3443 


PAGE 


Ironmongers 3572 

Jewellers, licensed victuallers, 
iiiaiiicurista, massage specialists, 

milliners 3732 

Motor-car dealers, musical instru- 
ment dealers . . . . . . . . 3878 

Naturalists, newsagents, oil and 

colourmen 4055 

Opticians, painters and decorators 4141 
Pawnbrokers, perfumers . . . . 4346 

Photographers, photographic 

dealers , 4417 

Picture framers, picture postcard 
dealers, plumbers, postage- 
stamp dealers, post-oflicc sub- 
agents 4600 

Poulterers and game dealers, 
provision merchants .. .. 4711 

Saddlers 4888 

Scientific instrument dealers, 
seedsmen, sewing-machine 

dealers 4993 

Ship cliandlcrs. silk mercers, 
silver and clectro-pIat« dealers 5220 
Sporting g(X)ds dealers, stationers 5343 
Surgical instrument dealers, 

sweet sellers 5491 

Tailors, telephone office, tobacco- 
nists, toy merchants, umbrella 

merchants 5597 

ITndertakers, watchmakers, Avlne 
and spirit merchants . . . . 5785 

Retailing entei^rise 5925 

System in retail shops 6054 

Wholesale trade 6207 

Business Manafirement 

Business correspondence . . . . 6350 

Factory and office system .. .. 6518 

Factory organisation 6639 

Jumited company formation . . 6800 
Advertising 6857 


. GROUP 27 


Shorthand 

Advantages of shorthand and the 
Pitman system : coiisouaiits . . 48 

Vowels, diphthongs . . . . 259 

(’ircles, loops, grainmalogues . . 427 

Initial hooks 586 

Final hooks, grammalogues . . 689 

Double consonants, upward and 

downward I and r 836 

Halving, double-length . . . . 1038 

Vocalising pi and pr, w» and y 

diphthong.s, suffixes 1101 

Grammalogiies, wTiting in position 1 234 
Contractions, phraseography .. 1463 

Typewriting: 

Choice, fingering 1527 

Typewriting practice, carbons, 

ma Hi folding 1696 

Typewriting as a business . . . , 1918 

GROUP 28 
Textiles 

Textile industries, w'ool . . 68, 220 

Dictionary of textile trades. . 73 

C’otton 222, 383 

Silk 581 

Textile fibres, cultivation .. 716,817 

Microscopic structure of fibres . . 820 

Flax, hemp, jute 1025 

W uul-sortiug and treatment . . 1120 

Cotton preparation 1241 

Silk preparation 1245 

Flax, hemp, jute, and ramie manu- 
facture and dressing . . . . 1 385 

Carding process 1541 

W^ool-combing, silk and ramie • 

slivers 1723 

Tow and jute carding 1885 

Making felt 1995 

Yarn manufacture 2097 


Reeling, winding, spooling, silk- 
winding and throwing . . 2592 

Sewing-tliread manufacture 2707 

Counts of yarns 2895 

Waste utilisation 2897 


Principles of textile desi^ . . 2939, 3153 


PAGE 

Carpet weavings and design .. 3357 

Weaving 3488 

Automatic looms 3685 

Practical wraving 3684,3909 

Carpet weaving 3990 

Wool finishing 4106 

Carpet and cotton finishing. . .. 4341 

Textile printing 4499 

Hosiery 4619,4763 

Lace-making 4877,4 978 

Floorcloth and linoleum . . . . 5122 

Twine and rope manufacture . . 5288 
Textile calculatioits and design . . 5507 

Dyeing: 

Textile dyeing 6637 

Mordants ' 5779 

Natural dyestuffs 5781, 6905 

Artificial dyestuffs 5908 

Coal-tar dyes 5953 

Insoluble colours, water, preparing 

fabrics 6194 

Dyeing machinery 6367 

Dyeing mixtures 6501 

Non-textile dyeing . . . .6649, 6760 


GROUP 29 
Travel 


The national importance of educa- 
tional travel 04 

Personal value of travel . . . . 212 

The atmosphere of a country, 
guides, climatic conditions . . 391 

M(k1cs of travel 512 

Touring Belgium, France . . . . 713 

(iermany, Norw’ay, Holland . . 857 

Switzerland, Italy 946 

Spain, Portugal 1132 

Austria-Hungary 1248 

Sweden, Denmark 1424 

Russia, Greece 1021 

Fnited States, Canada 1048 

Organised travel 1809 

One hundred phrases for travellers 1950 

Transit 

Methods of transit .. ..2152,2273 

Vehicle comtruction : Varieties of 

vehicles 2462 

Desi^i of veliicles 2555 

Dictionary of vehicle construc- 
tion 2559 

Vehicle drawing oflire . , . . 2725 

Body-making 2827 

Bo<ly fittings 3022 

Cndcr-carriages 3121 

Vehicle metal-w’ork 3325 

Painting vehicles 3479 

Carriage trimming and lining .. 3621 

The bicycle . . 3773 

Automobiles 3903 

Balloon construction, parachutes, 

airships 3977 

Driving, omnibuses, cabs, tram- 
ways 4185 

Railuny imnagement : Adminis- 
trative staff 4227 

Tlie modern locomotive . . . . 4226 

Railway staff 4379 

1'rack and running staffs . . . . 4591 

Signals, brakes 4686 

Pns.senger traffic 4803 

(loods traffic 6068 

Clearing House and sundry de- 
partments 5101 

Shipbuilding : The profession, 

varieties of sliips 5255 

Types of modern sailers and 

steamers 5398 

Shipyard drawing 5608 

Shipyard arrangement and work, 

keel, frame 5735 

Outside plating, riveting, caulk- 
ing, launcliing 6917 

Strength, speed, propellers, steer- 
ing 6221 

Ship management : Commercial 
side, shore departments, mer- 
cantile marine, R.N.R 6361 

Seamanship 6406 

Dictionary of nautical terms . . 6413 

Navigation 6658 

Mercantile marine, ships* staffs . . 6803 


6899 



SELF-EDUCATOR GUIDE TO KNOWLEDGE 


A COMPREHENSIVE INDEX TO ALL THE 
SUBJECTS TREATED IN THE SELF^EDUCATOR 


This Index is entirely alphabetical and 
unclassifiedt so that reference to it is a simple 
matter. Any item of information in any 
subject should be looked for as if the Index 
were an index to that subject alone, French 
adjectives, for example, under ^^Adjective,^^ 
not under French^'; dynamo brushes under 
** Brushes,^^ not under Dynamo.'^ This 
principle has been followed as far as pos- 
sible, though, of cours^ general informa- 
tion in regard to the French language or 
dynamos is indexed under ** French or 


Dynamo/^ For general surveys of the 
subjects treated in the Self-Educator, see 
the Group Index, beginning on page 6893. 
Page references in italics indicate illustra* 
tions. Chemical compounds are indexed under 
their exact names— e.g.. Sulphate of Copper 
under ** Copper Sulphate,^^ with a cross 
reference for the popular name. Blue Vitriol. 
Owing to exigencies of ^ace, the numerous 
dictionaries in the Self-Educator have not 
been separately indexed. They will be 
found by reference to the particular subjects. 


A: 9ce Alpluibet 

A (—on) in Knglisli wonls, 7 .'jC; in 
preiR)!?itions, 133G 

A (Froueli preposition), witli miinerals, 
1773, e08P 

A (Italian prei)i:)8itlon\ use, .'j.'IGS 
AHC machine, in telegraphy, 

A.r.K., anaisthetie mixture, use, 3139 
A.I.C., 786 
A llecket : see Beoket 
A posteriori reasoning in logic, 2064, 
5990 

A priori, l(»gieal process, 2064 ; (le- 
aned, 5090; instance of Jui>iters 
moons, 6002 

Aaland Isles, touring directions, 1425 
Aardvark, ant-eater, 1765 
Aardwolf, hvauia variety, 1765 
Abaca, Manilla hemp plant, TIS, 719 
Abandonment, in clerkship, 405 
-- in marine insurance, 4854 
Abassi cotton, 384, 380 
Abatis, in military engineering, 6272 
Abb, variety of wool, 1120 
Abbassides, dynasty of, historj’, 2353 
Abbreviations, commercial (list), 408, 
6353 

— in geometry, 4207 

— longhand, in journalism, 4193 

— in music, non-notafional, 271 

— shipping insurance, 6363 
Abdomen, human, 'W, isu ; bi))ed and 

quadruped contrasted, 99 ; muscles, 
1712; respiratory function, 1300, 
1301, 1.Z03 

Abductor, human muscle, i-l.jt/, 3511 
Aberdeen, 1065 ; fish market, 1536 ; 
harbour, 6330 

— granite, 529, 1065, 1518 
Aberdeen- Angus bull, 4^2 

cattle, 2236, 2240 

Al>erration, in eye, 3180 

— spherical, in light, 2735 

— in telescopes, 2950 

Abies and varieties: s^e X'irs, Spruce, 
and Black, Hemlock, and Xonvay 
Sjiruce 

Abiogencsis, in biology, 28 
Ablative alisolute (Latin grammar), 604 
Ablative case (J^itin idioms), 754 
Able seaman, jiay, 4266 ; service con- 
ditions, 4267, 6803 
Aluiormality, detlnition, 485 
Aborigines, American, 1789 

— Australian anthrojKjlogy, 1785, 

1787,1788; condition, 3700 

— Indian, 1789 

Abortion in cattle, treatment, 2239, 
2623, 3671 

AlK>u-Bekr, caliphate of, 2353 
Abrading, w«M)d-working, 5667 
Abraham, .lews trace origin to, 665 

— Plains, Quebec, 1650 

Abrasion, in tool work, definition, 4140 
Abraxas grossulariafa : tee Magpie 
moth 


Abrome, distribution, libre, 818 
Abscissa of parabola (geometry), 1412 
Absinthe, dietetic value, 3315 
Absolute temperature, 1806 
Abstract, in clerkship, 405 

— nouns, 122 

Abstracting, in quantity surveying, 
6505 

Abstraction, in psychology, 2803 
Abt svstem, railway construction, 3804, 
:hl4 

Abutilon, culture, 6531 
Abutment of bridges, stability, 27CJ, 
27r,:i, 27fi(i 

— pieces, in staging, 1174 
Abyssinia, ethnology, 1790; geograpliy 

of, 3452 

Acacia, plant, 6880 ; classiticatlon, 353 ; 
cutch from, 5906; tanning barks 
from, 6065; s'e also Wattles 

— bull’s horn, use by ants. 3726 

— Formosa : « r Sabicu 

— timber, characteristics, 1260 

— tree, gum-producing, 810 ; desert, 

3276 ; Xigerian, 3454 
Academic school of pliilosophy, Plato’s 
teachings, 976 

Academy chalk, shading medium, 1534 
Acanthite, characteristics, 6731 
Accad (Babylonian history), 17 
Acceleration, in physics, 423 
Accelerando, pianoforte rendering, 1891 
Acccndcre (Italian verb), conjugation, 
4792 

Accent, in grammar, 122; in music, 
40, 807 ; in singing, 6340 
Arerntor : see Hedge-sparrow 
Accents, French, J24, 449 

— (ireek, 5375 

— Italian, 2044 

— pianoforte. 1890, 1892 

— .Spanish, 2040; use, 3702 
Acciaccatura, in music, dethied, 271 

— orchestra secuing, 5885, 

— in violin nlaying. 27t0U 
Accidence, defiiiition, scope, 115, 760 
Accident insurance, 4851, 4852 
Accidentals in music, figured bass, 

631 ; transposition, 1058, 5443 

— violin playing, 2313 
Accidents, first aid, 6471 
Accommodation of eye, 2401, 2954, 3178 

— bills, in clerkshipj explained, 1 090 
Accompaniment, pianoforte playing, 

1891 ; practice, 2024 
Ac(‘ordatura of guitar, method, 3760 
Accordion, construction, playing, 4484 
Ac<*orgere (Italian verb), conjugation, 
5081 

Account sales, in bookkeeping, 3679 
Accountancy, dictionary of, 405; see 
also Abbreviations 

— professional training and practice, 

161, 3910, 3020 

Accountant, bank, duties, 4589 ; 
borough Council, salary, 320 ; in 


business house, 660, 978; muni- 
cipal work, 1067, 1069 ; profes- 
sional, examinations and w’ork, 
148, 3020 ; railway company, 4227 ; 
War Office salaries, 3195 ; women, 
321 ; Chartered accountants 

Accounts, consignment, foreign trade, 
3679 

— real and nominal distinguished, 2418 

— shopkeepers’, rendering and paym<‘nt 

reiiuesls, 5927, 6209 
Accroirc (French verb), oonjugutioii, 
4939 

Accumulator, electric, books on, 1298; 
Cost, 4994; FaurO’s, 3086, 3087; 
modern, 8087, 3088 ; Planti^’s, 

3086 ; principles, 3086 ; telegraphic 
use, 5535 

— hydraulic, description, 1080, 1082, 

'5Gr5 ; in presses, 1223 
Accusative case, Es])eranto grammar, 
5373 ; Greek, 6238 ; Latin, syntax, 
444 ; in reported speecli, 1048 
Acer: see Maple 
Acetabulum, hip socket, 1708 
Acetamide, 3536 

Acetanilide, composition, uses, 5469 
Acetic acid, glacial, 5466, 5467 ; pro- 
perties and uses, 3138 
“ ether: see Ethyl acetate 
Acctoiie, properties and uses, 3270, 
5467 ; manufacture, 7*407 
Acetylene, 'I 6829 ; discovery, 77 ; as 
illuminant, 6025 ; preparation, 
2711, 3707,5461, 5758; properties, 
3707 ; synthesis, 2711; vcliicle 
lighting, defects, 3025 

— gas fittings, 6025, 6830 
Aclneans, Dorian invasion, 2858 
Achaunenides, art, 2659 
Achermos, sculptor, work of, 2929 
ArhUlea niUlefolium : see .Millefoil 
Achilles tendon, 17 J 1 
Achreinatite, characters, 6731 
Achroite (tourmaline), 5853, 5850, 6731 
Achtarugdite, 6731 

Acid, in cliemistry, 240, 839 

— salt, in chemistry, definition, 844 
Acids, books on, 6689; electrolysis, 

5753 ; as electrolytes, 3260 ; fatty, 
chemistry of, 3485 ; liydroxy, for- 
mation, 3534 ; mineral and organic 
uses, 5781 ; in ore extraction, 3836 ; 
organic sources and manufacture, 
3704, 4781 ; reagents and tests, 
4410, 441 1 ; in solution, 4407, 4408 

— see also specific and group names — 

e.g., Benzoic, or Fatty Acids 
Acipenser sturis : see Sturgeon, com- 
mon 

Ackermaim axle. 3327, 3328 
Aeraite, characters, 6731 
Aconine, preparation, 4012 
Aconite, 6880; effect on body tem- 
perature, 440; alkaloids, 4012 
Aconitine, 6880 ; ^loisonous nature, 4012 
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Aeon^Aiirr 

Aconiium : see Monkshood 
Acordar (SpaniBh verb), conjugation, 
4366 

Acorn, value as livestock food. 2909 
Acorn-barnacle, description, 3809 
Acoustics, study of, 2064 
Acquired characters, biological defini- 
tion, 485 ; Lamarckian theory; 
653 : problem of transmission, 825, 
Mendel’s experiments, 1481 ; deve- 
lopment by exercise, 1484 ; muti- 
lations not transmissible, 1586 ; in 
mental evolution, 3119 
Acquirements of society transmitted by 
social heredity, 5386 
Acre, Irish, 1147 : in square measure, 
226, 1147 ; Scotch. 1147 
Acredula caudata : see Tit 
Acridine, source of dye, 5468 
Acrobats, noted, 6866 ; salaries, 6868 
Acrogens (botany), defliiition, 51 
Acrolein, formation, 4829 
Acromion process of scapula, 1348, 1349 
Acropolis, Athens, arcliitccture, 2858, 
2859; description. 1525; marble 
of, 3245; Pheidios' influence, 2929 
Act of Settlement (1701), 4950 
Actias Selene, food distribution, 583 
Actinium, element, 1917 ; radio-activ- 
ity, 2029 

Acting, profession, 6863, 6868 
Action, effect of alcohol, 5813 

— in sculpture, 1345 
Actium, battle of, 1672 
Active voice, in English, 608 

Acton, Lord, his hundred best books, 
3783 

Acts of Parliament : see under titleg of 
Acts 

Actuarial tables, construction, 4728 
Actuaries’ textbcioks, 4730 
Actuary, duties, examinations, 4729 
Acute accent, French, 124 ; special 
rules, 449 

Acute-angled triangle, 283, 287 
Adam and Eve, Florentian sculpture, 
3517 

Adam’s apple, in physiology, 1 97 
Adamant, derivation of word, 1375 

— flags for footpatlis, 2430 

— slabs, composition, 2428 
Adamite, characters, 6731 

Adams, John, President U.S.A., 5973 
Adams, Professor H., invention of 
locomotive funnel, 520 
Adanison flanged scam, 3107 
— ' flue, attachment to end-plate, 3105, 
3106 

— seam in boiler furnaces, 3097, 3101, 

3102, 3107 

Adaptation of animals to environment, 
1492 

Adder, description, 2680, 2681 
Adder’s tongue, 1117, 1118 
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monograpn, 26 «< 

Addition, algebra, 1819, 1820 

— arithmetic, 90 ; compound, 228 ; 

of decimals, 93, 885 ; of fractions, 
547 ; “ tots,” 2473 
Address book, clerkship, use, 776 

— correspondence forms, 6353 
Adductor longus and magnus, human 

muscles, 1350, 1351 
Addurre (Italian verb), conjugation, 
6081 

Adelaide, S. Australia, 3899 
Aden, British possession, 2817 
Adenoids, treatment, 6132 
Adhesion, compared with cohesion, 
1374 

Adhesives, manufacture, 5357, 6558 
Adiabatic line in gas-pressure diagram, 
explained, 1806 
Adige (Etach), course, 1838 
Adipose tissue, 196, 437 
Adits, in mining, use, 3192 
Adjective (English), 116; adverbial 
formation, 1184; participial, 756; 
quality, quantity, position, 445 

— (Esperanto), 4656, 5231 ; participial, 

6237, 6380 ; position, use, 4799, 5516 


Adjective (French), position, agree- 
ment, and comparison, 1339, 5651, 
5652 ; complement, 5653 ; demon- 
strative and prwsessive, 1475 ; 
gender rules, 1052; indefinite, 
1876 ; numeral, 1610 

— (German), agreement, rule, 1055; 

attributive, 1774; case govern- 
ment, 3031 ; comparison, 3062, 
3213 

— (Greek), comparison, 5951 ; declen- 

sion, 5518, 5656 

— (Italian), 2631,2770; comparison, 

3058, 3059; numerical, 2019 ; modi- 
fication, 3209 

— (Latin), comparison, 443 ; declen- 

sion, 119, 242, 442, 601 

— (Spanish), 2481 ; comparison, 2628 ; 

possessive, 3056 

Adjusters (marine insurance), 4854 
Adjustment account, 2982 
Adjutant : see Stork 
Admiral, promotion and pay, 4402 
Admiralty appointments, 3195 
” Adoration of the Lamb ” (H. and J. 

Van Eyck), 394(i, 3948 
Adquirir (Spanish verb), conjugation, 
4367 

Adrian I. (Pope) and Charlemagne, 2915 
Adrianople, 2167 ; 'rreaty of. 6448 
Ad ul aria, characters, 6731 
Adulteration, of condiments, 4720 

— of foods and beverages, 3716 

— public analyst’s duties, 82 
Adventitia of arteries and veins, 953, 

955 

Adverbial numerals, Latin, 601 

— phrases, Spanish, 4942 
Adverbs, English, 116, 1184, 4218 

— Esperanto. 4799. 5516, 5805, 6381 ; 

French, i34o, 5082, 6088 ; (Jerman, 
3213,1479; Greek, 5951; Italian, 
4938, 5080 ; Latin comparison, 

443; Spanish, 4940, comparison, 
4941 

Advertisements, qualities, writing, 0858, 
6860, 6862 

Advertising, 6857-6801 ; importance of , 
45, 2755 ; jobbing compositor’s 
work, 5871 ; by shopkeepers, 59:U), 
6861 ; wholesalers’, 6209 

— agency, working, 6857 

Adze, form and use, 3386, 4150, 4151 
ARcidiospore wheat, germination, 1669 
jEdelforsite, clmracters, 6731 
-Egean Islands, Pha'iiician colonics, 
501 ; Actitean invasion, 2858 
.EgjTite, characters, 6731 
.Eneid,” of Vergil, 755 ; Caxton’s 
version, 3605 ; first English trans- 
lation, 328 ; Surrey’s version, :128 
-Epyoniithidse, eggs, 2214 
Aerated waters, dietetic value, 3379 ; 
manufacture, preparation, 0391- 


Aeroplanes, in Bartxm’s airship, 2279; 

experiments w'ith, 2280 
^scliylus, Greek dramatist, 774 ; 

killed by vulture, 2493 
AEschyrite, characters, 6731 
.Flsophagus, human. 2144 
Aesthetics, art and human progress, 
180; importance of training in, 
1945 

Afferent nerves, human, 1943; in 
spinal cord, 2143 ; see also 
Sensory nerves 

Affinity, chemical, theory, 59; anti- 
quated, 238 

— in natural liistory, 136 
Affixes, Esperanto, 4656 

Affiigere (Italian verb), conjugation, 
5081 

Afforestation : see Forestry 

Afgiian wars, 6690 ; Kaye’s history, 2618 

Afghanistan, etymology, 1790 

— geography, 2715, 2817 

Africa, coalfields, 5305 ; cotton manu- 
facture, 383, 385, 3SG ; craniology, 
1786 ; etymology, 1789 ; fauna, 
628, 3277 ; forest trees. 626 ; geo- 
graphy, 3275, 3276 ; islands, 3587 ; 


petroleum deposits, 5305 ; size, 
460, 850 ; vegetation, 627 
Africa, Cientral geography, 3582 

— i'Tortii, geography, 3450 

— South : ree South Africa 

— Southeni, geography, 3584; ses 

also Soutli Africa 

— West, geograpliy, 3452 
Africans, as labourers, 6630 
After-damp, defined, 1158 
After-image, in Physics, 3227 
After-mizzen-mast, of sliip, 5399 
Agaponiis : see Love-bird 
Agaricus melleus : see Tinder fungus 
Agassiz, Jean L. R., author, 3781 
Agate, 767, 5852, 6731 

— glass, manufacture, 4930 

— ware, example, 5383 
Agatliarclios, Greek artist, art, 2931 
Agatsch, measure, 410 

Age, ill-health of, 5700; mortality, 
comparative statistics, 2794 

— Chinese periods, 5700 

Agelaldes, Greek sculptor and teacher, 
2929 

Agencies district, 6208 
Agency, law of, 6844 

— account, bank bookkeeping, 4438 

— commission and order bwiks, use, 776 
Agent, manufacturers’, 659; powers, 

6844 

— in telepathy, definition, 3662 
Ages, of human life, dangerous periods, 

4530 ; the seven periods, 5700 
Agesandros, I/aocoon group, 2930 
” Aggregate,” in concrete, 332 

— mortar, tireparation, qualities, 1952 
Agincourt, oattle of, 3463 ; battlefield. 

1682 

Aglaitc, cliaracters, 6731 
Agnesite, characters, 6731 
Agnosticism, a form of scepticism, 6257 
Agra and Oudii Provinces, products, 
5380 

Agrarian laws, Roman, early reform 
attempts, 1138 ; Spurius Cassius, 
1202 ; Gracchi, 1382 
Agreement in business, defined, 658 
Agricola, Julius, in Britain, 1940 ; in- 
vasion of Caledonia, 2607 ; recalled 
to Rome, 2068 
Agrirolite, characters, 6731 
Agricultural class, statistics, 2796 

— implements (ploughing and harrow- 

ing), 1230, 1231, 1232 ; dealing, 
889 ; renewal T>arts, 889 

— macliiner>% 24, 1840 

— manures, 433, 589 

— products of the world, 4873 
Agriculture, ancient, 21 ; in Australia, 

32:J5 ; Belgian, 1853 ; bibliograpiiy, 
3470; in Canada, 3203; certial cmiI- 
tlvation, 1229—1233 ; i 
2974 ; cultivation of tlie 
589; dairy-farming: se 


forage crops, 1197 ; French, 1681 ; 
grain crops, 872, 873 ; grasses, 874, 
881 ; harvesting the crops, 1002 ; 
liay, 1628 ; Indian, 2820; Italian, 
2230; Japanese, 3159; meadow 
land, 1378 ; Mexican methods, 
4176 ; modern problems (economic) 

' 3, (commercinl) 769 ; motor tratfle, 

effect, 1155; New Zealand, 3466, 
3002; pests, fungous and insect, 
1666, 1667, 1668, (beetle), 3512, 
3513; root crops, 942, 943, 944, 
945 ; Russia, 2408 ; Poland, 2408 ; 
seeds and sowing, 635 ; in Sweden, 
1561,1.562; in Switzerland, 1839 ; 
Ttismania, 3468, 3469 ; United 
Kingdom, 086; weeds, 882, 883; 
(eradication), 1377 
Agrigentum, Greek remains, 2859 
Agrimony, seed-dispersal, 911, 912 
Agrippina, wife of Emperor Claudius, 
career, 1937 

Ague, becoming extinct in England, 
5410 

Aguilarite, characters, 6731 
Aigrette, in millinery, misuse, 5506; 
cleaning, 6040 
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Aigues mortes (post), change of 
position, 4518 
Aikinitc, characters, 6731 
Ailanthus, silk, 1247 
Ailments: Disease 

Ainos (Japan), etymology, 1780 
Air, agent in changing earth’s surface, 
1499, 1501, 3718 ; analysis of Lon- 
don, 3801 ; chemistry of early, 60 ; 
carbonic acid in, 1159 ; compressed 
(in mechanical engineering), 1806 ; 
(in factory power) 5590; (other 
uses) 5356 ; compression, 5355 ; 
constituents, 3718; dielectric 
capacity, 3580; diseases carried 
by, 5410; filtration, 4019 ; friction 
in physics, 425 ; in Greek physics, 
34 ; furnace heating, 4126 ; 
ground, impurity and movement, 
5273; hot, power use, 5414; 
humidity, 1899; hygiene of, 3718; 
impure, effects, 3801 ; impurities 
(inorganic), 8798 ; (organic), 3720 ; 
liquid, power transmission by, 5356; 
in mechanical engineering, 1801: 
gfr also Hydrostatics ; mine supply, 
3310; ozonisation, 5760 ; medium 
of sound, 2101 ; pneumatic power 
transmission, 5355 ; pressure, laws 
of, 1801, 1806, 63o6; gee aho 
Air, compressed ; properties, 3718, 
3719; purifying agents, 3799; 
purity, standaraT and test, 3801 ; 
radio-activity, 2029 ; in respiration, 
1301; specific gra^^ty, 799, 3718 ; 
temperature and pressure, meteoro- 
k>gical effects, 294 ; iu Ther- 
mometers, 1566 ; transit of, general 
survey and maximum speed, 2279: 
#<*c also Balloons, Aeroplane ; 
water- vapour measurement, 6131 
Air-bag in drains, 782, 783 
Air-breathers, tracheal a, 3361 
Alr-brnsh, photograpliic, 4419 
AiT-ccll,of lungs, anatomy, 1299, 1300 
Air-compressor, 1823, 1824 
Air-cusliion, of air-hoist, 1805 , 1808 
— manufacture, 809 
Air-furnace, in smithy, 3107 
Alr-furuaces, use of term, 2864 
Air-gas, 6818, 6824 : as iltiiminant, 6153 
Alr-goc^s, manufacture?, 809 
Air-heater, in brickmakiug, 1282, 1283 
Aif-hoist, 1305, 1807 
Air-inlet, In drainage, 780 
Air-motors, construction, 5012 
Air-plant: see Bpiphyte 
Air-pump, 1081, 1143; In drainage 
testing, 783 ; engine, drawing, 4201, 
4202, 4203 ; lever, 828 ; mercurial, 
invention, 2612; rod, 208 
Air-ships, kinds, 3981, 3984 
Air-space, allowance, 3802 
A IT- test for drain pipes, 783 
Air-tubes, of insects, 3362 
Air-vessel, of pump, 1082, 6061, 6062 
Air-way, iu mining, 3560 
Aire, river, 984, 1272 
Aix-la-(3iapelle, cathedral, 3233 
Akassa (port), bar at, 3453 
Akkas (African tribe), craniology, 1786 ; 
stature, 1786 

Alabama (state), geography, 4172, 
4174 

Alabama (steamer), disjiute, 0976 
Alabandite, characters, 6731 
Alabaster, varieties, colours, uses, 1169, 
1721, 6731 ; gee also Calcium sul- 
j)hate 

— glass, 4533 ; manufacture, 4930 
Alarcon P. A. dc (extract from his 
“ Diario ‘’), 3208 : biography, 3209 
Alaric invades (ircece, 2948 
Alarm system, tolepiionic, 6080 
Alaska, X. America, 4175 
Alaskiiite, characters, 67:{1 
Albany, town (W. Australia), 3839, 
3900 

Albatross, classillcalion, 2214; food, 
2493 

Albeit, derivation, 13:17 
Albert, Prince Consort, 6600, 6692 
Albert Bdward X'yanza, Jake, 3275, 
3^50 

Albert Nile, course, 3450 
Albert Nyanza, lake, 3275, 3450 
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Alberta (province, Canada), agricul- 
ture, 3206 ; gec^riiphy, 3203, 4066 
Alberti, architect, 3675 
Albino, colour of iris of eye, 2401 
Albite (mineral), 768, 6731 
Albumin, chemistry of, 4134 ; clarifying 
gelatin, 5359 ; in cocoa and coffee, 
3378; milk (influence in cheese), 
4492 ; pre<^itatioii, 4035 ; of seeds 
(plants), 3i>0 ; in standard diet , 
3380; taimic acid precipitation, 
3823 ; in tea, 3378 ; in textile 
printing, 4501 ; in whey, 4573 
Albuminoid, ratio in food, 270;t 
Albuminoids, animal cells, 276; in 
human bodies, 438; in livestocik 
feeding, 2703, 2705, 2706 ; relation 
to protoplasm, 135 
Albuminous seeds of plants, 350 
Alcanzar (Spanish verb), conjugation, 
4078 

Aired in fdfr : see Kingflslier 
Alchemists, views on metal, 240 
Alchemy, compared with modern 
science, 487: and future and present 
science, 1448 ; history of, 59 ; the 
new, 1448 
Jlcidtr : see Auk 

Alcohol, abolition, vlfcct of, 5815; 
abuse, 2796; absolute, gravity, 
iimimlacture, uses,i^>.l-/,1035, 2880 ; 
action on living tissue, 3017 ; action 
on physi«iue, 5674 ; atfiiiity lor 
nervous tissue, 3019; antiseptic, 
3016 ; ehemieal nature, 3111, 5671 ; 
cost to state, French estimate, 
5673; dietetic value, 3019. 3:il4, 
3377 ; disease eausution, 5813 ; dis- 
tilling, 1034 ; cause of dropsy. 5842 ; 
ctfeet on body temperature, 440, 
142:1,3018: effect on blood, 5671 ; 
effect on brain (physiol.), 2300 ; 
effect j»i’ excess in human bi»dy, 
807; effect on germ-plasm, 3017, 
6674 ; effect on nerves, 1943, 3019 ; 
etf<8’t on voice, 2539 ; effect on will 
and action, 5813 ; effect on work, 
6814 ; in essential oils, detection, 
4972 : evaporation, 1742 ; as fever 
remedy, 3019; as food preserva- 
tive, 3820 ; foc»d value, 3019, 3314, 
3377 ; liquor trade and revenue, 
6673 ; from maize, 4874 ; manu- 
facture, 1034-1035 ; medical mani- 
festo, 5816 ; medicine, 3016 ; 
mortality, 5673 ; native races, 
destruction, 5672 ; comi)ared with 
opium, 5672 ; oxidation, 3018 ; 
in perfumes, 4972 ; pliariiiacoiogy 
of, 3018 ; physical aspects, 5671, 
5812; a poison, 3019; as power 
producer, 5128 ; as preservative, 
3016, :J820; problems; see Aleo- 
iiolisni and Drink probleiii.s ; pro- 
ducts, 3270; properties, 2877 ; pro- 
toplasm ])ois<)u, 3017 ; reactions, 
3020; scientific view.s, 3018, 5671 ; 
g<icial urgaiiiHiu, effect on, 5670; 
specific gravity, 799, 1078 ; as 
stimulant, 4009, 5671 ; Hynthesis, 
Berthelot, 2711; tests, 3019; in 
tlierinometers, 1566; and tuber- 
culosis, 5673; use, reasons for, 5672; 
volatility, 1741 ; water dilution, 
2880 ; wonieirs use, 5673 ; see also 
Spirits and Methylated spirit. 
AlcohoJj.sm, b(M>k8 on, 5671, 5672, 5674 

— chronic, effects, 5813 ; and social 

diseases, 6814; causes, 5814; 
cause of crime, 5815 

— destructive effects, 5812 

— heredity problem, 651, 1588, 2662 

— inimunity from, 6784 

— psychological account, 2903 
Alcoholometer, form of hydrometer, 799 
Alcohols, chemical characters, 2877 ; 

distillation, 1034; formulie, 3020 ; 
preparation, 2877 

— diliyuric, 3142 

— monoliydric, 3142 

— tetrahydric, graphic formula, 3487 

— trihydric, 3271, 3273 

Aldeliyde, formula, 3020 ; properties 
and fireparation, 3021 ; relation to 
aketone, 3270 

Aldehydrols, diliydric alcohols, 3142 
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Alder, 6880 ; classification, 355 ; soil re- 
quired, 4604 ; as timber, 1260-1261 
Alderney, Channel Islands, 1367 ; 
history, 2611 

“ Aldobrandiiii Marriage," fresco, 2933 
Ale, alcohol percentage, 1035 
— water for, composition, 6059 
Aleet jrides : gee Bustard 
Alemanni, tribe, distribution, 2242 
Alen, Danish measure, 409 
Ales, fining " by publican, 3737 
" Alexandro del Borro," picture by 
Velasquez, 182 

AlethCs (Greek adjective), 5519 
Aletschorn glacier, 461 
Aleutian Islands, oceanography, 554 
Alexander the Great, invasion of India, 
417 ; conquest of Egypt, 421 ; 
battle of Chieronea, 775 ; life, 972 ; 
J..ysippiis’ statues, 2929 
Al(?xander 1., IJ. and 111., of Itussia, 
reigns, 630l 

Alexander III. of Scotland, Isle of Man 
ceded to, 2610; pays homage to 
Edward 1., 3074 

Alexander Severus, Itoman emperor, 
rule, 2071 

" Alexander’s Feast," (Dryden), 993 
Alexandria, Alexander founds, 972 ; 
C'tT*,sar campaigns, 1515; Arabian 
siege, 2353 ; bombardment, 6893 
Alexandrine metre, 538 
Alexandrite, 5853, 5855, 67:il 
Alfalfa, forage crop, 881 . 882, 1197, 1629, 
2904 ; climatic conditions and 
cultivation, 4962 

Alfonso Henriquez, King of Portugal, 
defeats Arabs, 2946 
Alfred the (treat, 2355 ; and wool 
trade, 69 ; creation of British 
navy, 146; as a writer, 1608; 
and Oxford ITniversity, 3073 
Aluce, groups and eharacteristics, 165, 
1368 

Algarobilla, in leather tanning, 5780 
Algebra, binomial theorem, 4046; 
books on, 6790; brackets, 1993; 
(•ombinations, 4045; expressions, 
2149; factors, 2747, 2S90; frac- 
tions, 3026, 3198; indices, 3412; 
remainder theorem, 2890; substi- 
tutions, 1818; surds, 3521 ; varia- 
tion, 3096 

Algeria, g(?ography of, 3279; trade, 
5822, 5824 

Algerite, characters, 6731 
Alhambra, Granada, 1133, 2234 ; foun- 
dation, 2946 ; architecture, 3091 
All, stepson of Maljoinot, caliphate, 235:1 
Alidade, surveying instrument, 71 o 
Aliens, naturalised, admission to Civil 
Service (U.K.), 2249 
Alignment, of shafts, etc., testing, 3964 
Alimentary canal, structure, 756 
Alioiu*. layette set, 3745, 3746 
Aliphatic? compounds, in essential oils, 
4968 

Aliquot parts, defined, 886 
Ali.sma : gee vVater plantain. 

Alizarin, artificial dye, 5953 ; in cloth, 
test, 5599; dyes, 5468, 5953, 5956; 
as madder substitute, 5906; syn- 
thesis, 5908 ; in textile printing, 
4502; yellow, pigment, 871 
Alkali, in digestive process, 675 ; re- 
fined. manufacture, 4771 ; in rice- 
starcli manufacture, 5364 ; in soaj), 
;J485 ; waste, sulphur recovery, 
462.5 

Alkali Works Act, hydrochloric acid 
in air, 4634 

Alkalies, effect on nerves, 1943; as 
elecjtrolytes, 3260 ; manufacture, 
4770-4782 

Alkaline earths, in chemistry, 843 
Alkalinity of blood and katabolism, 
3016 

Alkaloidal suits, formation, 3825; 

antagonistic isomers, 4013 
Alkaloids, animal, 3826 ; in beverages, 
3378 ; cheinistry of. 1600, 3824; 
poisoning by, 3826 ; spelling rule, 
3825; vegetable, properties, use, 
abuse, 4006; gee also pariicala* 
atkaUnds —e.g., A tropino 
Alkoran : gee Koran 



Alky— Amph 

Alkyls, preparation of ethers, 3138 
Allactite, characters, 6731 
Allah, in Mohammedan creed, 2243 
AllcKories, early English, 2962. 2063 
** Allegory of Spring,” picture by Botti- 
celli, 3793, :i794 
“ Allegro” (Milton), 991, 995 
Aliemontitci, characters, 6731 
Aller (French verb), conjugation and 
idiomatic uses, 4507 

— river, Germany, 1976 
Allier, river, France, 1684 
Alligator, description, 2798 

— leather, grain, plate fa-ing 3217 
Alliugham, William, Irish poet, 143S 
Allium, garden culture, 6490 
Allotment of shares, 3186 
Allotments and small holdings, agri- 
cultural, English and Continental, 
24, 26 

Allotropy, in chemistry, 1046 
Alloying, effects on metals, 3939 
Alloys, metallic, 3939, 5523 ; com- 

pounds or mixtures, 1722 ; electric 
resistance, 072 ; formation by com- 
pression, 3837 ; fusible, 360 : eee 
also Fusible metals; furnaces for 
melting, 2862-7 ; liquid state, 3939 ; 
mould-making precautions, 2698 ; 
preparation, 3930, 5523 ; pro- 
perties, 3939; remelting, purpose 
of, 2547 ; strengths, 1396 
Allspice: ««« Pimento 
Alludere (Italian verb), conjugation, 
4792 

Alluvial deposits, formation, 844 ; in 
mining, 2605, 2666 ; table of, 535 

— soil, deposited by rivers, 1634 

in foundation, 332 

Alluvium, formation, 255 
Allyl, in turpentine, 5466 

Ally! isothiocyanate, formation and 
preparation, 4721 

Almandine (garnet), 5853, 5855, 6731 
Almandite, characters, 6731 
Almond oil, in sculpture, bronze colonr- 
ing, 1676; source, properties, 4831 

— rock, in mining : see Banket 
Almonds, 6880 

— bitter, oil of, formula, 3710 ; pro- 

duction and substitutes, 5468 
Ainas: Alder 

Aloes, 6880; medicinal use, 4013 
Aloiii, principle of aloes, 3825, 4013 
Alopecurus praUnsis : see Meadow fox- 
tail 

Alpaca goat, source of wool, 220 

— W'ool, 70, 72 ; warp of, 2594 
Alpha particles of raaiuin, 1916, 1917, 

2028 ; size, 2029 ; heat produc- 
tion, 2393 

Alphabet, Babylonian, 17 ; English, 
121 ; Esperanto, 4511 ; French, 
123; German, 249; Greek, 6374; 
Italian, 2043; Latin, 118; Phoeni- 
cians and. 501 ; shorthand, 48 ; 
Spanish, 2040 

Alps, European, 1836 ; bird’s-eye view 
from, 1836; Hannibal crosses, 
1204; limestone formation, 1815; 
strata inverted, 1923 
Alsace, Gorman province, relation to 
llhine and annexation, 1975 

— and Lorraine, tours in, 393 
Alsike, grass, 941 : seed statistics, 

877, 940 

Alslng cylinder In pottery manufacture, 
6236, 5336 

Alstonlte, characters, 6731 
Altai mountains, Mongolia, 2562, 2977 
Alterations in tailoring, 3014, 3015 
Altornanthera, culture, 6320, 0491 
Alternating current : see Current, 
alternating 

Alternation of generations (bioL), 
882; in ferns, mosses, etc., 1311 ; 
in jeUy-flsh, 4086 

Alternator, electric, sizes and types, 
2367, 2368; phase coils, 1363; 
power-factor, 2363 ; windings, 
three - phase connections and 
groupings, 1907, 2908 
Afthcea : see Hollyhock 
Altitude, balloon observations, 8982; 
determination, 6245 ; influence on 
temperature, 4494; of the sun, 1010 


Alto clarionet : see Basset horn 

— clef, in musical notation, 1059, 

1060 

— part, in harmony, 364 

— in singing, characteristics and com- 

pass, 6050, 6051 

Altruism, ethical and sociological value, 
4278 ; in nature, 4l3:j 
Alum, definition, properties, and uses, 
1721,4780,4781,5993,0880; in 
washing, 2912 ; natural sources, 
4780 ; use by dyer, 5779 

— chrome : ses Chrome alum 

— T*otash, composition, 4780, 5989 

— tannage, 3163, 3164 

Alumen, ancient use, source and kinds, 
4780 

Alumina, chemistry, occurrence, etc., 
1043, 3941 ; in cement manufac- 
ture, 1857; ill clays, 3942; ex- 
traction priM'esses, 4780; in llre- 
bricks, 1285 ; for metallurgical 
furnaces, 232, 359, 3941, 3942 
Aluminium, 359, 1042, 4300, 5756, 
59HH ; alloys, Cowles’ process, 
6989 ; alloys, production, 5992 ; 
annealing and welding, 5991 ; 
books on, 5993 ; east, show'iiig 
dendrites, 3939 ; plate preceding 
3937 1 easting, 2699, 3991; cast- 
ing, shrinkage, 2342; chemistry of, 
517, 1042; for rooking utensils, 
1043; cost compared with other 
metals, .5990; crucible furnace, 
2862 ; electric conductivity, 38:19 ; 
ebctric resistance, 672 ; electricity 
in production, 3032, 57.56', 69H9 ; 
extraction, 4:i06, 5760, 6989 ; 

impurities, 5990 ; in eartli’s crust, 
239, 624 ; in machinery, 209 ; 
iiictallurgicul uses, 5992: occur- 
rence, 4306, 5308, 5988, 5990; 
properties, 3837, 3838, 4306, 5990 ; 
reagent and test, 4409 : reduction, 
electrolytic, 5989 ; salts, uses, 
.5993; soldering, 5991, 6460; 

Specific gravity, 799, 3830, 5990; 
in steel manufacture, 4748, 5015, 
6902 ; sources, 5308, 5988 ; 

strength, 1396 : strength, com- 
parison with other metals, 5991 ; 
symbol and atomic weight, 517; 
uses, 599:y: w’eight compared with 
other metals, 5990 ; acetate, uses, 
4781 ; brass, composition, 3940, 
6992, 6310 ; bronze, properties and 
uses, 360, 1043, 5902, 6309 ; hy- 
droxide, precipitate, 4405 ; oxide, 
768; salts, use by dyer, 5779; 
silicate, in clay, 1279; sulphate, 
manufacture, 4780, 4782 ; pro- 
perties and uses, 4781, 5993 ; 
purillcatioii, 4781 

Aluminoferric, uses, 4781, 5764, 5760 
Aluminography (lithography), 6635, 6638 
Alumiiiothermy, 0456 
Aluminum ; see Aluminium 
Alumstone : see Alunite 
Alundum wheel in glass-cutting, 4932 
Alunite in alum manufacture, 4780; 
characters, 67:11 

Alva, Duke of, share in French religious 
civil war, 4102 ; rule in Nether- 
lands, 4398 

Alva, upholsterer’s material, 0716, 6718 
Alveoli, air-cells, anatomy, 2299, 2301 
Alytes : see Toad 

Amalekltes, under Hebrew rule, 666 
Amalgam, contrasted with alloy, 1722; 
defined, 3939; filtering bag, 5847, 
6849 ; retorts, 5847, 5849 ; tooth- 
fllUng material, 5553 
Amalgamation in gold and silver ex- 
traction, 4303, 4304, 5847, 6849 
Amanuensis, duties, 6480 
AmaryUidaccB : see Snowdrop order 
Amazon, river, course, products and 
towns on, 4282, 4284 
Ambassador, British, salary, 2035 
Amber, 1034, 5856,6731, 6880 ; density, 
1704, 6856; hardness, 5856 ; sources, 
10,34, 5147, 5856; use in varnish, 
1034, 5147, 6835 
Ambergris, 4971, 5121, 6880 
Ambidexterity, effect on physique, 
4387 
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Ambition, social conditions fostering, 
4370 

Amblygonite, characters, 6731 
Amenfales : see Catkin-bearing group 
America, aborigines (ethnology', 17894, 
colonisation by Epropeans, 3606, 
.5844 ; cotton industry statistics. 
225, 383, 384, 390; craiiiological 
measurements, 1786; di-^covery by 
(.'olumbus, 3600 ; electricity de- 
velopment, 131 ; engineering pro- 
gress, 5594; fossil horSes, 1177; 
literature, 3780; Nortli : see North 
America ; railw’ay construction, 
3434 : South : se£ South America : 
touring directions, 1648; tramway 
enterprise, 2274 

— see also Central America, Mexico, 

North America, South America, 
and rii'ted States 

American asli in vehicle construction, 
2827 

— cedar : see Bed cedar 

— cloth, manufacture, 1106; use, 0716 

— Indians : see Indians, American 

— oak, use in vehicle construction, 2827 
Amethyst, precious stone, 767 ; charac- 
teristics, 5852, 5853, 6731 

— imitation, 5852 

— Oriental (violet sapphire), 5855 ; 

see also Sapphire 
Araia : see Bow^-iln 
Amianthus, mineral, 812 
Amides, ammonia romi)Ound.s, 1721, 
3536 

Amido acids, characters, 3536, 4134 
Amido-azo benzene, composition, 5468 
Amidol, formula for, 0083 
Amiens Cathedral, 3374 

— treaty of, 5238 
Amine, formula, 1721 

— compounds, 3141, 1721 

Amines, primary prcslucts of coal-tar, 
5953 

Ammeter, 29l ; calibration, 790; 

use in testing, 3967 
Ammonia, amount in air, 3720; 
chemistry of, 1599, 1600; com- 

S ounds, place in economy of 
ature, 277 ; derivatives, 1721 ; in 
dyeing, 5781; gaseous, 60, 1599 ; 
gaseous in refrigerating luacluiies, 
5404, 5406 ; laundry use, 2477 ; 
liquefied, in shaft sinking, 3460; 
liquefied, use and preparation, 4775 ; 
as plant-food, 276 ; plant produc- 
tion, 1599; preparation, 1599; 
properties, 1599 ; reaction on living 
matter, 1600; recovery in Solvay 
process, 4772 ; relation to alkaloids, 
1000 ; solution, 1599; sources, 
1599, 4774; stimulative uses, 1509 
— muriate of : see Ammonium chloride 
Ammonia-soda process, in alkali manu- 
facture, 4771, 4772, 4773 
Ammonites, compared structurally with 
sea-urchins, 1179 

Ammonium, chemistry of, 1599, 1722 
— amalgam properties, 1599 
— carbonate, in dyeing, 5781 ; forma- 
tion, 1599, 4776; yielding urea 
after healing, 3703 

— chloride, bronze colouring, 1676 ; 

manufacture, 1037, 4776 
— cyanide, synthesis, 3538 
— fluoride, etching glass, 4932 
— salts, nitrogen estimation, 5588 
— sulphate, as manure, 589 ; use aod 
manufacture, 4776, 4776, 6150 
Ammunition manufacture, 6616, 6757- 
6765 

Amoeba, 278, 4087, 4088 ; asslmilatl^ 
199 ; movement, 200, 954 
Amorphous, in chemistry, deflnitioiu 
1046 

Amoy tea and coolies, 2976 
Ampelopsis Veif-chii, 353, 605, 63i0, 
6317 ; see eUso Virginia Creeper 
Ampere, electrical unit, 291, 67« ; 

British standard, 789 
Amperemeter : see Ammeter 
Amphibia, characteristics, 29, 30, 2166. 
2799, 2800, 2801, 2802 ; economic 
uses, 2802 ; extinct and living, 2700; 
tailed and tailless, 2799 
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Amuhictyonic council, 775 
AiHphhxns : see I^ncelet 
Ainphiprostyle, temple style, 285ft 
Amplitude, in navigation, 6661, 0665 
Ampulla : s^e Starfish 
Amrad, gum from, 810 
Amsterdam, canal, end-lock type, 
5486; diamond cutting, 18:16; 
nmnufactures, 1836 ; touring, 858 
Amusement for children, problems, 641 
Amusements, business side of, 6866 
Amygdalin, decomposition, 381 8; source 
of oil of bitter almonds. 5468 
Amyl acetate, pear essence, 546ft 

— alcohol, preparation and properties, 

2877, 3020 

— jiitrite, properties, 1719 

— salicylate, in perfumery, 4071 

— valerate, apple oil, 5460 
Amylopsin, pancreas ferment, action, 

675 : action on starch, 3706 
Amyntas II., King of Macedonia, 774 
“ Anabasis,” Xenophon ‘s, 774, 6384 
Anabolism in human body, 2661 ; of 
living tissue, 437 ; in women, 4827 ; 
of vegetable kingdom, 3110 
Anirinia, cause, 866, 3800 ; red 

corpuscles present in, 953 ; causes, 
symptoms, and remedy, 6037 
Anaerobes, bacteria, 4742, 6438, 6440 
Anaglypta wall covering, 5828, 5830 
Anahiiac plateau, Mexico, 4175, 4176 
Analc^y, in animal structures, 370, 1402 

— argument from, value in science, 3230 

— in biology, 379 

Analysis, in bookkeeping, 226ft ; in 
petty cash, 2202 ; of expenses, 2755 

— ebemieal : see (’hemieal analysis 

— Knglish grammar, 760 ; complex sen- 

tences, 1618 

— in piafiofdrte study, 2025, 2020 

— in psychology, 2s0;J 

Analyst, public, duties, etc, 82, 320, 
786; openings in colonies, 3743 
Analytic languages explained, 117 
Analytical chemistry, defined, 237 ; $ee 
ittso Chemical analysis 
Ananas, sugar cane pest, 3654 
Anapaest, definition, 30.5, 328 ; prosody, 
1706 

Ananassa satira : see Pineapple 
Anaphora, grammar, 1616 
Anarchy, the social ideal, 5245 

— of T'nited States, 5534 
Anasfaacu hieroehuntiea : see Ho.ses of 

.Tericho 

Anatidic : see Ducks 

Anatomy, definition and scope, 138 

— of man, 97 ; bones, 1708-//'n!> ; book 

on, 5422; joints, 1709, 1710 ; loco- 
motor .system, 1797 ; musele.s, 
7/70; nervous system, 1941; 
sniiial cord and brain, 2747; 
skeleton for modelling, 1347, 
j.'US ; skeleton, 1003 ; the skin, 
1419 ; tissues, 196, 4:15 
Anato?ny of Melancholy ” (Burton), 
1642 

Anbury : see Finger and toe disease 
Aiicastcr stone, 533, 1518 
Ancestor Morsliip, 216, 6772 ; effect on 
family life, 4665; in Egypt, 419 
Anchor plate, in structural ironwork, 
5791, 5793 

Aiiclmr smiths, employment conditions, 
2644 

Anchors, fitting apparatus, 5024; in 
launching shii>s, 5924 
Anchovy, fishing grounds, 5121 ; shoal 
movements, 5188 

— since, re<*ii>e, 2004 

“Ancient Mariner” (C'oleridge), 1307 
Ancona fowl, 5090 

Anconeus, human nnisele, 1350, 1351 
Andalusia, Spanish province, 2232, 
2234 ; map of proilnets, 2234 
Andalusians (fowls), points of href‘d, 
4955 

Andalnsite, characters, 6732 
Andaman Islands, rraniologv, 1785, 
1786 

Andaman redwo-id, 6880 
Andr^, mountains, 4282; influence of 
slope on rivers, 4495 
Andes te, mineral, 1009, 67.32 
Andradite, characters, 6732 


Andre, Major-t^eneral J., trial and 
hanging, 5846 

Anemometers, eonstriictioii, 0131 
Anemone, sea, 4083 ; plate fac ni 4081 

— in woods, 504; garden culture, 

6400 

A nergates : see Ant 

Aneroid barometer, 592 ; use in .sur- 
veying, 1 59, 592 : see also Baro- 
meter 

Aneurism, detection by Rontgeii rays, 
4093 

— disease, cause and symptoms, 6036 
Angel, in Assyrian architecture, 2658 
Angelico, Fra: see Fra Angelico 

A ngelo, Michael (w'orksin Rome), 948; 

statue of David, 1345 
Angina v'^etoris, psyidiological symp- 
toms, 2696 ; seat of siiasm, 957 ; 
symptoms, 6039 

Angiosperms (definition), 165; sub- 
divisions, 350 

— geological period, 1110 

Angle, in geometry, bisection, triseetion, 
and other problems, 472, 4331 ; 
complement, 285, 2S'0, 6665 ; de- 
finitions, 285. 2S0, 4207, 4208 ; 

alternate, exterior, and interior, 
4477 ; formed by parallel lines, 
4477; in a segment, 5043; sup- 
)»lement. 285, 200, 6665 

— of circle, 5044 

— critical, in light, 2734 

— of crystals, measuring, 766 

— friction, 959, 3813 

— of incidence in light, 2734 

— of intersection, In railway surveying, 

801 

— in navigation, 0005 

— of rejiose : see Angle of Friction 

— of rotation, defined, 4554 

— in traversing, 367; positive and 

negative, 711 ; surveying by ver- 
tical angles, 711 ; measured by 
sextant, 1016; in marine survey- 
ing, 1018 

— in trigonometry, compound, 6499; 

measurement, 6085; ratios, 6231, 
637:1, 6499 ; terminology, 6086 
Angle-bevelling machine, 3107 
Angle-hoard use, 3386 
Angle-brace of hipped roof in carpentry, 
4253, 4254 

Angle-bricks (mitred), /94S, 1949 
Angle-irons in building. 3107 ; in 
rhimney con.struction, 2388, 2309 ; 
furnace and shears, 3107 

— smith.s fiiiietion, 3090, 3097 
Angle-})late, in cutting prtK*esses, :1322 
Ancle-seetiou, in plating shop, 3090 
Angler-lish, its hire, 3060, 3071 
Angles eompiest of England, 146; in- 
vasion of Britain, 1769; in Xorth- 
liiiiherland, 2242 

— in girders, 544 

— plastering, 5500 

— ill wails of building, 30:1,3, 3035 

— in workshoj) practice (test pieces and 

faults), 3961, :i962 
Anglesey, island, geography, 1277 
Anglesite, mineral, .5985, 6732 
Anglo-Saxon language teases), 246; in 
Phigland, 1760, 1770; past par- 
ticiple ill ge, 757 ; prose, 1608; re- 
lation to English, 117 
Anglo-Saxons, effect on British trade, 
146 ; sanguine temperament, 5701 
Angola, geography of, 3584 
Angora goat, w'ooi, 220, 6426 
Angostura hark : see Fiisparia 
Anguilla cotton mamifaelure, 386 
Anguis fragilis : see Blind worm 
Anhydride, ill chemistry, 840, 1158 
Anhydrite, mineral, 768, 6732 
Aniline, cliaraeters and manufacture, 
3710; preparation, .595:1; as rub- 
ber solvent, 5309 ; benzene jiro- 
duct, 5463 

— black, discovery, 5908 

— dyes (Perkin’s discovery), 641 , 

5908; manufacture, 3710, 5145, 
5908; preparation, nomenclature, 
5953 ; see also Coal-tar colours 

— oil, pruliiction and propellies, 5468 
Animal and bird dealing, 890 
Animal alkaloids : see Alkaioid.s, animal 
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Animal diet, chemical compositlm and 
functions, 3110 

— foods, dietetic value and preserva- 

tion, 3112 

— lieads, mounting, 6328, 6329 

— kingdom, compared with vegetable, 

275, 1491 

— labour, 6631 

— life, deffnition, food, distinguished 

from vegetable, 96 

— magnetism, Mesiner’s theory, 4449 

— products, list and sources, 5119 
psychology : absence of self-eou- 

scioiisness, 2373 ; homogeneity of 
human and animal instincts, 2694 ; 
evidence of consciousness in lowest 
forms, 3117 

Animalculm, characters and classifica- 
tion, 4087, 4089 

Animals in Assyrian art, 2657, 2659; 
backboned, orders, 1493 ; breeding, 
4515; purpose and countries of 
breeding, 5119; classification, bio- 
logical, 29, 1492 : see also Zfxfiogy ; 
distribution, 628 ; evolution, 1491 ; 
food, chemistry of, 4133; function 
change, 1491 ; fur-bearing, 6426 ; 
geological agency, 1814. 1817 ; 

marriage, 4538 ; morality in, 6773 ; 
pastoral, products and uses, 5119; 
and plant reproduction, seed dis- 
persal, 912; plants, relation to, 
1491 ; prehistoric footprints, 1817 : 
primitive backboned, 3070, 3072 ; 
stuffing and dressing, 4056, 6326- 
0329 ; synthetic chemical pro- 
cesses, 2712, 4014, 4133 ; trade in : 
see Animal and bird dealing; 
weapons and colours, 2155 
Anime, varnisli resin, 5147 
Anion, in electricity, definition, 3260 ; 

direc'tion in electrolysis, 4022 
Anlse.*d, 6880 
Ankle, human, bones, 1709 
Ankylostomiasis : see Miner’s w’orm 
Anna (Indian coin), value, 410 
Aunatto, 6880 ; iu margarine manufac- 
ture, 4833 ; source of colour, 5145 ; 
use iu dyeing, 5007 
Anne of Cleves, marriage and divorce, 
3651 

Anue, (jueen of England, descent, 
4842 ; aeces.uon, 4843 ; life and 
reign, 4950 

Anne of Austria, regency of France, 
5110 

Annealing, in hand flanging, 3102 

— of glass, prcx'css, 45:J1, 4534 

— furnace, 3107 

— metals, pris'css, 38.38, 3938, 5524 

— in smithy work, 3107 

— steel, 1045, 39:i8 - 

AnneJids : see Ringed W'ornis 
Annual rings of plants, 108, 109 
of trees, 51 

Annuities, relation to insuranee, 3221 ; 

— see also Life? assurance 

Annular tread, iu casting, 2337, 2339 
Annular ligameut, position, 1350 
Annulus of 8iM>re-ea8e, 1116 
Anobium ; see Death-w’ateh 
Anode, definition, 466, 3260 
AiKxlonta : see Mussel 
Anogeou, declension iu Dreek, 5376 
Anomalopleryx parva: see Moa 
Anomma: see Ant 
Anorthitc, mineral, 768, 6732 
Anorthie system, in crystallograiihy, 
766 

Anselm, Archbp. of Canterbury, 2675 
A user einerens : see Lag, grey ' 
Aiiseres : see Duck, (toose, Flamingo 
Aneonas, fowis, points of breed, 4956 
Answ'ering jack, of telephone, 5683, 
5684 

Ant, elassifteatioii, description and 
habits, 3722, 3725 ; influence in 
seed dispersal, 912 

— red, parasite of, 3727 

— white : see Termite 

Ant-eater, description, 1765, 1871, 
2155 

— great, 1493 
Ant-guards, habits, 3726 

Ant-hill, ommu'ia’^ type of Bociety. 
5248 
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Ant-lion, 3365, 3366 ; larva, 33r,6 
Ant-plant, East Indian, ant nest, 3727 
Antananarivo, Madagascar, 3587 
Antarctic Ocean, direction of, 460 
Antarctica, theory of, 460 
Antecedent, grammar, rules, 606 

— in mathematics, 996 

Ant elope, 1 structure of horns, 811; 
even-toed foot, 1870; markings, 
2157 ; stulfing, 6327 ’ 

AntennoB of crayfish, 3807 

— of insects, 3362 
Antennariu, carpet bedding, 6491 
Anthemion, In design, 5818, 5820, 5821 
Anther, of flower, 346, 347 
Antherea, worm hmd, distribution, 583 
Anthers of foxglove, plate faring 728 
Anthomigia betce : see Beet fly 
Anthozoa : see Sca-anemone 
Anthracene, basis of dyes, 5468, 5953 

— dyes, 5956 

— oil, dye products, purification and 

yield, 5464, 5953 

Anthracite, chemical composition, 1157, 
6732 ; geological classification, 
1073; properties, 5302; IT.s. de- 
posits, 5305; weight, 1704 
Anthrax, | bacillus, (1540, 6781 ; in 
cattle, symptoms and treatment, 
2622; Pasteur’s cure, 203, 3274; 
in sheep, 2624 

Antlu-opoid ape, comparative anatomy, 
1603, IGOi 

Anthropology, relation to biology, 137 ; 
scope, skull mcasurtmients and 
stature, 1785 

Antliropometric tables, 1785 
Anthus pratensis : see Pipit 
AnthyUvs mdneraria: see Kidney vctcli 
Anticipation, in harmony, 567 
Anticipations, in logic. Bacon’s argu- 
ment, 6000 

Anticline, in geology, definition, 1923 
Anticyclone, forecasts, 986 
Anti-friction metals, 5988, 6162 
AntUles, Greater and Lesser, 4178 
Antimopy, chemistry of, 240, 517, 1162 ; 
analysis, 4408, 4414 ; distribution, 
3772; extraction, 4307 ; metallurgy 
of, 3837, 4307; occurrence, 839; 
physical properties, 1390, 3837, 

4307, 6732 ; in pottery colouring, 
5382 ; a protoplasmic poison, 3017 ; 
reaction and test, 440S; symbol 
and atomic weight, 517 ; uses, 360, 
4307 

— potassium oxalate, in dyeing, 5781 

— potassium tartrate : sec Tartar 

<‘motic 

— vermilion, comp(jsitioii and manu- 

facture, 5144 ; use, 5832 
Antipyretics, 5469 

Antipyrine, uses and production, 6469 
Antirrhinum: see Snap-drugon 
Antisepsin, composition, 5469 
Antiseptic treatment, origin and im- 
portance, 202 

Antiseptics : see Disinfectants and 

specific substances— e.g Boracic 
acid 

Antitoxin, 6544, 6781 ; diphtheria, 5411 
Antlers as weapons, 2155 

— deer’s, 2150 ; evolution of, 825 
Antoinette, Marie, marriage, 5111; 

guillotined, 5112 

Antoninus, wall of, building, 2607 
Antoninus, Pius, lioman emperor, 
reign, 2070 

Antony, Mark, and Cleopatra, 1672; 
and death of Caisar, second trium- 
virate, 1671, 1672 
Anu, Assyrian god, 501 
Anvil, described, 2983, 2985 ; in smiths’ 
work, 3107 

— block, of mechanical hammer, 

2019, 2022 

— bone, of ear, 2533, 2534 

— ehi.ieis, 4151, 4152 

— fuller, 2983, 2985, 2986, 2897 

— swages, described, 2983, 2985 
Antwerp, Belgian port. 1835 ; cathedral, 

3374 ; trade, 4520 
Antwerp blue, 871 
Anxiety, eflfect on health, 2664 
Aorist tense, Greek, 6809 
Aorta, structure, 953, 955 


Apaches, ethnology, 1789 
Apartments, seaside, catering, 5720 
Apatite, 768, 1041, 6732; in phos- 
phate manufacture, 4779 ; as 
manure, 5586 

Ape, brain, size, 2145 ; characters of, 
1493 

— anthropoid, cranial capacity, 1785 
Apelles, Greek painter, 2931 
Apennines, Italian, 2230 
Aphalostachyum : see Bamboo 
Aphelion, defined, 6405 

Aphides, larch and spruce, forest pests, 
destruction, 4296, 4297, 4298 

— see also Plant-lice and Green- fly 
Aphis, Chinese, cause of galls, 5366 
Aphis-lion, description, 3366 
Aphonia, cause, 6133 
Aphrodite, temple at Corinth, 1526 
Aphrodite : see Sea-mouse 
Apiary, arrangement, 5958 
Apiculture, 5957-5903 

Apis, bull, in Egyptian worship, 419 
A pis mellifera : see Bee 
Apmea, in respiration, 1303 
Apoda : see Ca^cilians 
Apolar, nerve cell, in anatomy, 1942 
Apollo, (ireek god, 668 

— Belvedere, statue, 2930, 29:il 
Apollodorus, Greek artist, 2931 
“Apologia,” Justin Martyr’s, 2070 
Apomorphine, use, preparation, 3825 ; 

in opium poisoning, 4006 
Apoplexy, causes, treatment, 6261 
Aposiopesis, in grammar, 1616 
A|tostrophe, in correspondence, 6352; 
in French, rules. 449; in Italian, 
2044 

Aj)othecaries’ weight, table of, 226 
A])palacliian Highlands, 4061, 4064 

— oil-fields, 6007, 6014 

Apparire (Italian verb), conjugation, 
5946 

Apparitions and imagination 3625; 
instances in psychical research, 
3625 ; see also Visions and Gliosts 
Appendicitis, curative symptoms, 5539 ; 

cause, Treves on, 5843 
Aiipondix, in physiology, 570, 579 

— ill zoology, origin, 2157 
Appenzel railway, construction, 3804 
Ajipian way, length, 1977 

Appius Claudius, story of Virginia, 1201 
Apple, choosing, 1228; amber, recipe, 
2002 ; Australian, 3236 ; cider 
manufacture, 6356 ; culture, 0070, 
0077 \ OHScnce, source, 5469; 
European cultivation, 855 ; fritters, 
recipe, 2001 ; fruit, sources, 4875 ; 
in season, 153] ; market prices, 
2530, 2532; paring machine, 4845, 
4848 ; preserving, 4846 ; rings, 
preparation, 4845; storing, 6678; 
tree, use of timber, 57, (varieties) 
6676 ; Tasmanian cultivation, 
3469, 3900 

Applied liotany : see particular 

branches — e.g.. Forestry, llubber, 
etc. 

Applied chemistry, liooks on, 6389; 
dictionary of, 4316 ; see also 
specific subjects — e.g.. Alkalies, etc. 
Applied education : see Education 
Applied mechanics, 85 
Applique W(K)d-curvirg, 6136 
Appoggiatura, in music, 271 

— in violin playing, 2508, 2509, 2510 
Apposition, in grammar (English), 247 
Apprentices, dressmakers’, 2438 
Apprenticeship, in various trades, 

wages, etc., 46, 47 ; decay of, 2641 ; 
engineering, 5594 ; railway, 4380; 
see also separate trades 
Apricot, 6880 ; canning, 4846 ; cream, 
recipe, 2001 ; dried, preparation, 
4845 ; fritters, recipe, 2001 ; jam 
manufacture, 4845 ; pulp, use, 
source, and preparation, 4846 ; 
tree, culture, 6677 
April, origin of name, 1182 
Aprons, of veliicles, use, 3623 
Aptera, wingless insects, 3362 
Apteryx': see KiwT 
Apiis, in zoology, description, 3809 
Aqua regia, 5528 ; gold solvent, 1448 


A qua-thrust cr pump, Bailey’s, 1825 
Aquamarine, 5853, 6855, 6732 
Aquatint etching, 6113 
Aqueous humour of eye, 2953 
Aquilegia : see Columbine 
Aquinas, Thomas, place in psychology, 
2013 ; on life, 2032 ; Aristotelian 
philosophy, 4883 ; logic, 5909 
Arab! Pasha, Egyptian affairs, 6692 
Arabia, geography of, 2817 

— history, rise of Mohammed, 2243, 

2353 ; Spanisli settlements, 2946 
Arabic, Englisli importations, 1770 
Arabin, in gum arable, 5363 
Arab! nose, production, 5363 
Arabs, art, 3092; ethnology, 1700; in 
Portugal, 2946 ; keen vision, 2403 
Araebis nut, 4658 
-oil, 4830, 4831, 4833 
Aracimida : see Scorpion and Spider 
Arachnoid membrane, anatomy, 2145 
Arago, magnetism experiments, 562; 

scientific discoveries, 3850 
Aragon, joined with Castile, 2946 
Aragonite, 768, 843, plate facing 1345 
Araucaria : see Monkey tree 
Arbcla, battle of, 072 
Arbitration, international, project of 
Henry of Navarre, 4320 
Arbor, use for, clock collets, 5883 ; 
verge watch, 6082 

— barrel, of watch, 6083 

— vita*, in cerebellum, 2144 
Arboring, boring machine, 8317, 

Arbors of clocks, American, 5711 ; 

pendulum, 5714 ; repairing and 
making, 5718 

Arbaces, revolts against Sardanapalus, 
502 

Are, of circle, 285, 287, 4208 ; comple- 
ment and supplement, 6665 

— clcctr' - - • 

24 li 
Arc-lanq 

curreiM supiny sysieins, < 

Arc-light, Davyds discovery, 129 
Arcade, Gotliic, horizontal line in, 2283 
Arch, in arcliitecture, shoring method, 
920; designs, 2131, 2134, 2507, 
2509, 3092; in Etruscan and 

Homan architecture, 2931 ; in 
Saracenic art, 3092 

— brickwork. 1850, 2385, 2387 

— in building, brick, 2385, 2387 ; ma- 

terials, forms, strength, voussoirs, 
and keystones, 3143 ; stability, 
2760, 2701, 2762, 2703, 2764 ; 

triininer, 2388, 2389 

— in geology, stratified rocks, 1923 

— Gothic order, 3144 

— hearthstone construction, 4446, 4407 

— pointed, 3373 

— Romanesque period, 3231 

— in vehicle construction, 2559 
Arch-panel of brougham, 2829, 2831 
Arch-ring, miiumum depth, 2760, 2701 
Arch-stoiie, forces aiding on, 2760 
Archtean rocks, 2067, 2253 
Archaeopteryx, extinct bird, 2214 
Arched roof, in carpentry, 4253, 4254 
Archidcre, Italian verb (conjugation), 

4792 

Archil, 6880 

Areliimedean spiral, drawing. 1413 
Archimedes, discoveries, 34 ; specific 
gravity law, 798 ; law of immersion, 
1078 ; system of levers, 1797 
Architect, duties, 140, 141, 1910-1912; 
charges, 1911 ; examinations, 
schedule, 161,1912; control over 
work, 307 ; equipment, 1910, 5419, 
5420, 5421 ; municipal service, 785; 
office experience, 2036 ; study, 
pupilage, 2034, 2036 

— assistant, 2036 

“ Architect of Tello,” statue, 2657,2655 
Architectural design, 2128, 2283 

— drawings, scale, 1910 
Architecture, the profession, 1910, 

2033 ; the art, 2128, 2283 ; Assy- 
riaii, 2657, 2658, 2659 ; books on, 
2033, 2034, 2287 ; Byzantine, 3089 ; 
('haldean,' 2657, 2658, 2659, 2600 ; 
Christian, 3089-3092 ; day schools 
in London, 2036; design, 2133, 
228:i ; dictionary of : see Building 

G905 
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Arehl-~A«ia 


A rchitert ure — co nfinued 

lijryptian, 420, 2133, 2520 ; Eliza- 
bethan, 3946; five orders, 2035, 
2135; Gothic period, 3373, 3374, 
3375 ; (books on). 2034 ; Greek, 
2133 2857; Jacobean, 3946; 

M(H)rish, 2133 ; Renaissance, style, 
2134, 3520; (masters), 3675; 

^Northern Europe, 3946; Roman 
orders, 2133, 2035, 2931 ; Roman- 
esque period, 3231 
Architrave of dwr, 5181, 5182 
Arco, violin miis’ic, 5727 
Arctic circle and the sun’s altitude, 293 
— " Ocean, direction, 400 ; arm of, 853 
Arcturus, movement, 2028,0698 
Ardeidof : see Heron 
Ardennes, Belgium, 1835 
Ardcrc (Italian verb), conjugation, 
4792, 6378 

Are, unit of surface, 537, 1148 
Area, arithmetical problems, 1411 

— of plane figures, 285, 1251 

— of rectangular surface, 1548 
Areas, geometrical ratio of similar 

figures, 5635 ; proportional divi- 
sion, 1251 ; properties, 1443 ; 
definitions, propositions, 4905 ; in 
surveying, 1147 

Areca, 6880 ; Bombay cutch from, 5906 
Arenaceous rocks, geolc^y of, 1072 
Areopagus. Athens, 1525 
Argaiid burner, construction, 6026 
Argentina, coins, weights, and measures, 
409 ; commercial opportunities, 
6212; geography, 42S2, 4288, 4289, 
5060; economic conditions, 5660; 
population. 628 ; trade, 5824, 
5825; wheat export, 3282 ; wools, 
70, 72, 3990 

Argent it e, characters, 6732 
Argillaceous iron ore, 231 

— rocks, composition, varieties, 1072 
Argol, manufacture, 3704, 4782, 6355 ; 

in dyeing, 5781 

Argon, element, 401, 517, 1296 ; in 
periodic system, 1446 
Argonaut, care of eggs, 3116 
Arguing in a circle (logic), 6100 
Arguir (Spanish verb), conjugation, 
4509 

Argument, fallacious, and a fallacy, 
6099 

Ariadne, in Chaucer, 326 
Aridocus, succession dispute after Alex- 
ander tiie Great, 975 
Aries, Zodiac sign, 6251, 6665 
Arillus : see Macc 
Ariosto, Italian poet, 538, 678 
Aristoi)hancs, dramatist, 774 
Aristotle, life, 976 ; animal classifica- 
tion, 29 ; his “ elements,” 516 ; 
preceptor of Alexander, 972 ; 
anthropology, 1788 ; air-theory, 
1801 ; on nabit, its ethical value, 
2800 ; comparison with Spencer, 
3986 ; founder of logic, 5998 
Arithmetic : see Group Index, and 
separate headings — e.g.. Addition 
Arithmetical progression, 3913 
Arizona, surface and climate, 4174 
Arkwright, Sir Richard, and cotton 
industry, 223, 1398 ; carding en- 
gine, 1542; spinning frame, 2441 ; 
Arm, human, physiology of, 98, 1105, 
1196; bones, 1708, 1709, 1710, 
1797, 1798 

— of pulleys, 3423 

— in sculpture, 1351 ; casting, 609 
Armada, Spanish, defeat of, 3999 
Armadillo, digging claws, 1871 ; pro- 
tective bony plates, 21.56, 2157 

Armature of converter, 2248 

— dynamo, 1105, llOG; (books on), 

4298; core, 1106; winding, 1107, 
1323; alternator, 1358, 1301, 2248 

— of electromagnet, definition, 564 

— electromotor, 1590, 1593 ; wind- 

ings, 1593, 1905 

— in sculpture, figure iiH^dclllng, 1346 ; 

for head, 1510 ', making, 1675 
Armchair, wicket, 5503, 5564 
Armenia, ethnology, 1790; geography, 
2719 ; highlands, 2564 
Armlet, goldsmithing, 5087 
Armorican language, classification, 1771 

61M)6 


Armour, protective, of mammals, 2166 
Armour-plate, grinding, 6466; manu- 
facturing processes, 4750; nickel 
steel, 5984 ; planing, 6002 
Armoured concrete : see Reinforced 
concrete 

Armourer, Army, .3840 : service, 3841 ; 

— Navy, service, 4266, 42t»9 
Armourer-sergeant, promotion, 4031 
Arms, mamifaeturc, 0010, 6015, 6757- 

0705 

Arms, of spur wheel, drawing, 3658 

— moulding process. 2544 

A rmstrcuig hydraulic accumulator, 1080 
Armstrong works, Elswick, gun-monnt- 
ing shop, 833 

Army, Accounts Departments, appoint- 
ments, 3195 ; as a career, 161, 3840, 
4032 ; Civil Service posts, 2575 ; 
Commissioners, 4197 ; discharge, 
cost, 4032; Medical Service, ap- 
pointments, 6427 ; non-commis- 
sioned officers, 4030 ; Ordnance 
Corps, service in, 3840, 4031 ; and 
Post Ofl^ce berths, 2809, 2811 ; ser- 
vice in, 3841 ; Service Corps, service 
in, 3840, 4199; technical branches, 
4030; Veterinary Department, 
service in, 5432 ; War Office clerical 
appointments, 3195 

— see also Navy 

Arnold, Matthew, poetrj', 1437 ; on true 
education, 2138; works, 2616; 
monographs on, 2618 ; portrait, 
2619 

Aromatic chemical products, kinds and 
uses, 4969, 4971 

Arpeggio, term in music, 270, 3399 ; 
harp music, 3529, 3530 ; in piano- 
forte playing, 1507. 1758, 1888 ; 
violin bowing, 2743, 2744 : vio- 
loncello playing, 2909, 2970; or- 
chestra scoring, 5885, 6890, 5891 
Arrack, where obtained, 2879, 4875 
Arrhenius, Prof., on osmotic pressure 
in solutions, 4562 
Arrises, in boiler- work, 3100 
Arroba, Chilian measure, 409 ; Philip- 
pine measure, 410 
Arrowliead classification, 355 
Arrowroot, 6881 ; classification, 355, 
6881 ; sources, 4959 ; adulteration, 
3717 ; dietetic value, 3312 

— Jamaican, 4178 

Arrowroot sUrch, miert^aph, 5365 
Arschine, me^siire, 410 
Arsenic, element, 517, 1162, 6732; oc- 
currence, 839 ; protoplasmic poison, 
3017; physical properties, 3837 ; 
analysis, 4414 ; reagent and test, 
4408 ; Marsh test, 4630 ; in steel, 
4747 ; in wallpaper, 5051 

— metal, occurrence, 362 ; properties, 

ores, and extraction, 4307 ; In shot 
manufacture, 5988 
Arsenious acid, test, 4410 
Arsenolite, characters, 6732 
Arsenuretted liydnigeii, production, 
4630 

Arson, and fire insurance, 4849 
Art, place and influence in life, 180; 
ancient, study by designer, 5818 ; 
Christian and Byzantine, 3089 ; 
composition, 722 ; Eastern, an- 
cient, 2657; Egyptian, 420, 2519 ; 
compared with early European, 
248(); Flemish and Dutch paint- 
ing schools, 3947 ; French, 4118, 
4394 ; fresco work, 1024 ; (Jer- 
man, 4117; Gothic architecture, 
3373, 3517 ; Greek, 2857, 2929, 
2931 ; Italian masters, 3793 ; 
primitive, of lower races, 17S8 ; 
renaissance, 3517, 3074, 3940 ; 
Roman, 2069, 2931; Romanesque 
period, 3231; Spanish. 4119; 
study of, in 'metal-work, 6521, 
6687 : symbolism of colours, 725 ; 
see also Architecture, Design, 
Drawing, Painting, and Sculpture 
Art-dealing, in shopkeeping, 892 
Art-needlework, trading, 1095; train- 
ing, 323 

Art schools, London and abroad, 104 ; 

English, 868 ; French, 870 
Art-teaching, Germany, 870 


Artery, human, 102, 962, 953; con- 
tract] bility and blood circulation, 
1192; dlseaBes, 6036 
Arterioles, 955 

Artliropoda, characters, 1492, 3361 
Arthur, Gen., President, F.S.A., ,6976 
Arihur, King, legends of, 1609, 2355 
Artichoke, a la cr^me, recipe, 2127; 
culture, 6673 ; as livestock food, 
2909; market garden returns, 
0836 ; soup, recipe, 1735 
Article, in grammar, English, 446 ; 
Esperanto, 4512; French, 750, 
5370,5372, 5512; Gorman, 74.6, 
749; Greek, 5376, 6657; Italian, 
2044 ; Spanish, 2041, 2189. 3792 

— in journalism, preparing, 4580 

— in literature, representative of older 

essay, 2685 

— newspaper, disposal, 4672 ; rejec- 

tion reasons, 4674 
Articled clerks (law), 6750 
Articles of association, contents, 3185, 
6800 

Articles of partnership, contents, 2978 
Articulation, of joint, 102, 1709, 1710 

— in speech, processes, 2539 

— in singing, 6338 
Articulator, dentists’, 0031 
Artificer engineers, in Navy, 4266 
Artillery, artificers, 3840 

— Field, service and pay, 3840, 4198 

— Royal and Garrison, service and 

pay, 3840 3841, 4198 

— waggons, wheels, 3127 

Artist, education, 180, 341,722, 863: 
see also Arl schools 

— length of life, 4528 

Artists* brushes, mairnfactiire, 6106, 
6108 

— materials, dealing in, 894, 4609 
Arum lily, classification and description, 

355 ; insect trap, plate facing 
728 ; inse<*t-pollination, 908 ; pro- 
tection against snails, 1114 
Arum maciilatum 355 : see also Cuckoo 
fruit 

Arum order, 357, 355 
Aryan : see Indo- European 
Arytenoid cartilage, human, 2537 
As, Roman coin, fractions, 1333 
Asbestos, mineral, distribution, varieties, 
use, 812, 1042, 6732 ; as electrical 
insulator, 672 ; in rubber manu- 
facture, 5203 

Ascaris, round-worm, 3958, 3959 
Ascending handle, strap, of van, 2828 
Asceticism, ethical value, 4277 
Ascidian (Tiinicata), classification, 3072 
Aseel fowl, 5089 ; points of breed, 
4954 ; useless breed, 5624 
Asexual reproduction in unicellular 
organisms, 381, 382 
Ash, timber, 50 ; strength, 1260 

— tree, classification, 254 ; description 

and cnUiire, 4678, 6881 ; seed- 
dispersal, 911, 912 

— wood, in eabinet-makiiig, 6579 ; in 

carpentry, 3542 ; for carving, 
5809; use for sticks. .6603; in 
vehicle construction, 2827 
Ashantee, ethnology, 1790; geography, 
3454 

Ashbiu-ton treaty, Canadian boundary, 
5975 

Ashes, weight, 1704 
Aslilar, in masonry, 1452, 2178 ; in 
walling, 3035-3039 
Ashley pump, types, 6062, 0004 
Ashmouni cotton, described, 384, 386 
Ash-pan of locomotive fire-box, 3101, 
3103 

Ash-pit of boiler, 3102, 3097 
Asia, coalfields, 5304 ; craniology, 1786, 
1787 ; fauna, 628; forest land and 
vegetation, 626 ; Indo-European 
races, 1790 ; inland drainage. 2564 ; 
isotherms, 2564 ; geography of, 
460,860, 2560, 2661, 2716, 2716 ; 
Mongoloid races (q.v.), 1789* 

petroleum deposits, 5305 ; nhysical 
features, compared with Europe, 
851 : rainfall, 2605 

Alda Minor, economic decay, 5822 ; 
geography, 2719 ; Greek immi 
gratioii, ^58 
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Jlspa-— A mx 

Asparaffus, classification ; 355 ; culture, 
6673 ; market garden returns, 
6836; with vinaigrette sauce, 
recipe, 2127 

Aspiialt, for concrete roofs, 4758 ; 
deposits and use, 1106, 5306 ; for 
footpaths, 1164, 2430, 2516; 

geological classification, 1074 ; iron 
coating, 6571 ; manufacture, pave- 
ment laying, 2425 ; in road con- 
striiction, 1980, 2179 ; use of 

tar-pitch, 5464; Trinidad, 1164, 
4178 ; weight, 1704 

Asphalte stone, occurrence, uses, 1164 
Asphyxia, cause, symptoms, 1303, 2794 
Aspidium ¥ilix-mm ; %tt Male fern 
Aspirate, in (>reek, 5375 ; in shorthand, 
836 ; in speech production, 2539 
Ass, dentition, 1761 ; milk, dietetic 
value, 3311 

Assaillir (French verb), conjugation, 
4362 

Assalire (Italian verb), conjugation, 
6233 

Assam, geography of, 2972, 5380 ; lac 
imported from, 1035; petroleum 
deposits, 6009 

Assay-ton (A. T.), use, 5849 
Assaying precious metals, 5849^ 5850 ; 
books, 5860 

— weights, 5849 

Assembling, in workshop practice, 3087, 
3694 

- — shops, engineering, 2109 
Assets, in bankruptcy, 3570; branch 
and head office, 3418 ; depre<?ia- 
tion of, 2758 ; at partnership 
dissolution, 2980 ; ranking, in 
balance-sheet, 2757 ; relation to bad 
debts, 2887 ; relation of reserve 
fund, 2883 

— bank, forms, 4430 

— fixed and floating, of parliamentary 

companies, 3333 

— of limited company, bookkeeping, 

3189 

AssiihiJation, in biology, 275 

— in physiology, 865 

Assistant clerks, Government offices, 
appointments, 2252, 2474 

— engineer, duties and salaries, 455 

— surveyor, duties and salary, 455 
Association, articles and meinoraudiim : 

nfie under Articles and Memorandum 

— areas, in biology, 2804 

— of ideas, 2804, 2806 ; origin of the 

idea, 2013 ; in philosophy 2141 ; 
psychology of, Mill, 2259, 2804 ; 
cause of distraction, 2306 ; in cdu- 
(^atioual theory, 2372 
Assuan, dam, 1402, 5484 
“ Assumption,” Titian’s picture, 181 
Assur, Assyrian divinity, 500 
Assurance, application of term, 4849 

— industrial life, principles, 4728 

— Mee also Life Assurance atid Insurance 
Assyria, ancient art and architecture, 

2057, 2058 influence on Greek, 2929 

— ethnology 1790 

— history, 421, 500 ; coiuiuests, Israel, 

667 ; Alexander’s comiuesi, 972 
Astatic governors, ilefects, 2020 
Aster, elassifleatiou, 354 
Asteroids, 6568 ; position in solar 
system, 11 ; nebular hypothesis, 
620 

Asthma, nitrites for, 1719 ; symptoms, 
6134 

Astigmatism, 3180, 6123, 6127 ; testing 
for, 4143 

Astragal bead moulding, in joinery, 
5297, 5299 ; design, 5821 
Astragalus, anatomy of, 3876 

— ill modelling, proportion, 1348, 1349 
Astragalus, gum, 810 

Astrakhan fur, imitation, 3156 

— sheep, wool, 72, 221 
Astralite glass, defined, 4930 
Astronomical chemistry, 4135, 4136 
~ globe, 6244 

Astronomy, 6115; ancient, 6118; in 
Assyria, 501 ; books on, 6247, 6702 ; 
dictionary of, 6703; early Greek, 
34 ; and physics, 540 
Astrophysics, scope, 4561, 6249 
Astu ((;ireek noun), declension, 5655 


Asylums, colonial lunatic, appoint- 
ments, 3742, 3748 

— London, management, 320 

— municipal, officials, 1496 

— poor law, staff, etc., 1929, 1930 
Asymmetric molecule, lactic acid, 3534 
Atacama desert, Chile, 4282, 4287 
Atacamitc. 6307, 6732 

Atavism, in horses, 1179 
Atbara, river, 3450 
Athclstan, King, commercial policy, 146 
Athenodoros, sculptor, 2930 
Athens, history, 668, 772 ; philosophic 
schools, 976 ; sculpture schofil, 
2929; temples, 141, 2858, 2869 ; 
tourist description, and directions, 
391, 1625, 1526 

At-homes, catering charges, 5582 
Atheroma, causes, symptoms, 6036 
Athletic goods, sale, 5344 
Athletics, abuse and value, 4387 ; effect 
on women, 4828 ; training system, 
4389 

Atlantic Ocean, climatic influence, 
IT. K., 853, 984 ; effect on coastline, 
980; currents, 667; greatest 
depths, 655 ; continental shelf, 
299 ; size, 460 ; temperature, 555 
Atlas mouiitaiiiH, 3275 
Atlas moth, 583, 3516 
Atlas vertebra, human, 1605, 1606 
Atmosphere, chemistry, 239, 1296 ; 

composition, 239, 621 ; compensat- 
ing actions, 1298 ; geological work, 
1499 ; height and weight, 621 ; his- 
tory and future, 1297 ; humidity, 
1899; pressure, 293, 1741 ; (dimi- 
nution and anticyclones), 986, 
1801 ; (influence on weather), 1899 ; 
sulphuric acid in, 4632 ; tempera- 
ture, 293, 294 

Atmosphere, Eiigliah standard, 1140; 

as pressure unit, 24 
Atmospheric pressure, general account, 
293, 1140, 1141, 1741 

— pump, 1081 
Atoll, coral, 568 

Atom, ancient and modern views, 
487, 2081, 2082, 6259; chemical 
properties, 2296 ; complexity, 2081, 
4131 ; corpuscular theory. 2297 ; 
Darwin on, 239, 487; disintegra- 
tion, 2391, 2394, 2554; duration 
of, 2083, 2295 ; electronic theories, 
2294, 2297, 2554; evolution of, 
239, 1916, 2030 ; Kelvin on, 4131 ; 
in lieavenly bodies, 4135; inst-a- 
bility, 2391, 2554; inter-atomic 
and intra-atomic processes, 2083, 
2393 ; molecule, 134, 692 ; relation 
to solar system, 2028 ; to universe, 
2552 ; size, 2028 ; spectroscopic iu- 
vestigatiou, 3370; stereo-chemical 
representation, 2714 ; unity and 
divisibility of, 1596 ; valency, 2296 

— see also Electron and Element 
Atomic theory, in ch<unistr>% 602 ; 

discovery, 61 ; in physics, 312 
Atomic weights, in chemistry, 401, 517 ; 

and molecular weight, 094 
Atomism, history of doctrine, 34 
Afopitc, characters, 6732 
Atrium, in architecture, 2932 
Atropa belladonna : see Kightsbade, 
deadly 

Atrophy, in theory or heredity, 1484 
Atropine, chemistry of, 4000 ; effect on 
eye, 2401, 3179; physiological 

effect, 4010; prussic acid antidtite, 
3537 

Attache, appointment and salary, 2934 
Attainder Bill, 3832 
Attenant (French preposition)., 6089 
Attention, importmico of, 1883 ; psy- 
chological explanation, 2258 ; edu- 
cational importance, 2306 ; sea 
also Observation, Concentration 
Alteratives, chemical action, 1445 
Attic, classic, form of Greek, 5374 
Attila, the Him, invasions, 2241 
Attle, in mining, definition, 3194 
Attolens aiiris. muscle, 1350, 1351 
Attrabens aiiris, muscle, 1350, 1351 
Aub^pine, in perfumery, 4971 
Auction bill, drawing up, 4984 

— expenses account, 4986 


Auctioneer, duties at sale, 4985 ; earn- 
ings, J 01 2; licence, 5284 
Auctioneering, training, salaries and 
duties, 4983 ; as a career, 161, 5155 
Audit office, appointments, 3195, 3382 
Auditing, practice of, 3919, 8920 ; 

profit falsification, detection, 2421 
Auditors, examination, 149 

— local councils, appointment, 316 
Auditory canal, of ear, 2533 

— nerve, complex function, 2118 ; and 

sound iiiterpretAtion, 2534 

— ossicles, function, 2316 
Augers, varieties, 4479, 4481, 6756 

— clay boring tool, 2606, 2669, 4480 
Auger-stem, in rope boring, 2845, 2846 
Augite, mineral, 768, 1009 6732 
Augmented chord, in music, 364 

— intervals, in music, 274, 567 
August, origin of name, 1182 
Augustan age, history, 1829 
Augustin silver recovery process, 4304 
Augustus C«sar, emperor, life and reign, 

1670, 1829 ; statue, 2932 
Augustus II., of Poland, dethroned, 
5397 

Auk, description, 2212 
Auker, measure, Danish, 400 ; Kiis- 
sian, 410 

Auramine, dye, 5955; use, 6766 
Aurantia, dye, manufacture, 5953 
Aurelian, Boman emperor, career, 2071 
Aureolin, pigment, 871, 5144 
Auricle of heart, 102, 955, 956 
Auricularia larva of sea-cucumber, 4082 
Auriga coustellatlon, 6110, 0117 
Aurora borealis, possible cause, 2027 ; 

Arrhenius* explanation, 4700 
Austen, Jane, novelist, definition of 
novel, 2961 ; works, 3132 
Austerlitz, battle of, 5238 
Austin, Alfred, 1438 ; essays, 2785 
Australasia, coalfields and coal ports, 
5304, 5305 ; medical jirofession, 
5428 ; size, 850 

Australia, aboriginal skulls, measure- 
ment, 1785, 1787 ; aborigines, 

ethnology of, 1788; commercial 
opportunities, 6552 ; farming, 3235 ; 
fauna, 628, 3698 ; forest tr^s and 
vegetation, 626, 627 ; geography 
of, 3097-3702; hiBtof'y, 6552; 
isotherms, 3098; labour supply, 
6629; mineral production, 5307, 
5308 ; police forces, 3550 ; railway 
employees, 3549 ; sea fishing, 5318 ; 
size, 460; wool industry, 70, 72, 
221 , 224 

Australian Alps, 3697, 3702 
Austria, craniology, 1786 

— geography of, 2102, 2165, 5710 

— liistory, mediteval, 4398 ; at time 

of Spanish succession, 4951 ; Napo- 
leon’s victories, 5238; modern, 
6445 

— medical profession, 5429 

— touring directions, 394, 1248 
Austria-Hungary, coalfields, 5302, 5304 

— coiiis, weights and measures, 409 

— geography, 628, 2162, 2163, 2165, 

5381, 5710, 5825 

Austrian Gate, Danube valley, 2162 
AutiH’lavp, in caudle manufacture, 
4835 ; in hardening bricks, 5707 
Autocracy, Russian, nature, 4370 ; 

democratic aspect, 5534 
Autogenous soldering : sec Soldering 
Autoharp, musical Instrument, 4312 
Automatism, of Descartes, 2012 ; evolu- 
tion of reflex action, 2118 ; relation 
to habit, 2860 

Automobile, etc. : see Motor vehicles 
Autoplate printing, 5558, 5559 
Autosepsis, cause and effects, 5842 
Auto-suggestion, in relation to w’lll, 
2549 ; psychic remedies, 5699 
Autumn, astronomical cause, 15 ; fall of 
leaf, 728 

Auxiliary verbs, ISnglish, compared 
with ” notional,” 902 ; use iaid 
conjugation, 758, 903 

— French, 751, 2922, 5498 

— German, 745, 1342, 2926 ; of rao<*d. 

3355 

•— Italian, indicative mood, 2193 

— Spanish, conjugation, 3348 
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Avalanches, cause, 1036 

Avebury, Lord, in literature, 2785 ; 

hundred best books, 3783 
Avens (bot.), seed-dispersal, 911, 912 
Aventurine glass, recipe, 4030 
A vesta, Persian sacred book, 501 
Avignon, cathedral, arcliitecturc, 3232 
Avogadro's law in chemistry, 696, 1914 ; 

application to solutions, 4562 
Avoir, French auxiliary verb, 5948 
Avoirdupois weight, table, 226 
Avon, river, course, 1276 
Awl, in basket-making, 5480 

— in harness manul'acture, 4784 

— shoemaker’s, 3S75, 387fJ 
Awn, of grass, 875 ; of wheat, 918 
Axe, mason’s tool, 1837, 1838 

— in quarrying, 532 

— for timber, 4149, 4150, 4151 

— scutch, in building, 1950, 1051 
Axe-liead, cave-dweller’s stone, 2478 
Axed work, in building, 1950, 1051 
Axinite, characters, 6732 

Axioms, in geometry, 4207 
Axis of a conic, 5783 ; cylinder, of nerve 
- fibres, 1042 , 1943 ; in drawing, 496, 
1747, 1749] of ellipse, 1411; of 
flotation, in hydrostatics, 1080; 
of parabola, 1412 
Axis vertebra, human, 1606 
Axle, of under-carriage, 3123,3724; 
railway, drawing, 3135 ; steel, 
4747 ; tests, 3962 ; of vehicles, 
3325-3328 

Axle-bed, of van, 2829 ; of light 
waggon, 2829, 2830 ; of under- 
carriage, 3123 ; of elliptic spring 
fore-carriage, 3125 

Axle-box, railway, 209, 3265, 3266 ; 

cap, etc., of wheel, brougham, 2S30 
Axle-flap, of brougham, 2830, 2831 
Axminster, Industry, 1276 ; carpet 
manufacture, 3358 

— carpet, weft of, 3157 ; principles of 

design, 3357, 3358 
Axode, in mechanics, 88 
Axolotl, description, 2800, 2801 
Aylesbury duck, points, 6704, 

Aylmer, Hose, and Landor, 1307 
Ayola, Pedro Lopez de, Spanish poet 
and historian, 2042 
Ayrshire cattle, 2236, 2237, 3667 

— coalfield, 1066 

Azalea, classification, 354 ; culture, 
6530, 6531 

Azimuth, defined, 709, 0245, 0661 , 6665 

— compass, 6658 

Azimuthal arc, in surveying, 709 
Azo blue, dyebath, 5955 

— colours, 6194, 0195 
Azores Islands, discovery, 2947 
Azurite, composition, 4127, 6732 

BAAL, PhcDiilcian god, 501 
Babbitt metal, 2545 ; use, 3266, 3268 
Babcock and Wilcox boiler. 6879 
Babingtonite, characters, 6732 
Baboons, courtship coloration, 2157 
Baby, brain weight and .size, 2144 ; 
care and feeding, 4681 ; clothing, 
3744-3746, 4683 ; diet, 3381 

— bonnets, 5939 

— carriages, hiring, 927 ; suspension, 

3126, 3127: trading in, 926; 

see also Perambulators 

— foods, dietetic value, 3312 

— linen, trade and profits, 927, 928 
Babylon. Babylonia, art, 2657, 2668 ; 

bricks on walls, 1278; captivity 
of Jews, 667; ettinology, 1790; 
history of, 16; woollen manu- 
facture, 68 

“ Babylonian Marriage Market,” 19 
Bach, John Sebastian, fugues, 634 ; 
use of pedal, part playing, 1891 ; 
study of, 2023 ; ‘^Preludes and 
Fugues,” 3860, ,3866 
Bachofen, theory of matriarchy, 4825 
Bacillus. 6437, 6439 : reproduction by 
fission, 3H1, 6437, 6439 ; cholera, 
5410 

— enteritidis, 3826 

— erodiens in puering leather, 3011 

— influenza, 5H2 

— lactis, Lister’s discovery, 3534 

— malleus, 2620 

6908 


Bacillus subtiliB, in glue, 5360; culture, 
6540 

— tubercle, 5409, 6134 
Back, brewing, 6057 
Back, in slating, 4866, 4867 
Buckbaud, of harness, 4886, 4890 
Bickboard, in taxidermy, 6328, 6329 
Backbone : see Spine 

Bnek-flo^ in drains, discussed, 572 
Backing deals, in mine shafts, 3193 

— photo, use. 6684 

— slieet. In typewriting, 1697 
Backlash, in spur-wheel driving, 3639 
Back-plate, in foundry work, 2545 

— of locomotive fire-box, 3101, 3103 

— of roof iron work, 5792 

Back-pressure, in steam engine, 5643 
Backs, in cabinet-making, 658«. 6587 
Back-shaft, of lathe, 4913, 4920 
Back-sight, in levelling, 374 
Backstay, pier, tension on, 2763, 2764 
Buck-stitch, milliner’s, 4565, 4566; 

needlework, 150 ; in tailoring, 

1110, nil 

Backward bearing, in surveying, 267 
Bacon, Francis, Lord Verulain, physi- 
cal science, 36 ; on reading, 104 ; 
*as essayist, 1641 ; ns logician, 
5999, 6001 

Bacon, Bogcr, early chemistry, 59 
Bacon, choice, 1228, 3717; curing, 
2370 ; slicing machine. 3042 
Bacon beetle, classiflcatiou, 3511 
Bacoiier, feeding, 2369 
Bacteria, 6437, 6439 ; in butter and 
checse-makiug, 3553 ; and c(*ll 
life ; in cheese-making, 4492 ; 
classification and main cha- 
racteristics, 166, 6437 ; cultures, 
6438, 6439; Davis’s diagram of, 
277 : disease-causing, 6439,6.540- 
0543, 6780; evidence of conscious- 
ness, 3117; evolutionary agent, 
6781 ; in food, 3820, 3826, 5403 ; 
immunity from, 6542; inoriila 
tions, 6439 ; MetschnikotT's theory, 
953; in milk, 3534, 3821, 6441; 
nitrifying, 238, 256; reproduction, 
381, 6437, 6439 ; sew’age purifica- 
tion, 4742, 4744, 6541 ; water con- 
tamination, 4159,6440; in surface 
soil, 5273 ; see aluo Bacillus 
Bacteriology, dictionary of, 6545 ; and 
racial evolution. 6782; investiga- 
tion, 6438; terminology, 6437 
Bacterium, defined, 6437 
Bad debts, in bookkeeping, 1568; 
account, in balance-sheet, 2881 ; 
ledger, 3569 

Badger, 1764; skins, 6425, 6430; 

warning coloration, 2157 
Badger-softener, painters’, 5829, 5831 
Badger, in drain laying, 734 
Badges, die-sinking, 5529 
Baedeker guides, value of, 1812 
Bag and trunk dealing, 928 
Bagasse, use as pow’er Biel, 5127 

— in sugar manufacture, 3827, 4164 
Bagdad, city, 2353 ; trade, 2710 
Bagging machine, boot-making, 4434, 

4436 

Baggage, tonring : acc Luggage 
Bagpipes, Highland, 3400, 5059, 5060 

— Irish, 5063, 5064 

Bags, coaI-dealer*.s, cost, 1989, 1990 

— saddler’s side line, 4890 
Bahamas, islands, geography, 4178 
Bahr Ghazal, confluence with Nile, 3450 
Bahr Zeraf, branch of Nile, 3451 
Bailifl, farm, duties, 5287 

Bailing, extractifig oil, 3101 

Bain, A., psychological theory, 2014 ; 

work on emotions, 2694 
Bain-marie, cooking utensil, 1225 
Bakehouse : see Baker 
Baker, in ancient times, 3281 
Baker and confectioner, wages and 
capital, 46 ; trade of, 930 ; 
technical education, 031 ; barrow, 
2463 ; refreshment catering, 5582 
Baker heaters In trains, 3025 
Baker’s blower, principle, 168^ J687 
Baker’s oil -separator, water, 6764, 5765 
Bakers, employment conditions, 2655 
Bakery, model, 3394 
Baking, in cookery, 1487, 3314 
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Baking-powder, preparation, 4774 ; 

tartaric acid in, 4782 
Baku, Caucasia, oil region, 1164, 2719, 
6306; oil wells, 6000, 6011, 6014 
Bala, lake, N. Wales, 1277 
Balance, American clock, 5712, 5714 

— in architectural design, 2283, 2281 

— bunking, commission, 3482 

— in bookkeeping, 2601 ; ledger, 

1867 ; see also Trial balance 

— chemical, description, 61, 312 

— in design. 5819 

— petty cash book, 404 
Balance-sheet, relation to trial balance, 

2502 ; rent, rates and taxes, 
allowance for, 2882 ; of profit and 
loss account, analysis, 2755; doubt- 
ful debts, 2881 ; final form, 2757 ; 
businesses with branches, 3418; 
single entry, profit and loss, 3917 

bank, 4438, 4443 

company, 3189 

contractors’ business, 3420 

in part nership concerns, 2979 

Balance spring, watch, 0084 

— verge watch, 6081 

— wheel, verge w'atch, 6081 
Balancer, in three-wire electric supply 

system, 2246, 2247 
Baianinus glandium : see Nut-wcevil 
Bafamjglossus : see Worm 
Balas ruby : see Sjunel 
Balata, sources, manufacture, 5313 
Balnyeiise, in dressmaking, 187 
Baldness, catises, 4255 
Bale : see Basle 
Bale, of tobacco, 4274 
Bale-breaker, cotton, 1241 
Baleu, of crayfish, use, 3807, 3808 
Balfour, A. J., on matter and ether* 
935 ; philosophic w'orks, 2786 
Baling, in cotton, 388 
Baling press, 1223; for cotton, 390; 

hydraulic ram, 1220 
Ballnl, John, Scottish Pretender, 3074 
Balkan Peninsula, 2165, 2166, 2167 
Balks, for sea barriers, 4644, 4645 

— timber, 3542,3544; joints for, 4115, 

4116; test, 6266; transport, 4646 ; 
in trestles, 1173 
Ball-bearing, 964, 3328 

Iiub, construction, 4327 

worm-gear, 3925 

Ball-mills, cement manufacture, 1583 
Ball -0 iid-sockct joint, human, 1709, 
1710 

Ball trap, in drainage, 571, 672 
Ball-valve, pump, 1081 ; in cisterns, 
5629, 5632 ; water-waste pre- 

venter, 5631, 5634 
Ballad, Irish, poetry of, 2616 
Ballast, in building, 643, 647 

— in foundations of buildings, 332 

— in railw'ay construction, 3429, 3430 ; 

— of ships and steamers, 1089, 5402 
Ballast-bags, of balhxm, 3979, 3981 
Ballistite, manufacture, 6763 
Balloons, as means of transit, 2279, 

3979, 3981 ; military use, 6274 ; 
scientific observations, 3082 

— captive, uses, 3983 

— dirigible, history and problems, 2279 

— hot-air, construction and use, 3983 
Balls, Hoffmann, in tlnust bearings, 

4325, 432^ 

Balsam, classification, 353 ; pollen pro- 
tection, 1114 ; seed vessel, 910, 
911 

— Canada : see Canada balsam 
Balsam fir-tree, resin, 1034 

Balsam of Gilead, oleo-resin, use, 4909 

— Peru ; see Peru balsam 

— of tolu : see Tolu balsam 
Balsams, 1034 

Baltic flr and pine : see Scotch flr 

— Provinces, ceded to llussla, 6201 

— Sea, current, 558 ; gulfs, 583 ; Rus- 

sian ports, 24 (H> 

Baluchistan, British, 2818; ethnology 
1790 

Baluster, forms, 3241, 3247 ; con- 
struction, 5301 

Balustrade, iron. 3242, 3247, 5795, 5707 
Balzac, works, 3783 
Bamboo, cultivation and uses, 6724, 
6726, 6881 ; varieties, 855, 6724 
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Banana, 6881 ; African flora, 3276 ; 
bottling, 4846 ; classiflcatioii, 355 ; 
cultivation, 44Q3, 4876 ; market 
price, 2532; sale, 4844; in season, 
3531; staple food, 4876; West 
Indies, 2532, 4178 
Banana trifle, recipe, 2002 
Ban oclira, nlant, use of fibre, 818 
Ban rhea, juant, uses of fibre, 817 
Bailees, buttresses of gutta-percha 
trees, 809 

Band brakes, mechanism, 3128 

— military, pitch of instruments, 1058 
Bandeau stitch, milliners’, 4565, 4566 
Bandeaux, in niillinery, 5332, 5505 
Band-nipper, bookbinding, 6776 
Bandsaws, Moodworking, horizontal, 

5994, 5997, 6357, 6449, 6450 ; feed- 
ing devices, 5996 ; loading appli- 
ances, 5997; vertical log, 5996, 5997 
Bandsmen, navy, 4269 
Band-wheel, use in mining, 2845 
Banjo, construction and playing, 4310 
Bank accounts, bookkeeping, 1866, 
1966 

Bunk Act, objects and provisions, 4168 

— biKikkeeplng, 4438 

— cash book, use, 779, 977, 1468; 

entry of partner's drawings, 1570 

— clerks, 4587; wages, 44^161 

— credit without recourse, issue, 4294 

— drafts, foreign, 3683 

Bank of England, 4167 ; clearing 
accounts, 3972 

— oflicials, 4587 

— pass tiook, 778 

— rate, fluctuations, 4170 

— river and sea, protection from ero- 

sion, 5578, 5579, 5580 
Banka, inland, tin supply, 5308 
Banker, commercial functions, 3973 

— examinations, 4589 

Banker’s discount (explained), 1319 
Banket, in mining, 3770 
Banking, 3960, 4167, 4291, 4438, 4587 ; 
bank rate and discount rate, 4170 ; 
books, 4590; branch banks, 4171; 
j lcariiig liouse transactions, 3971 ; 
commercial functions, 3973 ; con- 
tinental branches, 4590 ; corre- 
spondence and inquiries, 4293 ; 
credit, 3970 ; deposits, 4107 ; dis- 
count, 4292 ; documentary bills, 
4295 ; examinations, 4590 ; future, 
4590 ; head office work, 4295, 
4438 ; Institutes of Bankers, 4589 ; 
interest, 4292; ledger loans, 4292 ; 
leinling at interest, 4167 ; loan and 
remittance, 4167 ; note issues, 
3970 ; overdrafts, 4202 ; jiass- 
books and paying-iii books, 1966 ; 
reiiiittunce business, 4293 ; securi- 
ties and ])eriodieal payments, 
4293 ; Scottish system, 1466,4291 ; 
valuables, custody, 4107 ; advice 
to depositors, 3482 
Bunking, in drain laying, 733 
Banking up, forge lire, 3107 
Banknotes, Bank of England, 4169 ; 
forgery i)recau lions and re-issue, 
4438 

— Scottish, 4291 

Jiankrupt, adjudication, 3750; jniblic 
examination and discharge, 3571 
Bankruptcy Acts, 1883, 1890, 3569 

— law of, 3569-3571 

Banks, arrangement of premises, 4589 

— branch, balance work, 4443 ; func- 

tion of, 4171 

— continental British branches, 4590 

— country, issue regulations, 4168 

— joint-stock, 4171 

— liabilities and assets, 4438, 4444 

— private, decadence, 4171 

— Scottish, 4291 

Bann, river, watershed, 984 
Bannockburn, battle of, 3075 
Bantam, fowls, 4660 ; breeding, 4859 ; 
varieties, 4958, 56*25 

— booted, points of breed, 4958 

— Pekin, points of breed, 4958 
Bantry Bay, comparison with Norwegian 

fiord, 980 

“ Baptism of Christ,” picture by 
Francesca, 3794 

Baptist Church, ministry, 162, 6602 


Baptistery, architecture of, 3089, 3090 
Bar, the (law), study and call to, 6746, 
6747 

Bar, use in mining shaft, 3457 

— bulkhead bending, 5739 

— of metal, bending process, 2987, 2988 

— reversed, of ships, bevelling and 

bending, 5738 

— splinter, leather trimming, 3622 

— test, limitations of use, 3961 
Bar-boy, of railway locomotive, duties, 

4593, 4595 

Bar-stays, in vertical boilers, 3099, 3105 
Bar-straighiener, use, 5214 
Bar-tack, in finishing pockets, 1551 
Barbados, cotton industry, 225, 383, 385 ; 

golden syrup manufacture, 3831 
Barbary States, geography of, 3279 
Barber, trade, 46, 1095, 3295, 3297 ; 

side lines, 3296 ; see also Hairdresser 
Barbcr-smrgeons, ancient practice, 1895, 
3295 

Barberry, classification, 352 
Barberry bark, sotirce and use, 6068 
Barberry blight, 1372. 1373 
Barbet, description, 2210 
Barcelona. Spain, capture by Earl of 
Peterborough, 4951 : manufacture 
and trade, 2234, 5823; touring, 1133 
Barcramp (tool), use, 3388 
Barffing (iron coating), 6577 
Bargains, law of, 6752 
Barge builders, employment conditions, 
2645 

Barges, dredging, 5336 
Barilla, form of soda, 842 
Baritone voice, characteristics, 6050, 
6 182 

Barium, chemistry of, 517, 3041, 4409; 
proportion in earth’s crust, 239 

— carbonate, in hardening stonework, 

3244 

— oxide, chemistry, 1041 ; use in glass 

manufacture, 813 

— sulphate, formation, 4032 ; precipi- 

tates, 4405, 4412 : see also Barytes 
Bark, dyeing, 5907 ; economic products, 
4658; medicinal, 0067, 6068; 

tanning, 1165, 6065 
Bark -beetle, wood destroyer, 3512, 3513 
Bark-mill, use, 3012, 3013 
Barker's mill, prototype of reaction 
turbine, 1692 

Barley, cultivation and yield, 873, 1229; 
climatic limitation, 4493 ; digesti- 
bility of, 3314 ; English growing 
counties, 874 ; European cultiva- 
tion, 855 ; fermenting, 3085 ; fung- 
ous pests, 1669; germination, 035; 
harvesting, 1663 ; as livesttX'k 
food, 2704, 2908; as poultry ftK)d, 
5435 ; Scottish yield, 874 ; world’s 
cultivation, 4874 ; dietetic value, 
3312 

— Chevalier, 873 

— meadow, weed, 883 
Barley-starch, micrograph, 5365 
Barley-straw, as livestock fcH>d, 2909 
Barley-sugar, production, 3652 
Barley-water, as infants’ ^ood, 4683 ; 

recipe, 2334 

Barlock typewriter, 1528 
Barm ; see Y east 
Barmecides, history, 2353 
Barn, in forming, construction, 2998 
Barnacles, 3806, 3809 ; attachment to 
vessels, 5260 
Barnet, battle of, 3603 
Barnsley, industry, 1272 
Barographs, 6131 

Barometer, aneroid, 1139, 1140, 6129, 
6130; in ballooning, 3980, 3982; 
in Riirvtjyiiig, 159 ; cistern, 0120, 
6130; manufacture. 0129; nier- 
cnrial, in determining heights. 592 ; 
Torricelli’s and modern forms, 
ii39, 6129; prices, 4995; relation 
to tidal height. 6219 
Barons' Wars, 3073: William Bufus, 
2*574 ; Henry 1., 2675 ; lUchard II., 
3250 

Baro-thermo-liygrometer, in balloon- 
ing, 3982 

Barouches, described, 2465 
Barque, type of rig, 5399, 5400 
Barqiieutine, type of rig, 5399, 6400 


Barrancas, description, 4176 
Barraque, used in shaft sinking, 3460 
Barratry, in marine insurance, 4854 
Barrt^, in banjo music, 4312 

— iu guitar playing, 5761 
Barrel, boiler, 3098, 6514, 6515 

— piers of boat bridges, 6266 

— of verge watch, 6081, 6082 
Barrener, in agriculture, 2238 
Barrett, Elizabeth : see Browning, E. B. 
Barretter, electrie, Fessenden’s, 3S98 
Barrie, J. M., novelist, etc., 2686, 3558 
Barrier lleefs, general account, 558, 3700 
Barristers, average income, 163 ; study 

and career, 0746, 6747 
Barrow, hand, construction, 2558 ; 
spring, 3328 

— in mineral extraction, 2847 
Barrow, river, Ireland, course, 1306 ; 

watershed, 984 

Bars, of boring machiucs, action, 5008 

— of brougham, 2830, 2831 

— engine cylinder connecting rod, 5641 

— geolc^ical formation, 1816 

— iron, rolled, shapes, 4638 

— lace loom, 4880, 4978, 4979 

— moulding, 5298, 5299 

— in music, explanation, 40 

Barter, early system of trade, 145, 3969 
Bartolommeo, Fra, painter, 3790 
Barton, i)r., air-ship, 2279 ; aeroplane, 
2280 

Barwood, in dyeing, 5906 
Barylite, characters, 6732 
Baryta : see Barium oxide 
■ — glass, recipe, 4533, 4736 
Barytes, chemistry of, 1041, 6732 ; in 
rubber manufacture, 5203 ; Shrop- 
shire deposits, 2379 

— paint, manufacture and use, 5143 
Basalt, classiflcatioii, composition, 

occurrence, 528, 635, 1008, 1009 ; 
jointing, 1925 

Basaltinc stone, concrete, 534 
Bascule bridges, 828, 2886, 2887 
Base, iu cliemistry, 59, 240, 839 ; state 
in solution, 4407 

— in logarithms, 6500 

— of triangle, 285, 4330 

— pigment, kinds and uses, 5832 
Basebed, quarry bed, 2836 ; stone, 533 
Baseboard, in duplicating, 1098 
Base-line, in surveying, 159, 594, 1018 ; 

in mine surveying, 804 ; of Ord- 
nance Survey, 1145 
Base-plate, of columns and stanchions, 
area, 5791 

of crane, casting, 2111, 2113 

Ba.scl : see Basle 
Basic slag as manure, 590 

— steel : see Steel 
Basil, class! fleation, 354 

Basiliar membraue of car, 2534, 2535 
Basileiis (Ureek noun), declension, 5055 
Basilica, in architecture, Boman, 2932 ; 
in C'hristian worship, 3089 ; in- 
fluence oil Romanesque architec- 
ture, 3231 

Basket-makers, employment condi- 
tions, 2656 

Basket -making, 5488, 5489, 5561 
Basket-worm, larvte, 3515 
Baskets, 5488, 5564 ; cane, ,5563 ; 

dress baskets, 929 ; double-lid, 
manufacture, 5563 ; fancy shapt^i, 
5564 ; flat fruit, 5563 ; green- 
grocer’s, cost, 2870 : oval, 6563 ; 
Parker’s patent, 5563 ; round, 
5489, 5490 ; square, 5561-5564 
Basle (Ba.sel), trade, silk manufacture, 
1837, 1839 ; touring, 946, 1811 
Basoues, ethnology, 1790 ; nasal index, 
1786 

Bass, brush fibre, 6106, 6107 
Bass, musical instrument, 2745 

— figured, in musie, 631 
Bass-bar, violin, 2122, 2123 

Bass clef, explained, 38 ; use iu trans- 
posing, 1060 

Bass clarionet, structure, use, and 
score, 4786, 4790, 5730 
Bass-drum, 5567 

Basset horn, structure, use, 4790, 6730 
Bas.siiiette, basket work, 5564 ; hood 
construction, 3623 ; trade In, 926 
Basso, ill singing, 6050, 6182 
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Bassoon, construction, use and playing, 
4896, 4898, 5887, 589S \ manufac- 
ture, 6624 

— double, compass, 5730, 5781 

Bast, description and functions, 169 , 170 
Bast -fibres, flax, use, 85:1 
Baste, in tuiloring, 3014 
Bast inn. Dr. Charlton, experiments on 
sulphur and living matter, 1444 ; 
on origin of life, 2030 
Basting, in dressmaking, method, 101 ; 

stitch, inilliner’s, 150, 4565, 4566 
Bat, plate facing 1491, 1768 ; flying 
apparatus. 2087, 2038, 2155 ; as 
pollen carrier, 730 
Bat-engine, structure, 1996, 1999 
Batching, in cotton manufacture, 1242 ; 
of pile fibres, 1889 

Bateson, biologist, on “ Discontinuous 
Variations," 1181, 1484 ; on liere- 
dity, 1760 

Bath, in technical drawing, 5165, 5349 
Bath-coating, flannel, use, 3094 
Bath-metal, properties, 3940 
Bathstone, distribution, varieties, 533 
Bathing-gown, child’s, 4476 
Bathniic theory of evolution, 652 
Baths, children’s, 4864, 6288 

— medicated, 6283 

— outlet and overflow, 5684 

— plunge, swimming, and shower, 4250 

— Turkish, 1896 ; use, 4255 

— varieties and uses, 6287 

— zinc, in laundry work, 2476 
Bating, in Ic^ither manufacture, 2356, 

8010 

Baton, in music, conductor’s, 5892 
Batt frame, in felt manufacture, 1996, 
1999 

Batten, of brougham door, 2829 

— drawing apparatus, in ship drawing, 

5610 ; see also Curves 

— frames, in seasoning linoleum, 5125 

— of liand l(Hmi. 3492 

— in iioldiiig boards together, 3844, 

3845, 8847 

— in joinery, 5296, 5299 

— timber, size, 3544 

Batter, implement, use, 3255, 3256 
Batters, in cookery, making, 1580; 
for fried fish, 1873 

" Battersea Bridge," Whistler’s picture, 
4302 

Battery, electric, 402, 464 ; energy, 
467; discoveries, 129, 180: see 
also Cell 

— storage : see Accumulator 

— telegraphic. 5585 

— telephone, 5682 

Batting, in cotton manufacture, 1386 

— machine, in pottery manufacture, 

5233 , 5234 

Baudot type-printing in telegraphy, 
5394, 5395 

Bauxite, 5989, 6733 ; aluminium ore, 
359, 5756, 5989 ; for glass-cutting 
wheels, 4932 ; refractory material, 
3941 ; source of alum, 4780 
Bavaria, political condition, 1974 ; beer 
consumption, 3377 
Bay oak, timber, 56 
Bay rhtim, reciiie, 4972 
Bay salt, source, 1600 
Bayeux tapestry, 715, 3234 
Bayonet engine : se^ Semi-girder engine 
Be, to: see Auxiliary verb 
Beach, tidal formation, 1813 ; marine 
deposit, 1814 

r^cacons, eonstniction and use, 6498 
Beaconsfleld, Lord, novels, 3440, 3441 
Bead, in joinery, 5179, 5181 in mould- 
ing of panelled door, 5180, 5181 ; 
stop mitred, 5183, 5186 
Bead tools, 2457, 2458 
Beading, in boiler work, 3101, 3107 
Beads, glass, manufacture, 4931 
Beak, of bug, 3364 

— of flsh-eating bird, 2493 

— of smith’s anvil, 2983, 2985 

Beak -iron of anvil, 3107, 5321 ; see also 
Mandrel 

Beaker, goJdsmi thing, 5687, 5690 
Beakers, chemical, 4407, 4412, 4998 
Beam, carrying capacity, 1987, 1988 ; 
stability, i984, 1987 ; strength of, 
2197, 2199, 2200 
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Beam, of bfirqne, 6400 

— braced : see Braced structures 

— In carpentry, flit«hlng and trussing, 

4639, 4641 

— deck, erection, 6742 

— of engine frames, load calculation, 

4206 

— engine, 828, 6748 

— in leather manufacture, 2854 

— in reinforced concrete construction, 

1648 , 1645 

— roof, 4247, 4249 

— of ship, 5741, 6223, 6673 

— of steamer, 5402 

— in weaving cloth, 8686 
Bcam-har, of ship, 5741 
Beam-bending machine, of ship, 5741 
Beam-compass, in plotting surveys, 870 
Beaming, in textile weaving, 3491 
Beam-knees, of ship, 5741, 5742 
Bean, common, varieties, uses, culti- 
vation, 874, 1230, 4962 ; as rattle 
food, 874, 2908 ; culture, 6678 ; 
dietetic value, 8812 ; digestibility, 
8814 ; as livestexjk food, 2704, 
2008 ; English cultivation, statis- 
tics, 874 ; harvesting crops, 1668 ; 
market garden returns, 6886 ; nutri- 
tive value, 3381, 3599 

Bean-meal, cattle food, 2908, 3892 ; 
poultry food, 5486 

Bear, plate facing 1491, 1764 ; aggres- 
sive coloration, 2157 ; skins, 6426, 
0430 

Beard, Dr., evolution theory, 1180; 

on real facts of heredity, 1815, 
Beards, evolved for courtship, 2157 
Beardsmore armour plate, 4750 
Bearers, in printing, 5867 
Bearing, in architecture, definition, 1984 

— engine, 4425, 4427 

— in surveying, calculation, 368 ; 

vitli cross-staff, 263 ; finding, 
265 ; with prismatic compass, 266 ; 
reduced, 369 ; in iacheonietry, 711 ; 
by theodolite, 267 ; in traversing, 
867 

Bearing-metal, composition, 3941, 6162 
Bearing-plate, railway, 8432 
Bearing-rein, of harness, dimensions, 
4886 

Bearjng.s, of machinery, principles, 208 
Bearings, ball, 9641, 4327 

— bronze alloy in, 860; centring, 36’ 89, 

3692 ; cycle, type's and adjust- 
ment, 3778 ; eccentric, construe- 
tion and action, 4326, 4828; 

engine, in drawing, 4201, 4208, 
4205 ; plain footstep, 4325 ; roller, 
construction, 964, 4827 ; shaft, 
various types, 3263 ; swivel roller, 
construction and use, 4329 ; wag- 
gon, roller, 4328 
Bearnaise sauce, recipe, 2004 
Beat, in music, 40 
Beaters, in churning, 4279 

— in paper-making, 6282 
Bcattock, height, 1066 
Beaufort phaetons, 2464, 2466 
Beaumont, Francis, dramatist, 846, 

847, 849 

Beauty, place and influence in life, 180 
Beaver, 1762 ; diversion of water 
channels, 1814; .skins, 6426, 6480 
Because, conjunction, derivation, 1337 
Bechiianaland, ethnology, 1790; geo- 
graphy, 5660 

Becker's electric furnace, 4533 
Becket, Thomas h, shrine at Canter- 
bury, 326 ; influence on wars be- 
tween Stephen and Matilda, 2676 ; 
quarrel with Henry II., 2913 
Becquerel rays, discovery, 4104 
Bed, in geology, 2376 ; detecting, 528 

— invalid’s, 6174, 6176 

— of lathe, types, 4912, 49U 

— of machinery, general account, 205 

— in slating, 4866, 4867 

— of steam engine, with self-contained 

bearings, 5911 ; semi-girder, 5912 
Bed-bath, description, 5491 
Bed-charge, in cupola furnace, 2862 
Bedding, in building, slate, 530; of 
building stone, 1838 

— in geology : see Stratiflcatioti 

— manufacture, 6720 


Dam— B elE 

Bedding-in, moulding process, 2458 ; 

moulding box used, 2697 
Bede, the Venerable, 1608 ; Alfred the 
Great translates works, 2356 
Bedeguar, cause, 3722 
Bedfordshire, geography, 1273 
Bedmaking, method, 1004 
Bedplate, engine, in drawing, 4201 \ 
marine, 6295 

Bed-room, air analysis, 3801 ; cleaning 
and maid's duties, 1004 ; ventila- 
tion, 4390 

Beds, in mining, proving deposits, 
2666, 3307, ’8310 

— under-carriage, construction, 3126 
Bedsores, causes, treatment, 6175 
Bedstead makers, employment condi- 
tions. 2646 

Bee, varieties, 3723, 5957 ; devices to 
obtain nectar, 1114, 1115 ; egg.s, 
5957 ; larva', 3723, 5957, 5963 ; as 
pollen carriers, 731 

— gregarious, liabits, 3723 

— honey, 3723, 3724, 5957 ; diseases, 

5963 ; w'ax : see Beeswax 

— humble, nlate facing 3361 
Bee-catcr, classiflcation, 2211 
Bee-keeping, 5957-5963 
Bec-hoiise, liablts, 3512 
Bee-nest, symptoms, treatment, 5963 
Beecii, tree, classiflcation, 355 ; culture, 

4678 ; distillation products, 5466 ; 
rate of growth, 4676 ; husk, 
function, 1116 ; pests, 4926, 4927 ; 
timber, 56, 1260 

— wood, originated by natural regen- 

eration, 4679, 4680 

Beef, carving, 5935, 5936 ; choice, 1228 , 
3717; cutting up, 1429, 1432 : 
digestibility, 3314 ; dressing and 
canning, 5119; nutritive value, 
8599 ; roasting, 1487, 1737 

— miroton of, recipe, 2336 

— salad, recipe, 2004 

Bi'ef-tea. food value, 8881 ; how to 
make, 8318 

Beegerite, characters, 6788 
Bee-hive, 5960 ; as sociological type, 
5248 ; ventilation, 4020 
Beer, adulteration, 3718 ; alcohol in, 
1035, 2880 ; brewing, 6057 ; con- 
sumption, 3377 ; fining, 6230 ; 
licences, 5790 ; water for, 6059 
Beerhouse, trade, 3735 
Beesting, remedy, 5958 
Beeswax, 1038, 4884 ; manufacture, 
4834 ; use, 5120, 5860 
Beet, 942 ; classification, 854 ; sugar 
inamifacture, 3627, 4160 

— sugar: see Sugar, beet, and Sugar- 

beet 

Beet-fly, in beetroot. 4048 
Beethoven, L. van, study of, 2023 
Beetles, 8362, plate facing 8861 ; pests, 
1666, 1667, 3512, 4926; meta- 
morphosis, 3510 
Beetling, linen, 4345 
Beetroot culture, 6678 ; market garden 
returns, 6836 

Begging the question, in logic, 6100 
Begonia, 353 ; culture. 6489, 6492, 6581 
Behn, Mrs. Aphra, flctioti works, 2963 ; 

Southerne’s plays, 1150 
Behring’s Straits, ethnologj’, 1789; 

width, 4061 
Bel, Assyrian god, 501 
Belemnlte, fossil, 620, 621, 897 
Belfast, industries, 1025, 1365, 1366 ; 

trade, 6006 ; water supply, 4027 
Belga;, and Jidius Ciesar, 2948 
Belgian granite, plate facing 481 
Belgium, architecture, 8374 ; beer con- 
sumption, 8377 ; coalfields, 1835, 
2378, 5302, 5304 ; coins, weights, 
and measures, 409 ; Dutch trade, 
5826 ; forestry, 4603 ; French 
trade, B824 ; geography, 1885 ; 
history (to 1385), 2948, 4398; 
Indian trade, 5381 ; industries and 
manufactures, 1815, 5825 ; iron 
manufactunni, 1835 ; meat con- 
sumption, 3381 ; population, 3, 
628 ; Spanish trade, 5823 ; trade, 
5825 ; travel in, 394. 713, 714 
Belgrade, history, 6447 ; touring, 1250, 
2107 
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Belief, contrasted with linowledge, 2b 
ilcll, Graham, telephone, 5680, 568 i 
Bell animalcule, 40SS, 4089 

— church, imitation in orchestral 

music, 5734 ; riiiKinR, 5571 

— crank, in bclBhanging, 5795, 5799 

— lever, forging, 2987, 2988 
~ electric, coll, 464, 495 

— hanging, system, fittings, 5799 

— metal, 3940, 6309 ; physical data, 

1396; strength, 13116 

— musical iustrumont : nee Bell-ringing 

— notes, in guitar playing, 3765 

— pull, forms, 5799 

— linging, hand and steeple, 5571 

— - skht, 801, 892 

wire, fixing, 5799 

Belladonna, 6881 ; standardisation, 
4009; poisoning by, 4010 ; see also 
Atropine 

Belle Isle route, for (.’aimdiaii tourists, 
1649 

Belles-lettres, defined, 2139 
Bellied jibs, in cranes, 542 
Bellini, Gentile, and Giovanni, painters, 
3795 

Beilis compound engine, 5750 
Bellows, foot, in chemistry, 4415, 4419 

— in foundry work, 2545 

— organ, function, 3857 
Belshazzar, son of Nabonidos, 20, 502 
Belt, chain, drawing, 4002 

- conveyer, in cement manufacture, 
1854 

— drive, pulley, caleulatious, 3424, 5429 

— driving, materials, size, speed, i»ower, 

tension, 3208 

— flannel, use in dress, 4529 

— leather driving, 3531, 5552, 5555; 

leathers used for, 37/2 ; mauiifac- 
ture, 3715-5715 ; relation to pulley, 
3533 ; slip))ing, 3533 ; strengths, 
1701,3532; transmitting power, 
5552, 3533 ; veloeities, 3532 

— Jink, power transmission, 5354 

— ma(!lnne, open and crossed, 5427 

— manufacture, 3162, 3715; scope of 

trade, 3531, 3712 

— shaft, 5363, 5354 

— substitute for trusses, 5493 

lliiniim ill firoaart-iu L'itirr 1H' 


— power transmission by, 5353 
Belucliistaii ; see Balucliistan 

“ Belvedere Apollo " statue, realism, 
2930, 2951 

Benares, India, industries, 2821 
Bench, carpenter’s, 3385, 5387 

— titters’, use and kinds, 3988, 3690 
Beneb-hook, use, 3386 

— marks, in surveying, 158, 372, 1140 ; 

trustworthiness, 375 

— rammer, use, 2457, 2458 

Bend, in eoppersmithing, 3884, 3886, 
5887 

hendiiig-bloek, in coppersmitliing, 
3884, 5885 

Bending, in forging, 2987, 2988 

— maehiues, liydraulic, 1223 

— nioment, in beams, 1984, 1987 ; 

beams and girders, 2197. 2199 

— ill plating shop, 5099, 3097 

— rolls, in boiler-making, 5099, 5100 

— in sheet-metal work, 4521 
Bengal, province, India, 2822; cotton 

statistics, 384 ; products and 
trade, 5380, 5381 
Benguela cotton, streiigtli, 1701 
Benjamin : see Gum benzoin 
Benson, A. C., ** From a Gollegc 

Window,” criticism, 2686 
Benzaldehyde, manufacture, 3818, 
5486 ; use in perfumery, 4971 
Benzene, chemistry, 1164, 3708 ; colour 
material, 5953 ; derivatives. 3709, 
6766; Faraday’s discovery, 949, 
6824; preparation, 2711, 5461, 

6147 ; rectifying, 5492, 5463 ; uses, 
5148, 5463 

— ring, graphic formula, 3708 ; alka- 

loids Bubstitutlon products, 3824 
Benzine : see Benzoline 
Benzoic acid, chemistry of, 3700 
3818 ; reagent and test, 4411 


Benzoin, gucj benjamin, 810, 4969, 
6881 

Benzol : see Benzene 
Benzoline, production and uses, 1164, 
6148, 6329 ; sale, 4059 
Beiizupurniirinc dyes, 5954 
Benzyl alcohol, fcirmula, 3818 

— acetate, use in perfumery, 4971 
Berbers, ethnology, 1790 ; in Morocco 

and Algeria, 3279, 3280 
Bergamiol : see Bergamot oil 
Bergamot, oil expression, 4969 
Bergamot oil, source, 5469 
Bergen, fishing port, 161 
Berkefeld ttlters, advantages, 3380 
Berkeley, G., philosophy of, 2054, 6468 
Berkowitz, measure, 410 
Berkshire pig, 2595, 2368 
Berlin, communication and industries, 
1979 ; tourists’ description, 857 
Berlin black, preparation, 1163 

— wool shops, trading, 1095 
Iterm, in railway construction, 3430 
Berri, iiioasurc, 410 

Berrv i)omcroy marble, 533 
Berthelot, Marcelin, f<KKl-tablefs, 203 ; 
founder of synthetic chemistry, 
2711 ; petroleum formation hypo- 
thesis, 5915; syntheses, alcohol 
and acetic and formic acids, 2711 
Berwjck-on-Tweed, “ county rights,” 
vl6 ; Kdward 1. captures, 3074; 
situation, 1066 
Beryl, precious, 5855, 6733 
Berzelius, dual theory of chemical 
eonstitiition, 4407 ; on synthesis 
of organic products, 2711 
Besant, Walter, novelist, 3442 
Bessemer, Sir Henry, inventor of 
Bessemer process, 1045, 4907 
Bessemer converter, construction and 
working, 233, 234, 1045, 2S64, 

4908 ; use in copper reduction, 4127 

— pig-iron, 232 

— steel, production and use, 234, 1045, 

4907. 4908, 4909 ; iiifiuence on 
maehinery design, 209 
Beta-naphthoi, use in dyeing, 5955 

— solution for bees, 5961, 5962 
Beta-rays of radium, size, 2028, 2029 ; 

ultimate units of matter, 2395 
preventing disease 

;o 

Betula : see Birch 
Between-maid, duties, 1005 
Bevel, in joinery, 4115 ; mason's tool, 
2837 ; use, 3386, 3387 ; measuring 
tool, 4701, 4705, 4706 ; in techni- 
cal drawing, 3922, 3955 

— gears, foundry ladles, 2895 

— wheel, casting, 2337, 2539 ; mould- 

ing machine process, 2543 
Bcvellers, saddlery, 4784 
Bevelling machine, in stereotype foun- 
dry, 5556, ,5557 

Beverages, adulteration, 3718 ; dietetic 
value, 3314, 3377 ; recipes, 2333, 
2334 ; temperance, 3379 ; see also 
specific naines — e.g.. Alcohol, Cocoa, 
Tea, etc. 

Bewick, wood-engraver, 6291 
Bhang (Hashish), narcotic, 718 
Biuitan, state, government and race, 
2822 

Bias, political, social, and theological, 
Spencer’s views, 4121 
Bib-cock, use with service pipes, 5029, 

5 33 

Bible, ancient poetry, 304 ; Kastern 
influence, 667; 16th century 
influence on England, 1640 ; En- 
glish versions, 1639 ; predomin- 
ance of Anglo-Saxon words, 1771 
Biceps, 1350, 1351 ; of arm, 1712 
Biehir, fish, classification, 3066, 5097 
Bichromate of potash : see Potassium 
bichromate 

Bicuspid, human, 576, 578, 1905 
Bicycle, types, construction, 2095, 3773 ; 
accessories, 2095, 3770 ; books and 
periodicals, 3908 ; brakes, 3128 ; 
driving gear, 5354, 6682 ; hiring, 
2095 ; as means of transit, 21 53 ; 
plating, repairing, 2095 ; trade in, 
2093 ; tyres, waste, 5309 


Bicycle dealers, business of, 2093 

— uoipr : 4ee Motor-bicycle 
Biennial plants, defined, 728 
Bigotry, in religion, 5532 

Bile, action on food, 675 ; cause of 
jaundice, 5842 ; formation, 580 
Bile-duct, definition, 102; uses, posi- 
tion, 579, 579, 580 
Bilge, of vessel, form, 5609 
Bjlge-blocks, in shipbuilding, 5736 
Bilgram, bevel-gear cutter, 3631 
Biliousness, cause, remedy, 580, 5842 
Bill of Attainder, practice and effect, 
3832 

— book, in bookkeeping, function, 

778, 1319, 1520 ; loose-leaf, 6521 

— brokers, bills of exchange, 1318 ; de- 

posits and interest, 4590 ; foreign, 
3682 

— discounting, 4292 

— of exclmiige : see Exchange, bill of 

— of lading, 0362, 6806 

— l)osting, 6860 

— of ijuuntities, architect’s and 

builder’s, 1910, J911, 6505, 6342 

— registers, bank bookkeeping, 4442 
Bilh't, harness, dimensions, 4886 

— in tube manufacture, 5322, 5323, 

5524 

— in wire manufactiire, 5167 
Billiard players, professional, 6870 
Billingsgate, llsli-sale, 5316 
Billion, explained, 89 

“ Billot,” in feeding chickens, 5093 
Bills, private, before Parliament, regu- 
lati«>ns, 1237 

— aeeeptunce by banker, 4293 

— discounted, bank bookkeeping, 4440 

— returns, bank bookkeeping, 4444 
Bills of Exchange Act (1882), provi- 
sions, 1317 

— see also under Exchange, etc. 

Bin, in cement inaniifaeture, 1853 
Binder, baby’s, 3744, 3745, 4683 

— in floor construction, 4445, 4447 
Binding of books : see Bookbinding 

— of brick walls 2168-2178 

— in carpet manufacture, 4341 

— in dressmaking, materials for, 185 ; 

for skirt , 656 

— in textile industries, 3154 
Bijulweed, perennial weed, 504, S83, 

junoimui, 111 aigeora, iei» ; cuoe ot, 
2150 

— nomenclature in botany, 136 
Binoxalate of pota.sh : see Antimony 

potassium oxalate 

Bio-chemistry, meaning and scope, 271 2 ; 
principles of, 4132 

Biogen tlieory of molecular catalysis, 
4135 

Biogenesis, in biology, explained, 28 
Biography, bibliography of lOtli cen- 
tury, 2617 ; importance in 19th 
century literature, 2309 
Biology, definition, scope, subdivisions, 
27, 95, 134, 357; acquired charac- 
ters, 485 ; animal and vegetable 
kingdoms compared, 275 ; b(K>ks 
on, 1785, 5422, 5817 ; dictionary of, 
32 ; evolution ; see Evolution ; 
forms of living matter, 275 ; 
glossary, 32 ; homology and 
analogy, 379 ; conditions of plant 
life, 503 ; reproduction, 381, 484 ; 
vegetable kingdom, 275 

— see also specific subjects — e.g.. An- 

thropology, Evolution, Geology, 
Heredity, etc. 

Biotite, mineral, 768, 6733 
Bionomics, meaning of term, 138 
Bipinnaria larva, of starfish, 4082 
Birch tree, 355, 6881 ; acetic acid yield, 
5465 ; bark as tanning agent, 3013 ; 
limber, 59 ; in scaffoldiuH, 1170 ; 
strength, 1260 ; in vehicle con- 
struction, 2827 

Birch-weevil, egg-laying, 3513 
Bird of paradisic 2210 ; plate facing 
2209 

Bird cherry wood, use, 67 
Bird’s-eye maple, timber, 67 
Bird’s-eye tobacco, manufacture, 4373 
Bird's-foot trefoil, 8SJ ; cross pollination, 
732 ; flowers, seed statistics, 940 

6911 
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Bird-spider, 3805 

Birds, general cliaracteristics, 29, 30, 
2209 ; blood corpuscle, 953 ; 
bl(K)d temperature, metabolism, 
439 ; bones, construction, 436 ; 
brilliant plumage, plate facing 
2200 ; circulation and respiration, 
2155 ; classification, 2209 ; cloth- 
ing, colour, courtship, 2505 ; diges- 
tive process, 578, 2493 ; eggs, plates 
bettceen 2594 and 2595 ; feaihera, 
2495, 2496; food, 2493; in hat 
trimming, 5506 ; movement and 
adaptation to flight, 2494 ; nesting 
habits, 2506 : nests, plates between 
2594 and 2595 ; orders, 2155, 
2209 ; ornaments in dress, 6608 ; 
as pollen carriers, 729 ; protection 
against cold, 2505 ; as seed carriers, 
912 ; stuffing, 6326, 0327 ; trade 
in : see Animal and Bird Dealing ; 
toothed, 2214 

Birdsmoiith joint, of lean-to roof, 4247, 
4249 

Birmingham, afforestation, 4603 ; in- 
dustry, 1274 ; sewage purification, 
4742; toy trade possibilities, 641 

— U.S.A., steel manufacture, 4174 
Birrell, Augustine, as literary critic, 

2785 ; advice on reading, 4577 
Birth, physiological definition, 96 
Birth-rate, decay, 4667 ; psychological 
importance, 3120 
Bis bigliamento, harp, 3529, 3530 
Biscuit cutters, 3596, 3597 

— factory, plan, 3598 

— firing, in jiottery manufacture, 5230 ; 

application of colour. 5383 ; 
English china, 5606 

— forcer, continuous, 3590 
Biscuits, Englisli trade (future), 1156 ; 

hand made, 1 1 55, 3597 ; manufac- 
ture, processes and inacluiiery, 
3592, 3593 ; rccij'es, 2333 ; packing, 
3598 

- In rubber industry, preparation, 5047 
Bisection, in geometry, definition, 4208 
Bismarck, Prince (German history), 
6445 

Bismarck brown, dye, 5953, 5954 
Bismuth, 1162, 4307, 6773 ; alloys 
(table), 360, 3941 ; extraction and 
refining, 4307 ; a metalloid, 240 ; 
occurrence and use, 362, 839 ; pro- 
perties, 1396, 1397, 3837, 3839, 
4244, 4307 ; reagent and test, 
4408 ; strength, 1396 ; symbol and 
atomic weight, 517 
Bison, distribution, 628 
Bit, harnessniaker’a, varieties, 4885 

— see also Chisel 

— soldering iron : see Soldering iron 
Bitter almonds ; see Almonds 
Bittern, classification, 2213 
Bitterspar, 768, 6733 

Bits, tools, varieties and forms, 3386, 
3387, 4203, 4479, 4481 
Bitumen, Recurrence . and use, 1163, 

C1UiaiV/t| VfM, Vf , un 

1952; pigment. 871 ; weight, 1704 
Bituminous coal, 1163 
Bituminous substances, Hatchett’s 
classification, 6010 

3113; 

tnn'T 

iment, 1159 
y, geography, 1274 
ition process, 4770 

— dyes, 5905 

— Hole of Calcutta, 6649 

iMtiur. niiu preparation, 
symbolism in art, 725 ; 

— pottery colour,* preparation, 5382 

— quarter, in cattle, 2622 

— Sea, Russia, 668, 2406 

— spruce, timber, 55 

— wash, in laundry work, 2545 ; in 

moulding pipes, 5319 
Blackband, iron ore, 1044 ; composition, 
4466 ; distribution, 231 
Blackbeetle, description, 3363 
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Blackberries, for Jam, 4847 ; for pre- 
serving, 4846 ; in season, 1532 
Blackberry, growth, 504 
Blackbird, cTassificatioii, 2210; nest, 
2506, plate following 2496 
Black-currant pulp, source, 4846 
Black earth, formation, 1815, 2408 
Black-faced sheep, 2362, 2303 ; wool, 
72, 221 

Blackgame, in season, 1531 ; shooting 
period, 4712 

Blacking, boot, constituents and recipes, 
5150; charcoal in, 1 1 57 

— in bootmaking. 4545 
Blackleading, in foundry work, 2545 

— in electrotyping, 6559 
Blacksmith, employment conditions, 

2645 

— navy, service. 4265, 4269 
Blackstone, Sir Wm., law'yer. 2141 
Blackwall tunnel, driving. 3462 
Blackwater, river, watersiied, 984 ; 

course, 1367 
Bladder, human, 1002 
Bladder campion, defence against bees, 
1114, 1115 

Bladder-worm, description, 3960 
Bladder-worts, carnivorous, 507, 508 
Bladder-wrack, description, 1368, 1309 
Blade, of leaves, structure. 109, 170 

— penknife, manufacture, 5474, 5475 

— table knife, manufacture, 5476 

— scissors, smithing, 5478 
Blades, in brickmaking, 1284 

— of centrifugal pumps, 1687, 1688 
Blake sewing machine, in bootmaking, 

1328, 4542, 4544 
Blandite, artificial rubber, 5309 
Blank verse, English, 306, 328 
Blankets, washing, 2688 
Blast, of furnace, 4468 ; action, 4470 

— furnace, 231, 232, 1044 4125\ Cleve- 

land and Pittsburg types, 4470 ; 
cupola, 4909 ; hoist W'uys, 209 ; 
lead smelting, 4303, 5986 ; modern 
and old English types, 4467, 4469, 
44^ ; use of slag from, 639 
gas, 6818, 6829 

— pipe, trunk, in brickmaking, 1283 
Blasting, for brick clay, 1282 

— gelatin, making, 6762 

— in mining, process and implements, 

2584 ; explosives, 2587 ; quarry 
work, 2955 ; special, 2957 

— pipe, locomotive, 6514, 0515 

— in railway construction, 3175 

— in well sinking, 4028 

Bleachers, employment conditions, 2651 
Bleaching, in dyeing, 6197, 6198 

— in laundry work, 2912 

— liquor, electrolytic, 3262 

— powder, 1041 ; in glue manufacture, 

5359 ; manufacture, 4777, 5750 
Blende, 1042, 5754, 6733; lead 

extraction, 5755 

Blended inheritance, explained, 652 
Blending, in w'ool manufacture, 1125 
Blenheim, battle, 4951 

iMignt : see I'lam lice ana Apiiiues 
Blind arch, in architecture, 3231, 3232 

— spot, of the eye, 2402, 2403, 2954 

— worm, claHsiftcation, 2678 
Blindness, infant's, cause, 4684 
Blinds of brougham, 2829, 2831 
Blister beetle, description, 3512 
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— ill masonry, working cylindrical, 

3037, 3040 

— printing, textile, 4499, 4500, 6724, 

6725 

— _ T\1iiTv.tviai« frk ViVo/tlrnf SO/iS 

3269 

— of pulley, 684, 688 

— silk hat, 6154 

— stone, in sculpture, roughed out, 

1070 

— tin, long account, 368 

— in-course work, in masonry, de- 

fined, 1462, 3035, 3036 
Blockers, in mining, work of, 2056 


Bird— Boar 

Blockhouse, military constructiou,6721, 
6722 

Blocking press, in bootmaking, 4642 
Blocks, half-tone, making, 6482, 6485 

— line, 6482, 6484 

— linoleum printing, 6125 

— packing, in timber bridges, 4642, 

4043 

— in ship launching, 6923 

— wood engraving, 6291 

— terra-cotta, in building, 2780, 

2782, 2783 ; strength, weight, 1520 
Blondlot, Prof., ii-rays, 243)1, 3181, 
3943 ; p olarisability of Rdiitgeu 
rays, 4092 

Blood, alkalinity and katabolism, 3010 ; 
composition, 955 ; coagulation of, 
954 ; corpuscles, 952, 954, 6037 ; 
corpuscles, white, 963, 6037 ; 

potential chemical energy in, 401 3 ; 
diseases of, 6037 ; heat in birds, 
reptiles, fisiies, and mammals, 30 ; 
heat, 052 ; respiration changes. 
1302 ; nutritive agency, 865 ; 
jioisoning, function of lymphatic 
glands, 1196 ; caused by impure 
air, 3800 

— circulation, 952, 1192; in brain, 2147; 

and tile kidneys, 1602 ; liver 
action, 680 ; physiological neces- 
sity, 06 ; in vertebrates, 29 

— vessels, human, diseases, 6036 ; 

structure, 955 ; changes accom- 
panying psychic plieiionieua, 2694 

— rain, phenomenon, 1500 

Bloom, iron, in puddling process, 232, 
4467, 4635 

Blotting paper, manufacture, 1167, 6400 
Blouse, in dressmaking, 478 ; cutting, 
479, 863 ; ironing, 291 1 ; making, 
522 ; quantities of material, 186 ; 
yoke blouses, 477 

— American, 477, 479, 622; girl’s, 

cutting out, 4473 

— boy’s, 4190 

Blower, shaft bearings, 962 ; pneumatic, 
1808 

Blow-fly, ralliphora, 3721 

— holes, in metal castings, 208, 2545 ; 

cause and detection. 3962 

— whale and porpoise, 2039 

— pijie, of bagpipes, 5059, 5062 
in cliemieul analysis, 4406, 4415 ; 

dentist’s, 6028, 6029 

metal-workers’, 5521 

oxy-aeetylene and oxy -hydrogen, 

6453 

soldering, 5503, 5525 

— up pan, in sugar refining, 4451 
Blubber, physiological value. 3480 

” Blue Boy,” Gainsborouglrs picture, 
4393 

Blue lias formation, lime from, 647 

— alizarine, source, 5468 

— cobalt compounds, 5985 

— colour, kinds and noanufacture, 5144 

— laundry, 2477 

— Hcrbt.. Hv'wnor. 5905 

Blue Mountains, 3697, 4178 

— pennant : see Bristol iieimant, 

— pigments for palette, 871 ; symbol- 

ism, 725 

— pottery col 


— DricKs. 044 ; lor loot-patiis, 24:to ; 

safe load on, in cement, 1510 
Bluing, in laundry work, 2680 
Blues, in agriculture, 2909 
Boa, climbing, 2679, 2681 ; crushing 

OA'ari 

Boadlcea, Queen, rising against Romans 
1938 

Boar, in farming, 2367 

— wild, tusks as weapons, 2155 
Board of Agriculture, afforestation, 

4603 ; fish destruction regulations, 
5314 ; statistics collection, 6190 
Board schools. Acts of 1902 and 1903. 
1677 



Board— Boot 

Board of Trade, electrical etandards, 
789 : fishermen’s certificates, 5316 ; 
insurance companies control, 3223 ; 
nautical examinations, 6365 ; 
weights and measures inspection, 
788 

Board of Trade unit (B.T.U.) of elec- 
tric energy, 291, 2812, 2«1.3, 2815 ; 
rate of charge, 2816 

Board wages, domestic servants’, 015 
Board-cutters, horizontal, woodwork- 
ing, 5094, 599’S, 6996 
Boarding-houses, management, 5720 
Boarding-school, life and education, 
artinciality, 4660 

Boarding, in leather manufacture. 

Boards, battening, 3844, 3845 
— ■ cutting, 3754, 3766 ; from log, 6900 

— flooring, joints, 3845, 3848 

— jointing and laying, 4445, 4447 

— in laundiy work, 2476 

— stacking, 3542, 3544 

— storage, 3541, 3545 

Boart, defined, use, 5854, 0733 
Boaster, mason’s tool, 532, 2S39 
Boat^; fishing, 4989, 4991, 4992 

— pier of, 0206, 6267 

— sailing and rowing, as means of 

transport, 2277 

Boatswain, nav>', pay and service, 4260 
Bobbin, of lace loom, 4978, 4979 
• — of net IfMim, 4880 

— in pipe bending, 5629, 5630, 5632 

— plumber’s, 5029, 5030 

— in textile manufacture, 2289 
Bobbin-drive, mechanism, 2290 
Bobbin-net, principle of weaving and 

ornament, 3157 

Bobrovka garnet ; see Demantoid 
Boccaccio, influence on Chaucer, 325 ; 

influence on English fiction, 2902 
Bodice, American, 3588, 3689 ; boning, 
476 ; cambric with veined seams, 
3588, 3589 ; child’s stay, 4050, 
4062 ; draped, 969 ; fitting and 
making, 474, 475 ; girl’s, drafting, 
4472, 4473 ; infant’s, drafting, 
3853, 3854 ; linings for, 186, 188, 
190 ; measurements, 186, 187 ; 
for stout figures, 622, 523 ; tailor- 
made, 2329, 2330 
Bodkin, basket-making, 5489 

— compositor’s, 6150, 5158 
Body, of brougham, 2829, 2831 

— human, anatomy, 98-101 ; composi- 

tion of, 438 ; growth hmit, 4802 ; 
heat, 439 ; rest periods, 4391 ; 
systems and organs, 30, 1 96 ; 

temperature, 96 

— relation to spirit and soul, 4527 

— of vehicles, construction, 2827 ; 

fittings, 3022, 3023, 3024 ; free- 
hand designs, 2729 ; patterns and 
machinery, 2833 

— vioUn, 2121, 2122 

— viola, 2823 
liody-gear, of harness, 4886 
Body-linen, ironing and folding, 2910 
Body-loop of dress landau, 3122, 3123 
Boer wars, history, 6693 

Boethius, Alfred’s translation, 1008, 
2356 ; and Theodoric, King of 
Ostrogoths, 2945 
Bog-slide, cause, 1505 
Bogie, railway carriage, use, 2556 

— in vehicle construction, 3121 ; springs 

used, 2726 

Bohemia, kingdom, coalfields, 2739 ; 
craniolog>', 1 780 ; electoral choice 
of Emperor of Germany, 2947 ; 
geography, 2162, 2165 
Boiled oil, use of term, 1032 
Boiler, caulking tool work, 5456, 5450 

— deposits In, 4096 

— fittings, list, 3105, 3107 

— domestic, 6016, 6017 

— egg-end, drawing, 5041, 5042 

— feed condensation, advantages, 6070 

— laundry, care and heating, 2475 

— locomotive, 3101, 6516-6517, 6877 ; 

“ wasliing out,” 5103 

— marine 6874; drilling, 3098, 3104, 

3106 

— prover, explained, 3107 

— rail motor-car, 4801, 4811 

(, 2 V 


Boiler scaling, described, 1307 ; and 
waste of fuel, 6761 

— ship, fitting, 5924 

— steam, 3099, 6874-6876 ; books on, 

5595 ; evolution, 6418 ; multi- 
tubular, 6418, 6876 6876; safety 
factor and working load, 211 ; 
test pump, 1082 

— steamer, position and types, 5401 

— tubes, 6514, 6615, 6878 
Boiler-making, 3097, 3098 ; conditions 

of employment, 2645 ; flanging 
press, 1223 

Boiler-shop, general description, 2109 
Boiling, connection with evaporation, 
1741 ; under high pressure, 1742 

— in cooking, 1485, 3313 

— in laundry work, 2689 

— point, use in chemistry, 696, 1566, 

1741 

Bola, distribution, uses of fibre, 818 
Bolingbroke, M. St. J., philosopliy of, 
2054 ; Burke’s attack, 2055 ; 
opposition h> Walpole, 6554 ; 
politics, 4950, 4962 

Bolivia, cotton industry, 383 ; geo- 
graphy of, 4282, 4290 ; rubber 
industry, 1154 

Boll, cotton-seed vessel, 388 
Bollards, fitting to ship deck, 5924 
Itolobolo, distribution, use of fibre, 818 
Bologna, silk industry, 582 ; university, 
2230 

Bolometer, invention of, 2433 
Bolsover moor stone, strength and 
weight, 1520 ; use, colour, 634 
Bolster, of anvil, form and function, 
2991 

— in building, definition, 1950, 1951 

— penknife, manufacture, 5474, 5475 

— in plate punching, 3095, 3097, 3107 

— springs, of bogle frames, 3121 

— table knife. 5476, 5477 

— Of van, 2828, 2829 
Bolt, cotter in, 834 

— forcer, 1222 

— in ironwork construction, 1464, 

5701, 5793 ; machine, 3107 

— Mauser pistol, 6417, 0418 

— plumber’s, 5029, 5030, 5630 

— in staging constructing, 1174, 1176 
Boltheads, Whitworth, in technical 

drawing, 3004, 3005, 3006 
Bolts, carpenters’, 1703, 1704, 3543, 
3546, 4249, 4251 : method of 
cutting, 3628 ; door framing, 5181, 
5182 ; drawing, 3003, 3006, 3007, 
4203, 4204 ; forging, 2991 ; strength 
testing, 1703, 1704 ; timber crane 
work, 4644, 4645 ; timber uniting, 
4642, 4643 

Bomb, volcanic^ 1074, 1207 
Bombardier beetle, 3510, 3511 
Bombardon, musical instrument, 5130, 
6131, 6140; compass, 5732, 5733 
Bombnstes, bombastic, explanation, 59 
Bombay, province, 2818, 2822 ; ceded 
to England, 6549 ; trade, 2822, 
.5381 

Bombiia : se^ Humble-bee 
liombyx mori : se^ Silk-moth 
Bonaparte, Joseph, King of Spain, 6238 
Bonaparte, Napoleon : nee Napoleon 
Bonanza, in mining, definition, 2378 
Bond, electric tramway roils, 1935 

— in masonry, 1521, 3633 
Bunding, in brickmaking, 1282 
Bonding blocks, in arch construction. 

2386 2387 

Bonds, brick-wall, 2170, 2171, 2173, 
2177, 2261, 2265 
Bone, human, jointing, 1709 

— carving, 6299, 6300 ; dyeing, 6299, 

6768 ; physiological account, 435 ; 
thermal conductivity, 2061 ; uses, 
811 ; see also Bones 

— ash, for phosphatic manure, 5587 ; 

source of phosphorus, 4779 

— black, 1157, 1167, 5145; use in 

glucose refining, 4557 

— fat, source, uses, 4832 

— form, in sculpture, 1611 

— glue : see Glue 

— manure, composition, uses, 589, 811 

— tiu^quoise (odontoUte), characters, 

5853, 5856, 6783 


QBNKML INDEX 

Bonebreccia, geological classification, 
1073 

Bonellia, siphon- worm, 3958 
Bones, ammonia from, 4776 

— glue manufacture, 5367-5369 

— human, list and measurements* 

1348, 1349 

— musical instrument : see Castanet 
Boning, in dressmaking, bodice, 476 

— in tailoring, 2205 

Bonnet acid, origin of name, 3704 
Bonnet, cockade rosettes, 5506 ; linings, 
5329, 5330 ; patterns, 4766, 4767, 
4769, 4860, 4861, 5037 

— child’s, copying, 4767 ; Dutch, 

5939 ; styles, 4054 ; Veronique, 5942 

— drawn silk, 5219 

— of motor vehicles, 2729 

— nurse’s, 5504 

— straw, 5218, 5219 

— velvet strings, 5331, 5332 

— widow’s, 5774 

Bonus system, in insurance* 2727, 
3223 

Bony tissue : see Bone 
Book, Babylonian, 17 

— catalogues, in bookselling, 1100 

— textile, definition, 1247 
Bookbinders, employment conditions* 

2655 

B(K>kbinding, 6775-6778 ; booksellers 
and, 1100; leather tanning for, 
3163 ; modem, defects, 377, 6775 ; 
as women’s employment, 321 
Book-ease, making, 6581, 6589 
Bookkeeping, analysis, 2269 ; audits 
ing, 918 ; bank account entries, 
1966 ; compensating errors, 2503 ; 
dead rents, 3918 ; departmental 
accounts, 3416 ; double entry, 
488-491, 3917; diversity, 777; 
comparison of ledger and journal, 
1750, 1751 ; foreign trade, 3679 ; 
goods account, defects, 2270 ; 
ledger classification, balancing sys- 
tem, 2980; loose leaf, 6522; 
petty cash accounts, 2201 ; pelt- 
ing problem, 488-491 ; post- 
ing precautions against confusion, 
2503 ; prime cost accounts, 2419 ; 
professional accountancy, 3918 ; 
profit, standard rate, for t casting 



entrj', 3916 ; trading account, 2500 ; 
traiisactions and transfers, 1567 ; 
trial balance, 2501 

— American card system, 2225 

— bank system, 4438 

— grocer’s system, 3044 

— hire-purchase, 3917 

— house furnisher’s, 3448 

— Italian medicpval, Venetian, 1467 

— laundry business, 2967 

— limited companies, 3186 

— loose-leaf system, 0521 

— partnership accounts, 2756, 2978 

— for small firm business, 403 

— in small shops, 45 

— tabular system, 3567 

— see also Clerkship, Double entry, 

Journal, Ledger, etc. 

Book publishing, business of, 6770 

Books, general account and classifica- 
tion of, 105 ; first printed in Eng- 
land, 3605; journalist’s choice 
in reading, 4577 : how to select, 
2937 : see also Beading ; library 
systems, 6871 ; necessary and un- 
necessar>', 3782, 3783 ; produc- 
tion, effect of newspapers and 
magazines, 2688 ; publishing, 6779 ; 
trade : see B(K)kselling ; weight 
of, 1704 ; see alse Literature 

Bookselling, the business, 46, 1096 

Booking offices, railway, arrangement 
and staff, 4813 

Boom, bridge, renewal, 4642 

— girder, general account, 540 

— load, girder, defined, 540 

— sailing ship, adjustment, 5398 

Booms, electric traveller, drawing, 4206, 

4206 

Booster, electric, description, 2246 ; 

use with storage battery, 3088 
Boot manufacture : see Bootmaking 

6913 
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Boot and shoo operatives, employment 
eondithjns, 2640 

— retailing, the business, i:t27 

Boot boiler, domestic, material and 
construction, 0017 
Boot-cream, recipes, 5150 
Boot factory, oganisation of work, 
4230 ; specialisation, 4241 
Bootes, constellation, 6118 
Boot -locker, of van, 2828, 2S2ff 
Bootmaker, wages, capital, 46 
Bootmaking, 1274, 3873, 4015, 4137. 

4237, 4432, 4340 ; button bcKjts, 

4018 ; clastic-side boots, 4018 ; 
tit and measurement, 4015,4016; 
lining, 4018 ; method of cutting, 
40J5y 4016, 4017 ; mountings, 

4018 ; technical school teaching, 
4546 ; tongue attachment, 4018 

— by machine, 4237, 4432, 4540; bot- 

toming and heeling, 4540--4546 ; 
use of bristles, 4017 ; lining, 4018 ; 
making up parts, 4540 ; packing, 
tilling process, 4541 ; preparation 
of thread, 4017 ; sewing, 4017 ; 
skiving, 4017 ; stiffening, 4017 

— machines, 4237, 4432, 4430, 4437 
Boot-rails and side, of brougham, 

2829, 2S31 

Boots, American machine made, 4237, 
4238 ; British machine made, 

4238, 4239 ; evolution, 3873 ; 
hand and machine made com- 
pared, 3874, 4239 ; hygienic, 4257 ; 
jack-boots, 3874 ; inannfacturc : 
tipf Boot making ; modern defects, 
378 ; preserving from damp, 
2851 ; retailing : see Boot and 
shoe retailing; sizes, 1326; top- 
boots, 3874, 4137, 4138, 4139; 
Wellingtons, 3874 

— tops, hand and m.achine cut, 4432 ; 

making, 4239 ; scam making, 
4434 

— waterproofing, 3219 

Boraeie acid, chemistry of, 7042 ; iise 
in deliniing hides, 2856 ; tVK)d 
preservative, 3819 ; in leather 
tanning, 3162; nse as preserva- 
tive, 5408 ; reagent and test, 
4410 

Boracite, definition, 1042, 6733 
Borax, 6881 ; chemistry of, 842, 1042, 
6773 ; as flux in welding, 3107 ; in 
niello w'ork, 5529 ; laundrj’^ uses, 
2477 ; in pottery glazing, 5236 ; 
use as preservative, 5408 ; use 
in soldering, 3884, 3886, 6459; 

in making starch, 2591 
Borax beads, colour test in chemical 
analysis, 4406 

Bord, in mining, definition, 3561 
Borda’s mettiod of weighing, 62 
Borders, in drawing, geometrical 
design, 2320-2322, 2397, 2398 
Bore, cylinder, lining out and trailing, 
3317, 3318, 3324, 5041 

— key -seating, 3403, 3404 

— river, cause, 5333 

Bored guides, use in horizontal steam 
engines, 5910, 5911 

Borehole, mining, 2662 ; lining and 
working, 2846, 2847 

— oil, 3190 ; pump, 6062, 6004 
Borers, workshop tests, 3965 

Borgia family, Alfonso de, Rodrigo, 
('aRsar, ahd Lucrezia, 4322 
Boric acid ; ttee, Boraeie acid. 

Boring, in mining, 2000, 2667, 3460 ; 
percussive, 2000, 2667, 2845, 2840 ; 
in prospecting, 2582 ; rotary, 
2606, 2667, 2845, 2840 

— bars, forms of cutters, 4203 

— head, use, constrnetion, 4203, 4264 

— machines, classes and construction, 

5008, 6754, 0765 ; cylinder type, 
5007, 5009, 5283 ; Harker's hand- 
power, 2668, 2009 ; vertical, 3317, 
3319 

— mills, function, 3317, 3319 

— rod, in shaft sinking, 3460, 3461 

— tools, mechanical engineering, 4479, 

4481 ; pattern making, 2453 ; min- 
ing, 2584, 2066-2071, 3386, 8387 
Borings, dock construction, 6496 

6014 


Borneo, island, description, 3161 ; 

petroleum deposits, 6000 
Bornite, properties, 6305, 6733 
Boron, chemistry of, 517, 1042 

— carbide, use and production, 5758 
Borough constabulary, organisation, 

pay, etc., 1406, 1408 
Borough councils, architect, 785 ; edu- 
cation authority, 1677 ; education 
scholarships, 482 ; engineer and sur- 
veyor, 452; financial otficers, 1067 ; 
inspectors of weights and measures, 
787 ; junior clerks, 1213 ; libra- 
rian's salary, 1495 ; medical 
officer's salary, 608 ; tow’n clerk, 
989 

Loudon, creation, 318 ; functions 

and analysis of departments, 319 
public servants and duties, 81, 82 

— surveyor, duties, 454 

Borotighs, town and comity councils, 
316 

Boshes, of blast furnace, angle, 4470 
Bosnia, state, geography, 2162, 2105 
Boss, in geology, definition, 2005, 2007 

— in masonry, 3145, 3147 
Boss-plate, function, 3125, 3120 
Boss-tool, use, 2457, 2458 

Bosses, in easting, process, 2.337-2339 ; 
distinguished from cores, 2342 

— drawing, 4203, 4294, 4205 
Bossing, boring machine, 3317, 3319 
Bo.ston, Lincoln, industries, 1273 
Boston. I’.S.A., tea-cjirgo destruction, 

5845 ; a eoinmercial centre, 4172 
Boswell, ,1., .lohuson’s biographer, 2053 
Bot fly, classifleation, 3722 ; in horse, 
svmptoTiis and treatment, 2626. 
2027 

Botany, classification, 165 ; dictionary 
of: see Biology; fertilisation, 

348 ; relation to biology and 
zoology, 135; relation of water, 
wind, animals, Insects, to plant life, 
727-732 ; reprodiietion. 340-355 ; 
struggle for existence, 503 

— applied : see specific svhiect.n — e.g.. 

Basket-making, Brush-n»aking, 
(ork 

liotaurus stellaris : see Bittern 
Bothwcll, J., Karl of, tried for murder 
of JJarnley, marriage with Mary, 
Queen of .Scots, 3998 
Botticelli, painter, 3021 ; character 
of work, 3793, 3794 
Bottle brushes, manufacture, 6110 

— float, in marine surveying, 1017 

— glass, recipe, 4533 

— makers, employment conditions, 

2653 

Bottle.s, drift, use, 5188 

— feeding, kinds, 4682 

— glass, manufacture, 473,5, 4730 

— w'ash, chemical apparatus, i)ricps, 

4993 

Bottling wine, method of, 762 
Bottom back, vehicle design, 3624 
Bottom-boards, in moulding, 2540 
Bottom, of steamer, 5401, 5402 
Bottoming, boot roaebinery, 4240-4242 
Bottbmry, in marine insiiraneo, defirii- 
fioii, 4854 

Boucher, Francois, ]>ainter, 4118 
Bouguereau, painter, his art, 868 
Bought ledger, function, 778, 2981, 
2982 

Bouillir (French verb), conjugation, 
4362 

Bouillon, action of radium on, 2031 
Boulder-clay, geological classification 
and formation, 1073 ; glacial pro- 
duction, 2067, 2255 

Boulder, striated, in boulder clay, 1636 
Boundary walls, safe proportions, 
2570, 2572 

Bounty system, international, 4558 

Bourbons, restoration of, 5239 

Bourgeois, type, 5028 

Bourges, cathedral, 3374 

Bouvier, M., dam profile formula, 4335 

Bow, viola, 2824 

— violin, 2123, 2124, 2314; balance 

of, 2742 

Bow’cl : see Intestines 
Bowels, inflammation in cattle, treat- 
ment, 2024 ; in horses, 2620 


Boot — Brod 

Bow’-flii, fish. Classification, 30i\^, 300'' ; 

respiration, 3070 
Bowing, double-bass, 3167, 3169 
~ viola, 2824-2820 

— violin, 2124, 2741, 2742-2744 

— vioronccllo, 2970 

Bow-lines, of ships, 5009, 5610, 5614 
Bowl, silver, working, 5524, 5525 
Bowl -feed, principle of, 962 
Bowling hoop, of boiler furnace, 3101, 
3102, 3107 

Bow’s notation, in mechanical con- 
struct ion, 415 

Bows, in millinery, 5.503, 5501 ; straw, 
5504, 5505; velvet, 5531, 5504, 
5505 ; wiring, 5503, 5504 
Bow'sprit, of ships, iist\ adjustment, 
6398 

Bowstring heni]), 718 
Box, hell, boring tool, 2000 

— calf, boots, i:V26 

— filling, in foumling, 211ti 

— framing of machinery, 200 

— heading, in printing, 4236 

— joints, in carpentry, 41 1 1 4114 

— pleat, in dressmaking, 968 , quantity 

of material allowed, 187 

— sextant : see Sextant 

— (timber) strength, 1260 ; nse of wood, 

57, 4658 ; for carving, 5809 
Boxer movement (1898), 6693 
Br)xps, hat and bonnet, trade in, 029 

— for moulding, 2697, 2700 

— Datch, 5471 

Boxing-in, in railway construction, 3433 
Boxhig-iip, patternmakihg, 2454, 2455 
Boxwood, 57, 1260, 4658, 5800, 6881 ; 

in engraving, 6291 
Boy, height and weight, 4529 

— clerks, in (iovcrnnient offices, ex- 

amination, pay, 2252, 2474, 2575 

— messenger in Government oflics, 

])ay. 22’52. 2.576 

Boyer long stroke hammer, eonstnietion 
and use, 1803, 1807 
Boyle, Robert, beat discovcri(“s, 59 ; 
definition and classifleation of 
elements, 516; experiments with 
fluids, 1142 ; law, in physics, 1142, 
1802 ; Rankiiie’s statement, 1805 
Boys, admission to Army, 4032 

— career as clerks, 1 92 

— gariiKutts for small, 4195, 4190 

— hygienic clothing, 4863 

— little, shirts and suits, 4355-4357 

— mah-of-war hat, making, 7i940 

— in Navy, entrance, training, 4265 

— tailoring, 1113, 1289 
Brabazon system, workhouse, 1852 
Brace, f(K)l, usC, 3386, 3387 

Braced structures, calculations, and 
design, 540 

Bracehead, in mining, description, 2660 
Bracelets, jewellery, making, 587t9 
Braces, in carpentry, tools, 4580 ; of 
beam, use, 4640, 4041 ; Add gate, 
4055, 4050 

— in vi;hiele construction, C-spriiig, 

3623 ; perch suspension, 3122, 3123 
Brachial idexiis, human, 1941 
Brachialis anticus, muscle, position. 
1350 

lirarhiopodi : see Lamp-shells 
Brachyccphalic races, 1786 
Bracing, lattice : see Lattice bracing 
Bracings, in smiths’ w’ork, 3107 
Bracken, description, 1116 
Bracket of hroiigham, 2829, 2831 

— casting, described, 2111, 2114 

— crank, of bicycle frame, 3773 

— for line shafting, 3208 

— pattern, jointing, 2456, 2457 

— j>iece, of fight w'aggdn, 2829, 2830 

— of shaft hearing, 3264, 3205 

— tread, of bfoughum, 2829, 2831 
Bracket, iiiuier various conditions of 

load, 2220, 2227 

Brackets, in algebra, use, 705, 1818, 
,1993 ; removal of, 1993 

— for cornice work, 5501 

— in punctuation, use, 1471 

— roof gutter, 5793, 5795 

Bract, in botany, defined, 340 ; of 
grasses, 35.5^ 875 ; of wlieat, 013, 
915 ; “ winged ” seeds, 911, 912 
Brad, nse in carjjentry, 3546 
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Brad— Brid 

Bradawl, use, 3386, Z387 
Brahma, deity, 417, 418 
Brahma fowls, broedin^, 4659, 4661, 
i856, 5622 ; comb, 4857, 4858 ; 
points, 4955 ; table qualities, 5624 
Brahmanism, Buddhism contrasted 
with, 417 ; distribution, 629 
Brahmans, privileges and caste, 417 
Brahmaputra, river, cdurse, 2563, 2972 
Brain, in animals, evolution of, 2155 

— human, activity, economising, 2672 ; 

anatomy, 2144 ; artery, 2147 ; 
complementary colojir sensation, 
3730 ; development, 4862 ; divi- 
sions and functions, 4527 ; material- 
ist conception, 3664 ; nervous 
system, 197, 2147, 2400 ; optic 
nerve, 2400, 2402, 2403 ; and per- 
ception of sound, 2315 ; philoso- 
phical theories, 6536 ; position 
defined, 98 : psychology, 2299, 
6466, 6536 ; psychological account 
of, 2804 ; psychological problem, 
2014 ; relation to mind, 6536 ; 
in relation to skull capacity, 1785 ; 
rest periods, 4391 ; shock preven- 
tion, 1799 ; spontaneity of inspira- 
tion, 3184 

Brain-cell, 2147 : appearance and age, 
2299, 2300 ; cause of knee-jerk, 
2994 

— child’s, size and weight, 4862 
Braiii-coral, 4084 

Brniro (French verb), conjugation. 4939 
Braising, in cw)ker.v, 1486, 3313 
Brake machine, used in biscuit -making, 
3593, 3594 

Brake-block and treadle, van, 2829 
Brake-cylinder, railway, 4694, 4095 
Brake-dynamometer, use, 904 
Brake-vans, railway, 2402 
Brakes, 3127, 3128 

— cycle, back-pedalling, 3775 

— foot lever, 831 

— friction, principle, 959 

— motor-carriage, 3123, 3124 

— railw'ay automatic, 4090, 4694, 

4697 ; dual system, evils, 4097 ; 
goods w'aggoiiH, either-side lyp<*, 
5070; locomotive, testing, 5105; 
vacuum, action, 4805 

— slipper, 960 

— Strub, on Jungfrau railway, 3817 

— tramcar, 1934 

Bramah press : see Hydraulic press 
Bramble, growth, 504 
Brainw’cll, Dr. Milne, method of hyp- 
notising, 3603 

Bran, cow^s food, 3892, 3893 ; in 
dyeing vat, 5782 ; as livestock 
food, 2908 ; poultry food, 5430 ; 
in w^ashing linen and canvas, 2912 ; 
in W'heat, 913, 3078, 3079, 3082 
Branch, in engineer’s cuppersmitliinu, 
use, 3880, 3887 

Bniiicli accounts, b(K)kkeeping, 3417 
Branch pipes, use in building, 0018 
Branch snops, expansion of retail 
business, 5920 ; manager’s salary, 
' 5928 ; management, systems, 5929 
Branchiata : see (illl hearers 
Branching coral, 4084 
Branchiopoda, classillcation, 3809 
Brandenburg, Margrave of, as Imperial 
Elector, 2947 

Brandering, firring, in carpentry, 4448 

— in lath w’ork, defined, 5498 
Braudes, Dr. (Jeorg, on Byron, 1308 ; 

history of nineteenth century 
literature, 2787 
Brands, in smith’s w'ork, 3107 
Brandy, adulteration, 3718 ; alcohol 
percentage, 1035 ; composition, 
2879 ; dietetic value, 3314 ; us 
medicine, 3377 ; prussic acid anti- 
dote, 3537 ; Bounce, 4876 
Brandywine, Buttle of, 5840 
Brangwyn, F., painter, style, 1021 ; 
" Modern Commerce,” frotUispiece 
facing 4057 

Branly’s coherer, 3895, 3896 
Brard’s durabli ity test for building 
stones, 1617 

Brass, alloys, 860, 3940, 6523,6310; 
casting, 1404, 0312 ; electro- 

plating, 3422 ; friction data, 959 ; 


casting shrinkage, 2342, 209u ; 

composition, 1042 ; conductivity 
of, 1307 ; cooling contraction, 
1397 ; manufacture, 6311 ; melting 
furnace, 2545 ; use in pattern - 
making, 2456 ; physical data, 
1SD6 ; solder for, 5523, 6400 ; 
spinning. 0314 

— band, instruments, 5890 

— workers, employment conditions, 

2648 

— in drawing, how indicated, 2792 ; 

bearings, 3264-3266 

— founding, furimces, 2862-2864 ; 

moulding-box used, 2698, 2700 

— moulding, dcOnod, 2545 

— plating, process, 3422 

— rule cases, printer’s, 5252, 5867 

— solder, composition, 3940 

— wire, manufacture, 3940, 5171, 0313 
Brasses, engraving inscriptions, 5529 
Brassica campestris : see Bape 
Brassica campestris raba : see Turnip 
Brassica oleracea : see Cabbage 
Brassica oleracea cavlorapa : see Kohl- 
rabi 

Brassijca sinapistruni : see Charlock 
Brawn, recipe, 1433, 2331; press, 
butcher’s. 1431 

— in funning, application of term, 

2307 

Braxy, sheep disease, 2025 
braying, in cloth-making, 4100 
Brazil, coins, weights and meastires 
409 ; cotton industry, 383, 384 ; 
diamonds, 1157 ; discovery, 2W47, 
5397 ; economic conditions, 5000; 
geography, 4282, 4286, 5380 ; 

petroleum deposits, 6009 ; ))opuhi- 
tioii. 628 ; products, 5380 ; trade, 
5380, 5664 

— lint, 6881 ; classification, 353 

— woods (dyes), sounres, kinds, and 

rtses, 5906 

Brazing, metals, 3839, 3881, 6311, 
6458 ; materials, 3885, 5525 
Bread, adulterants, 5,581 ; adultera- 
tion, 3717 ; aucieiit forms, 3281 ; 
alcotiol produced in making, 2878 ; 
British law concerning, 3281 ; 
brown, reciiK*, 3395 ; dietetic 
value, 2706, 3311; digestibilitv, 
866, 3314 ; glazing, 3395 ; home- 
made, making, 3281 ; kinds, 3601 ; 
making, 3312 ; nutritive value, 
3381, 3601 ; from patent, low 
grade and straight grade flour, 
3282 ; special kinds, 933 ; stale, 
in cookery, 2335 
Bread Act, provisions, 3281 
Breadcrumbs, chicken ration, 5435 
Bread-fruit, 5046; classification, 355 ; 
source, 4873 

Breadmaking, 3281, 3312 ; com- 

mercial methods, 3392 ; machinery 
and ovens, 3395 
Bread sauce, recipe, 2004 
Breaker card of cotton spinner, 1544 ; 

of jute spinner, 1886 
Breakfast dishes, recipes, 2331 
Breakfasts, English and French, 3G01 ; 

menu suggestions, 5581 
Bleu king liorses, 2079 
Breakwaters, effect in erosi\c action 
<if sea, 1814 ; types and construc- 
tion, 6334, 6494 
Bream, })lace for fishery, 2527 
Breastbone : see Sternum 
Breast -wheels, principle, 1690 
Breathing of animals and plants com- 
pared, 173, 277, 1491 ; changes 
accompanying psychic phenomena, 
2694 ; essential to life, 96 ; of 
Ashes, amphibians, etc., 30 ; nose, 
necessity, 2538 ; xdiysiokjgica! ac- 
count, 1299 ; rate of, 96 

— In singing, correct, 6047, 6048, 6052 

— see also Hei^piration 
Breathings, (Ireek, 5375 
Breccia, rock, 1072, 1073 

BrOcho d’Ord marble, frontispiece next 
481 

Brecknockshire, geography of, 1277 
Breecli-blocks, gun, 6611, 6612, 6613 
Breeches, boys’, making, 1752, 1753 

— stre ps, harness, 4886 ; making, 5191 


Breeding cattle, 2238 ; best conditions, 
3671 ; bo»)ks on, 3470 

— iiorsc, 2078 

— of plants and animals, in agreement 

with Darwinian theory, 827 
Bremen, trade, manufactures, 1075, 
1976 

Brenner Pass, value in iatercomnuini- 
cution, 4496 ; touring, 1249 
Brephos nolka ; see Owlet-moth 
Breslau, woollen manufactures, 1976 
Bresse fowls, points of breed, 4957 ; 
egg weight, 5873 

Brest, France, expedition against, 4843 ; 
naval port, 1684 ; awing hridgt; at. 
2888 

Brett drop hammer, 2991 
” Brett ” stamping system, 2989, 2992 
Breughel, “velvet” painter, 4299 
Breve, in music, 38 
Brevier type, 5028 
Brewery plant, G057 
Brewing, 3315, 0057, 6228 ; books, 
0230 ; cleaning plant, 6059 ; Phs- 
teiir and, 3274; waters, 6059; 
refrigeration in, 5405 
Brow'ster, Sir 1)., invention of ksilei- 
doseope, 2603 ; coloiir-blindiu^ss, 
3731 ; polarisation (lia(H)very, law, 
3850 

Briar root, tobacco pipe manufacture, 
4378 

Brick clay, defined, 1072 

— earth, in brickrnaking, 643 ; see also 

Briekinaking 

— tea, dclined, 3378 

— burning, 1284 

— wall, air permeability, 6020 
Brieked-up fire, description, 3107 
Brickfields, linglish, 1278 
Bricklayers, emi>loyment conditions, 

2043 : railway " works,” 4592 

— scaffold, in building, 11’70, 1171 
Bricklaying, 1452, 1950; dictionary ol, 

1954 ! see also Building and 
Masonry 

Brick making, general account, 634, 
644, 127 8]\ ABC and progressive 
working, ' 1279; clays, 1278 ; 
double chamber, 1282 ; fireclays 
and firebricks, 1285 ; hand 
making, 1281 ; history, 1278 
machinery, 1278-1281, 1282; 

moulding processes, 1948, 1949 ; 
press, 1282 

Bricks, gfMienil account, 643 ; air, 2263, 
2266 ; blue, 1279, 2515 ; bonding, 
1451, 1452; cement manufacture, 
1583, 1728 ; colour, 1279 ; dwel- 
ling houses, materials, 5050 ; 
furnace, 2863, 2864 ; glazed, use 
in drains, 734 ; green, 1284 ; kinds, 
1947, 1950, 2168, 2169, 2174 ; 

ni.achine moulded, 1282, 1947, 1948 ; 
for paving, 2179, 2426, 2127, 2430, 
2515; quality variation, 1947 ; 
red, 1279; in sewer construction, 
4460 ; Staffordshire blue, for 
paving, 2515, 2516 ; strength, 

1519 ; use in sweeping-up mould- 
ing, 2461 : ventilating, Ellisons’, 
4020 ; from w'aste products, 5767 ; 
weatlier effect, 1281 ; wdr e-cut 
bricks, 1281 ; yellow, 1279 
Brickwork, altering old, 2515 ; books 
on, 6349 ; other trades than brick- 
la.xers, 2514 ; huilding-in iron and 
timber, 2513 ; carved mortar for, 
1953 ; chases, 2388, 2385, 2389 
2513; fireproof, 4752 ; heat and 
frost, effect on, 2268 ; joinery, 
fixing, 2514, 2516 ; of mining 
shaft, 3308, 3457 ; paving, 2515, 
2516 ; perforations, 2513 ; pinning 
np and underpinning, 2514 : 
quantity surveying, 6505; sand 
courses, 2513 ; wall dressings, 
3035. 3036 

Brickworks, cost sheet, function, 3419 
Bridge of boiler, 3097-3099, 3102, 3107 

— of viola, 2823 

— violin, 2121 

Bridge, arcli and abutment, stability, 
2760, 2761, 2762, 2763 ; bascules. 
Tower Bridge, 828 ; loads upon, 
210 2700, 276’!; military constnio- 

69 J 5 
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Bri— Duo 


■Bridge — conti n ued 

tion, ; of piers, width, 

5114; timbers, riffidity, 4d40, 

4841 ; weight reduction, 208 
Bridge-construction, books on, 2764, 
5596; erecting staging, 1172, 

1173, 1175; by “floating out” 

and“ building out,” 1175; modern, 
27. W, 2738, 273U, 2740; modern 
problems, 520 ; reinforced con- 
crete, 1557, J.559, 1643; timber, 
1453, 1454 ; trestles, 4640, 4641 

— mining shaft, 3308 

— steamer, use, 5401 

Bridge-tone, term in sol-fa notation, 923 
Ifridges, general description of varieties, 
2497, 2498, 2499 

— brick and stone arched, 2497 

— cane suspension, construction, 6723 

— in carpentry, 4640, 4941. 4642 

— dental, construction, 6033 

— girder, iron, 2498 

— movable, 2880, 2887 

— Pnrlininentary i^owers for, 1238 

— punching and reanicring, 3095 

— swing, hydraulic, 1224 

— suspension. 2498 

— timber, 4642, 4943 

— trussed, 2497 

Bridgwater Canal, description, 5487 
Bridle, in dress, deflnition, 2874 
Bridie, saddlery, varieties and manu- 
facture, 5057, 5058 ; dimensions, 
4886 

Bridle joint, in roof work, 4248, 4249 
Bri<lle-path. obstruction of right-of- 
way. 1979 

Bridles, of beam trawl net, 4990 
Brie cheese, composition, 4490, 4492 ; 

manufacture, 4575 
Breeze-fly, mouth, 3721 
Brig, type of rig, use, 5399, 5400 
Brigands, in modern Europe, 392 
Brigantine, type of rig, 5399, 5400 
Bright, .lohn, composition of his 
speeches, 77 ; politics, 6691 
Brill, boiling, 1874 : in season. 1531 
Brilliant -cut, precious stones, 5028 
Brimstone : see Sulphur 
Brine, in glue inarmfacture, 5360; in 
Pasteurising milk, 5406 ; in refri- 
geration, 5403 ; in shaft sinking by 
freezing, 3460 

Brine saturator, hi ammonia soda 
process, 4772 

Brin’s oxygen prtxjess described, 1294 
Briquettes, cement, 1861, 1802 ; mould 
for, 1858 ; in cement tester, 1859 

— coal-tar as binder, 5462 
Brisbane, climate, 3466 ; rainfall, 3237 
Bristle-worms, description, 3956, 3957 
Bristles, in bootmaking, 4017 

— for brushes, sources, Jfcssing and 

bleaching, 6106; washing, 6107, 
0108: tests, 6110 
Bristol, trade, 1276, 6005, 6006 
Bristol boards, for pen drawing, 113 
Bristol Cathedral, skewbacks in chapel, 
3145, 3147 

Bristol Docks, bridges, 2886 
Bristol pennant stone, use, 532 
Britain, history, Boman conquest, 
effect on trade, 146; government 
of Agri'cola, 1940; Hadrian’s wall, 
2069 ; and Emperor .Severus, 
2071 ; to end of Heptarchy, 
2243 ; Saxon invasion, 2355 

— Pho'iiician commerce, plate joeing 

145 

— nee also rireat Britain 

Britannia bridge, structure, 2498, 
2499 ; cylinder accident, 1405 
Britannia metal, composition, 1160, 
3102, 3941, 6162; electroplating, 
3422 ; manufacture, 6162 
Britannia Secuuda, deflnition, 2609 
Britcli, wfK)l, 1 120 

British liee-keepers’ Association frame, 
5958 ; certificates, 5962 
British Central Africa, administrative 
posts, 3548 ; cotton industry, 
386 ; geography, 3584 
British Columbia, agriculture and 
farming, 3206 ; area, population, 
3203 ; gef»graphy, 4065, 4066 
Ihitisli commerce, early history, 140 


British East Africa, administrative 
posts, 3548 ; cotton maniil'actiire, 
386 ; geography, 3452 ; govern- 
ment, 3278 

British Empire, 2787 ; cotton siipjily, 
384, 385, 386, ; government, 630 ; 
population, 628 
British Honduras, area, 4176 
British Isles ; see (ireat Britain and 
Indand. 

British Museum, appointments, salary, 
2252, 3302; futindation, 6)871 
British South Africa, race siipreniacy, 
bacteria and, 6782 

British South Africa t'ornpany, adminis- 
trative posts, 3548 

Britisli Thomson-Houstoii Co., plan of 
works, 5592, 5593 

British trade returns, exports and 
imports, 6003, 6004, 6005 
British Westinghouse Electric and Mfg. 

Co., plan of works, 5591, 5592 
Brittany, acquired by France, 4102 ; 
cycling four, 715; products, 1681, 
1684 

Brittle-star, description, 4082, 4083 
Broach, variety of cotton, 383, 384 
Broach stick, in textiles, 4343 

— tool : see Reamers 

Broad bean, classification, 353 ; cross- 
pollination, 732 ; germination, 635 
Broad tool, mason’s, 2837, 28;t9, 2842 
Broads, the, physical geography, 1274 
Brocade, design, 6.598 
Brocntelle, design, 0597, 6598 
Broccoli, culture, 6673, 8836 
Brock, E., pre.SB Illustration. 0105 
Brocken, in Harz Mountains, legendary 
fame, 1976 

Broiling, in cookery, 1487, 3314 
Broken Hill, N.S.W., silver and silver 
lead mines, 3791 

Broken knee, in horses, treatment, 2621 
Broken twill, design, 2941, 2944, 3153 
Broker, legal pow’ers, 6844 
Brokerage, normal amount, 1262 
Broken, wool, 1120 
Brorne-grasses, cows’ food, 3890 
Bromine, chemi<*al properties, 1445, 
1601 

Bromoform, formula and use, 3271 
Bronchi, human, anatomy, 1299 
Bronchitis, forms, symptoms, 6133 ; 

increased by damp soil, 5409 
Bronchus, human, 1971, 2144 
Brontes, the, novelists, 3441 
Bronze alloys, 360, 3940, 5523, 6308 ; 
casting in, 1674, 2342, 6312, 6313 ; 
coinage, British, 300, 5851 ; 

colouring, 1674 ; comiiosition, 1042, 
1674, 6308; variation in proper- 
ties, 3940 

— jiowder, use, 1673, 6310, 0576 
Bronze Age, art of, 2479 ; iii Myceiuran 

Age, 2857. 2858 

Bronzing, applied to plaster casts, 1673 

— bwk on, 4610 

— in printing, 5872 

— size, 6576 

Brooch, design, 5978 ; making, 5859 
Brooder, chickens, 5093 ; poultry, with 
runs, 5203, 5264 

Broom, jilant, 353 ; cross-pollinatioii, 
730, 732 ; exploding pods, 909, 910 
Broom corn, 4354, 6106, 6881 
Brrxmi-making, pan-work, 0108 
Broomrapes, 506, 507 ; farm weed, 1378 
Brooms, plasterers’, 5496 
“Brotherhood “ engine, 1 685, 0071, 6072 
Brougham, Lord, defence of Queen 
Caroline, 6685; attack on wave 
• theory of light, 2432 ; in literature, 
2309 

Brougham, horse, 2403, 2405, 2407, 
2829, 2831 ; axle ditneiisions, 3326 ; 
cant board, 2727 ; dimensions and 
weight, 2726; door width, 2558; 
leather roof covering, fitting, 3479 ; 
morocco lining, 3624 ; strength of 
pillar, 2725 ; ventilation, 3025 

— carriage, motor, 2464 

Brown, Ford Madox, glass designs, 
4945 

Brown, John, defeats Southerners ; 

defeated, tried, and hanged, 5975 
Brown coal, classiflcation, 1073 


Brown colour, Bismarck and phenylenc, 
5468 ; effect, of dyeing cloth, 2939 ; 
for pottery, preparation, 6382 

— drawing, wool, 1120 

— haunatite, distribution, 231, 6733 

— How, geological secti 3n, T354 

— paper, manufacture, 1168 

— pigment, in painting glass, 4945 ; 

composition, 4946 

— sauce, recipe, 2904 

— spa, marble, frontispiece next 481 
Browne, Sir Thomas, author, 1640 
Browne, Tom, press illustration, 0105 
Browning, Elizabeth Barrett, poet, 

1309; letters, 2787; on unjust 
foreign poliey, 5100 

Browning, Robert, poet, 1436, 1437 ; 
bibliograpliy, 1438 ; on harmony 
and discord, 2319 ; letters, edition, 
2787; plays. 1152 

Brows, modelling, in sculpture, 1511 
Bruce, Micliael, British poet, 995 
Bruce, Bolierf, struggles with Edward 
IT., 307.') 

Bruckner calciiier, descriptitm, 4126 
Bruiser, use in lens grinding, tool, 6124 
Bruises, treatment, 6471 
Brunei, M. 1., engineer of Thames 
tunnel, 76 ; sole-riveting machine, 
4237 ; circular hosiery frame, 4764; . 
designer of the Great Eastern, 5261 
Brunig railway, construction, 3814 
Brunswick green. 6307 
Brush, in drawing, 113; medium for 
sliading, 2188 ; oil painting, 1020 ; 
water-colour painting, 1021. 1793 

— drawing, advantages, materials, 

studies, 2090-2093 
Brusli-drawing niaehiiie, 6107, 0109 
“ Jirnsh-tnrkey,’’ nest habits, 2506 

— wheat, in milling, 3080, 3082 
Brushes, kinds, 6107; maehine-made, 

6110; niateriuls, 6106; test of 
adulterated. 6110 

— dynamos 1105, 1107, 1108 ; rocking, 

1323 

— glass painting, 4 ^) 40-4948 

— tnotor, rontinnouH curremt. 1590 

— jiaint. artists’, to clean, 871 

— painters’, price, 4148; kinds and 

uses, .j829, 5831 ; care of, 5831 ; 
making, 6109 

— paperhongers’, 5827, 5829 

— plasterers', 5496, 5497 

— washing, 814 

Brushing, in carpel nuuiufaeture, 4341 

— in cloth making, 4106, 4109 

— maeliine, in leather manufacture, 

321K, 3219 

— and steaming, in eloth-making, 4106, 

4 JOS, 4109, 4110 

Bmslimaking, mat<*rialH and processes, 
0100-0110 

Brussels, cathedral, 3374 ; luce manu- 
facture, 1835 ; tourist directions, 
713 ; town hall, 3376 
Brussels carpet, design, 3357, 3358 
Brussels sprouts, 352; culture, 6673, 
6836 

Bruting diamonds, 5854 
Brutus, Marcus .hiiiius, war with 
Octavius, 1672 ; coii.spiracy against 
.Tillius Ciesur, 1670 
Bryony, white, 505, 506 
Bryophytes, 165, 1311, 1312; gee alto 
Mosses, Liverworts 
Bu, measure^ 410 
Bticeinurn undatnm : see Whelk 
JiarerofidCB : tec Horiibill 
Buckbean, nectar, protection, 1116 
Bucket, in miniqg, form used,y(!if27, 8467 

— dredger, 1820, 1827 

— shops system explained, 8483 

— valve, of piimj), 1081 
Buckets, ventilating, turbine, 1692 

— of water-wheels, 1690 
Buckingham, George Villiers, Duke of, 

favourite of James L, 4551 ; 
assassination, 4552 
Burkiiig-plate, assaying, 5849, 5850 
Buckle, Henry Thomas, historian, on 
religious jierseciition, 6099 ; on 
war as second greatest evil, 6099 ; 
on destriudion of military spirit, 
5100 ; his “ Ifistory of CiviBsetloo 
In Engl^ii'J ” 



Buck — Butt 


Buckle, Celtic, flliRree, 5528, 552P 
Buckles, haberdasher’s, stock, 3152 

— harnesB-Tnaker’H, kinds, 4885 

— hat trimming, 5506 

Buckling, of materials and structures, 
1258 

Buckwheat, 4874 ; as livestock food, 
2704, 5436 

— black climbing, 880 
Bud, leaves in winter, 728 
Buda Pest, 2164 ; touring, 1250 
Buddha, life-history, 417 
Buddhism, in China, 216, 218; the 

doctrine, 417 ; educational 
methods, 2306 ; geograpiiical dis- 
tribution, 620 

Budding, of liydra, 382 ; reproduction 
by, 381 

Buddies, use in tin extraction, 6162; 

in zinc recovery, 6166 
Buenos Aires, description, 4283, 4288 
Buffalo, African fauna, 3277 ; N. 
American, extermination, 4065 ; 
skins, 6426 

Buffalo, U.S.A., industries, 4172 ; 
touring, 1648 

Buffer, dunib, railw'ay abolition, 5070 
Bulling, in bootmaking, 4140, 4545 

— in carving knife manufacture, 5477 
Buffon, naturalist, evolution tlieory, 

653 ; theory of life, 28 
Bug, insect, description, 3362, 3304 
Buiil-wttrk, in cabinet making, modern, 
6341 

Builder, compared with contractor, 
141 

Builders’ finishing terms, dictionary, 
0215 

— merchant, business of, 1331 
Building, 139, 307, 329, 560, 916, 

1170, 6341 ; additions and altera- 
tioTis, 309 ; architect’s supervision, 
1911: books on, 2764, 6349 ; brick 
work : »ee Brickwork ; contract 
drawings, 5642, 5543-5547, 5548 ; 
dictionaries of, 310, 336, 6215 : »ee 
aim Brickwork, Masonry, anef Slat- 
ing ; estimating, 6342 ; lighting, 
6024 ; masonry, 3033-3040 ; 
quantity surveying, 6342, 6505 ; 
regulations, 6213 ; regidations and 
materials of the future, the 
problems, 519 ; scatfolding, staging, 
1170; shoring and underpinning, 
916 ; slate and tile work, 4865 ; 
steel construction, 2226, 2227 ; 
stones and masonry, 2835-2842, 
3241 ; structural iron work, 5791, 
6703 ; tenders, 6342 ; timbers used 
in, 51-57 

— construction, books on, 2033, 3143 

— line, regulations, 6214 

— materials, books on, 2033 ; colour 

representation, in drawing, 5421 ; 
defective, 6345 ; scheduling, 1910 ; 
strength, 1256 

— out, in bridge construction, 1175 

— repairs, scaffolding for, 1172 

— societies, general advice as to, 3225 

— stones, classificaton, 528; strength 

and w’eighf, 1517 ; quarrying, 2955 

— trades, liomc and abroad, described, 

6341 ; list of, 144 ; employment 
conditions, 2642 

Buildings exempt from by-laws, 6213 

— fire resisting, cost, 4751 

— new, supervision, 6214 

— old, shoring, 020 

— public, defined, dimensions, 6213 ; 

foundations, 331 

— protraction from fire, 4761 

— steel-frame, 6348 
Bukovina, Austria, 2162, 2166 
Bulawayo, Cape to Cairo railway, 3587 
Bulb, electric lamp, manufacture, 2612, 

2613, 2614 

Bulbs, culture and varieties, 6489 

— as winter food, storage, 728 
Bulb-tee : see Tee section 

Bulgaria, ethnology, 1780 ; geography, 
2106, 2167; trade, B709 ; travel 
in, 394 

Bulkhead of steamer, position, 5401, 
6401 ; stiffeners, 6739 

— watertight, 6401, 6619, 6739 
Bull, in Assyrian architecture, 2658 


Bull, breeding, 2239 ; prize, 431, 432 

— constellation : see T^auriis 

— Egyptian worship, 419 

“ Bull-light,” Manet’s picture, 4396 
Bullaces, in season, 1532 
Bulldog, use in puddling furnaces, 
4637 

Bulldozer, in smith’s work, function, 
3107 

Bullet -making, 6617 
Bullfinch, classihcation, 2209 
Bullhead, fish, form of head, 3069 
Bullhead rail, wear, 3436, 3437 
Bullion, assay, 5850 ; Bank of England 
reserve, 4168 ; banks’ reseiv’e, 
4438 ; sampling, 5850 

— in crown glass manufacture, 4534 
Bnllnose bricks, form, 1948, 1949 
Bullock, application of term, 2238 

— carts, for transport, 2153 
Bull’s metal, cast, strength, 1396 
Bull-wheel, of planing macliine, func- 
tion, 5000 ; in mining, in rope- 
boring derrick, 2845 

Bulwer Lytton : see Lytton 
Bunch, in mining, definition, 2378 
Bunching machine, cigar, 4374 
Blinker’s Hill, Battle of. .5845 
Bunkers, steamer, position, 5401 
Buns, Bath, recipe. 2332 

— rice, recipe, 23:13 

Bunsen, scientist, grease-spot photo- 
meter, 2436 

— burner, use In chemical analysis, 

4404, 4405, 4412 

Bunt, fungous disease, 1667, 1669 
Buntings (Kringlllidie), description, 
2209 

Buntoiis, use in mine shafting, 319:1 
Bunyan, .John, author, 1640; ins 
“ Pilgrim’s Progress,” 2903 ; pre- 
dominance of Anglo-Saxon words, 
1771 

Buoninsegna, Bncciocii, painter, 3519 
Buoy, globular, drawing, 5041, 5042 
Buoyancy, in hydrostatics, 1078: see 
also Metacentre 

Buoys, use and construction, 6497 
Bnphaga : see Ox-pecker 
Buprestids. beetle, decorative use, 3512 
Burdock, plant, seed dispersal, 911, 912 
Bureau, construetlon, 6588. 6589 
Bureau Veritas, ship’s efficiency. 6221 
Burette, chemical, described. 62, 63 
Burglary insurance, risks, 4852 
Bnrgoyne, General, American War of 
Independence, 5845, 5846 
Burgundy Canal, Erance. course. 1084 

— establishment of kingdom, 2915: 

Saracen invasion, 2946 : alliance 
with Henry Y. of England, 3 463 ; 
wars for possession, 4396 
Burham bricks, size and weiglif, 1.520 
Burin, engraving tool, 61 n, 0114 
Burke, Butler, investigation concerning 
origin of life, 20:i0 ; book, “ 'J’he 
Origin of Eife,” 2554 
Burke, Edmund, author and statesman, 
works, 2054, 2055 

Burling, in cloth-making, 4106, 4110 
Burlap, use for wall covering, 5828 
Burma, cotton industry, 386 ; eth- 
nology, 1789; geograpliy, 2818, 
2972, 2973 ; oil-flelds, 53i).5 ; petro- 
leum deposits, 6009 ; petroleum 
transport, 6014 : jirodncts, 5381 ; 
skull measurement, 1785 ; trade, 
5381 

Biiriic- Jones, Sir E., stained glass, 4{M5 
Burners, gas, acetylene, kinds and sizes. 
0025 ; argand, 0152 ; duplex flat- 
wick, 61.52 ; fish-tail, 6153 ; gas, 
kinds, 6026 ; Holden, construction 
and use for liquid fuel, 6153 
Burnet, cows’ food, 3890 
Burnet motli, protective colour, 3516 
Burning, in chemistry : see Calcination 

— metals, 6032, 64.54 
Burnisher, agate, 6776, 6778 

— boot factory, use, 4241 

— saddlery, 4784 

Burnisliing, in art metal-work, 6528 
Burnley, industry, 1272 
” Burnley ” loom, 3036, 3037 
Burns, John, on glorification of mother- 
hood, 4667 
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Burns, Bobert, poet, 993, 995, 3783 
Burns, treatment, 6472 
Burnt sienna, pigment, 871 
Burr, of deer’s antler, 2156 

— in plate-punching, 3095, 3097, 3107 

— of punching tool, defined, 4584 
Burr-stones, found oy probing, 2582 
Burrell spring governor, 2019, 2020 
Burring machine, wool, 1125 

Bttrrs (bricks), description and use, 1947 
Biirslcm, Stans, industries, 1272, 1895 
Burster, mining tool, use, 2966 
Burton, William, modern pottery, 
5385 ; 'plate facing 5233 
Biirfon-on-Trent, brewing, 1273 
Bury, Lancs, industry, 1272 
Burying beetle, liabits, 3511 
Bus ; nee Omnibus 

Bush, eccentric, of clock, making, 5883 

— grinding process, 3404, 3408 

— key -seating, 3403, 3404 

— roller chain, drawing, 4000. 4001 
Bushel, 226 ; values, 872, 6676 
Buslimeii, average stature, 1788 ; eth- 
nology, 1789 ; skull mcaKuremeiit, 
1785, 1787 : South African, 629, 
3278, 3279, 3586 

Business agreements, law of, 6752 

— books, 776, 977 

— correspondence, 6350 

— expansion, examples and methods. 

5926, 5927 

•— niunageineiit : nee under separate 
heads — e.g.. Advertising, Factory, 
ete. 

— Iiremises, account in bookkeeping, 

2883 

Bustard, order of birds, 2212, 2213 
BiiHts, eleetrotyping, 3422 
But, preposition, rules for use, 1336 
Butclier, business of, 1427 ; outfit ami 
premises, 1427, 1428, 1429 ; cart, 
2463 ; w ages, capital, etc., 46 ; 
use of waste products, 640 

— pork, cooking and sliop outfit, 1432 
Butclier bird : see Shrike 

Butler, .Joseph, philosopher and theo- 
logian, 2054 

Butler, Samuel, author, 992 
Butler, manservant, duties, 761 
liufonms : sec Flowering riisli 
Butt, in leather mnnufacture, 3013 
~ hinge, 3022, 3547, 5183, 5184 

— joints, 5351, 5352; in vehicle con- 

struction, 2833 

— straps, in boiler-making. 3099, 3100 

— ship plating, fitting, 5922 

— weld, described, 233, 230, 2987, 
Butter, udulterant, 5581 ; adulteration, 

3553, 3716, 4715 ; anchovy, recipe, 
2003 ; aroma, 4211 ; books on, 
4834 ; brands, I 3551 ; cliurning, 
4279, 4280 ; colour and flavour, 
4210, 4211 ; constituents, 4034, 
4210; countries producing, 5119; 
cows, yields, 3666 ; dietetic value 
of, 3109, 3311 ; digestibility, 866 ; 
ferments in, 4036 ; green, recipe, 
2003; imported compared witli 
home-made, 3552 ; imports (1905), 
3551; judgment of, 4281; kinds, 
4714; making: see Butter-making. 
below; margarine a substitute or 
adulterant, 1032 ; milk yield, 4211 ; 
nutritive value, 3381 ; melting 
point, 3486; preservation, 3819; 
3820, 4281 ; rancidity, cause, 4036 ; 
refrigerating machine, 5404 ; water, 
percentage, 1625, 4714 ; watered, 
4210 

— fat, source, constitution. 4832, 4833 
Butterbur, underground stems, 909 
Buttercup, classification, 352 ; fruit, 

348, 349 ; nectar, 730, 731 ; 

farm weed, eradication, l;J78 ; 
species, 136 ; spiral leaves, 350 
Butterflies, plate facing 3505 ; clas.sifi- 
cation, 3362 ; courtsliip colour, 
3516; eggs. 3613, 3514; meta- 
morphosis, 3362 ; as pollen-carriers, 
731, 782; structure, J5i2 
Butterfly, sea, muscular fins, 3114 
But ter- making, 4210, 4212, 4279 ; 

bacteria, influence, 3553 
Butter-milk, eomposition, 4034, 4038 
Butterine, defined, 4832 
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Jliiftcrworl, description, 507, 508 
JMittook-liiies, of ship, forms, 5609^ 
5610, 5614, 56 IH 

Buttonholes, 153, 475 ] maciiine for, 
6706 

— In tailorhiR, 1111, 1113 

— in underclothing, 3337, 3338 
Buttonholing, in bootinuking, 4436 

— gloves, 5482 

Bulfontnioks, haberdasher's stock, 3152 
Buttons, haberdasher's stock, 3152 ; 
how to sew on, 153, 1460 

— boot, fastening machine, 4436, 

4437 : machines for making, 
4240-4242 

— cabinet work, 6589, 6591 

— glass, manufacture, 4736 

— glove, varieties, 5480 

— in joinery, 5293, 5295 

— plain needlework, 3093 

— on underclothing, 33.>7, 3330 
Buttress, in building, stability, 2571, 

2572 ; in (.'othic architecture, 
3373 ; in masonry, use, 3145, 3147 

— flying, of Lincoln Cathedral, 3144, 

3147 

Butts, of round basket, use, 5490 

— ship plating, 5917-5919, 5921 

— water, drainage. 780 
Bntylic ether, dell nit ion, 2879 
Butyric acid, formula, production, 

3273 ; formation in milk, 4036, 4037 
Butyrin, constituent of milk fat, 4035 
Buying, in shopkeeping, general princi- 
ples, 175 ; errors, 175 ; overdue 
payments, 177 ; speculative, 5929 
Blizzard, pursuit of prey, 2192. 2493 
By, in English place-names, 1769 
Byre, in farming, eonstruetion, 2997 ; 
management, 3672 

Byron, Ii(»Td, poet, 1 30s, 1305 ; editions, 
1438 ; Hebrew melodies, 500, 502, 
and Creeee, 6448 

Byssus, of edible mussel, 3285 ; of 
gloehidinm, 3280 

By-tones, harmonie, in music, 568 
Byzantium, arebiteeture and art, 3089, 
3090 ; Koman seat of empire, 2072 ; 
Bliilip II of iMaeedon’s attack on, 
775 ; use of veined mart>)e in 
building, 3245, 3247 

C SPRING, of carriages, description, 
2725, 3329 ; freehand model, 2729 ; 
in under-carriages, 3122, 3123 
C-T bate, in leather manufacture, 3010 
Cii d’Oro Palazzo, 3376 
Cabal Ministry, constitution and policy, 
4762 

Cabbage, classifleation, 352 : varieties, 
cultivation and seed, 1197 ; boiling, 
recipe, 2126 ; cows' food, 3890 ; 
digestibility, 3314 ; as livesttM-k 
f(M)d, 2704, 2004, 2905 ; se<*(l of, 
638, 1198 

Cabinet-makers, employment condi- 
tions, 2652 

Cabinet-making, 6570-91 ; dictionary of, 
3389; joints, 4111, 4112, 4173 \ 
wofuls, 6579 ; use of bard wood, 
3542 

Cabinets, construction. 6589 
Cable, 6546-6548 ; conduits, 6794 ; insu- 
lation, 6795 ; joining, 6792; laying, 
6794 ; electric testing, 3088 ; tbrei- 
pliase, 1907, 1908 ; urban supply, 
2246, 2247 ; varieties, 6791, 6792 

— joints, 6793 

— rope, materials, making, 5288, 5291 

— submarine, and eartlnjnakes, 1209; 

invention, 128 

— telephonic, 6179 ; colour code, 6078 ; 

distributing frames, 6078, 0079 

— traction ; I’ramways, cable 

— wire, manufacture, uses, 5173, 5174 
Cable-ways, princijde of inclined plane, 

834 ; use in (juarrying, 2956 
Catding frame, construction, 5289 
Cabmen, regulations and conditions, 
4187, 4188 

Cabriolet, carriage, structure, 2467 
Cabs, dimensions and weight, 2726 ; 
fares, 4188 ; hansoms, 2466, 
4189; hire by cabmen, 4188; 
London, number of, 2153 ; motor, 
regulations, 4189 

mn 


Cabnl, British retreat from, 6691 
Ca<*ao butter, source, 4832 
(■achelot, source of sperm oil, 4633 
t'acti, Mexican, description, 4175 
Cactus, absorption of moisture, 727; 

spines, 909, 1114 
Cactus group, classifleation, 353 
< ‘addis-fly, description, 3365, 3366 
Cade, Jack, revolt, 3465 
Cadence, in harmony, 365 ; in musie, 
inversions used, 565 
Cadets, army, training, 4197 ; mercan- 
tile marine, 6365; naval, training, 
and pay, 4401 

Cadetships, state, examinations, 2251 
Cadmium, in art work. 5523 ; eluirae- 
t eristics, 3837, 3838, 3839 

— amalgam, in inereury lamp, 2684 

— orange, maniifaetnre, 5144 

— yellow, maniifaetnre, 5144; In oil 

painting, 871 

('flceilians, description, 2799 
Cieeum, valve of, 576, 579 
Ciedmon, father of English poetry, 304 
C.Tsar Augustus; Aiignstns Ciesar 

— Cains Julius, and the Belgre, 

2948 ; calendar, 226 ; career and 
eliaraeter, 1513; (‘atiline conspir- 
acy, 1513, 1514 ; <‘on<iiiers (ianl, 
2915; in Egypt, 1515 r and Poin- 
pey, 1514 ; visit to Britain, 55 n.c., 
68; bis fall, 1670 

Caesura, in English verse, 306 ; in 
Latin verse, 1767 
Caflea nrnbira: »rr Coffee plant 
Caffeine, In coffee, 3378, 3823, 6554 ; 
dietetic value, 3378 ; properties, 
use, formula, source. 4007 

— citrate, preparation and iis(‘, 4009 
Caffeol, ]>roperties, 4007 

( age, mining, 3305, 3308, 3402 
Cainozoic rocks : nee Tertiary rocks 
('airngorm. precious stone, 5855 
Cairo, ca]>tnrcd by Xapoleon, 5238; 

geography, 3450, 3451 
Caissons, in bridge building, 1403, 
2737 ; dock, 2889. 6497 
Caitlmcss, industries and towns, 1064 
Cains Ctesar, Emperor of Borne: see 
Caligula 

Cake, chocolate, recipe, 2332; ]dain 
soda, recipe, 2333 ; plum, recipe, 
2331 ; recipes, 2331 ; making, 
1530, 1532; stale, using, 2336; 

veal, cooking, 1872 
Calabria, made a slate, 2945 
Calais, Eranee, burboiir, 6332 ; re- 
captured by France, 3834 
Catalysor, definition, 4135 
(^alamary, sf|uid, pen f»f, 3114, 3115 
Calamine, zinc ore, 358, 1042, 4306, 
6166 

Cal am lift, genus : ftee f'anc 
('alatithes, culture, 6534 
Calc .sinter : see Travertine 
C^aleareons roeks, 1073 
Calceolaria, culture, 6492, 6532 
Calciineter, lime tester, use, 1856 ; 

chemical analysis, 4416 
Calcination, in cliemistry, ])rocess, 4316 
Cnbdning, ores, 350, 3836 : see also 
Boasting 

Calcite (calc-spar), composition, 843 ; 
cr>'s(alline f(»rinH, 766, 767 ; double 
refraction, 3849 ; formula, 768 
Calcium, cliemistry of. 843 ; proportion 
in earth's crust, 239, 024 ; per cent, 
in human body, 438 ; plant food, 
167; oceurreiiee, 5757 ; salts, 1041 

— acetate, in acetic acid mamifttctiire, 

5466 ; acetone fnmi, 5467 ; in 
dyeing, 5781 ; production, 5466 ; 
wood distillation jirodiiet, 5465 

— carbide, electric formation, 3032 ; 

manufacture, 5588, 5758 ; projiara- 
tioii and properties, 3707, 6829 

— carbonate, chemistry of, 843 ; lime 

making, 1455 

— carbonates, 768 

— chloride, use in dyeing, 5781 

— fluoride use in flame-arc lamp, 

2684 ; formula, 768 

— hydrate, prodnetion and use, 5781 

— hypochlorite : see Lime, chloride of 

— nitrate, 3032, 5888; in soil, 1599 

— oxalate, product of rliubarb, 3704 


Calcium, pliospliatc, from bones, 5359 ; 
chemistry of, 1041, 1162; in 

phospliatic manures, 6586, 5587 

— salts, in dyeing, 5781 ; from ortbo- 

pbosphoric acid, 5586 

— sulphate, in cemi'iit, 1859 ; in earth’s 

crust, 768 ; precipitate, 4405 ; 
removal from hard water, 6762 ; 
presence in wines, 2879 

— sulphide, 1041 
Cale-spar : see. Calcite 
Caleiilagraph, 6519, 6044; telephone, 

0181 

Calenlns, differenlial and integral, 6790 
Calcutta, exports, 5381; liistory, 6549 
Caldecott, Bandol])h, his art, 343, 
1022; press illustration, 6102 
Caledonia, history of, 2607 
Caledonian brown, pigment, 871 
(’aledonian Canal, 9S2, 1065, 6486 
Caledonians, invade Britain, 2241 ; 
Boman struggles with, 2069, 2071 ; 
invaded by the Spotti, 2607 
Calendar, history of, 226 ; Julius 
Cjrsar's reform, 1516 ; reformed, 
(1751), 5554 ; Boman, 1182 
Calender, rubber sheet and belting, 
5200 ; spreading machine, 5201 
Calendering, carpet. 4341 

— in cloth manufacture, 4342, 4343 

— in hosiery manufacture, 4765 

— in )>aper- making, 6396, 6399 
Calends, Boman, 1182 

Calf, feeding, 2238 . 2907 ; rearing, 22;i8 
Calf-skin, drenching, 3011 ; grain, p/afr 
iaring 3217: tawing process, 3161 
*' Caliche,” composition, 6587 
Calico, in dressmaking, preparation, 
3340; for iindereldtbing, 3093 

— mordants, citric acid, 4782 ; potas- 

sium chlorate, 4778 ; tragacantli, 
KIO 

— printing, block, 4490 ; machine, 

4502 ; design, fltne.ss, 5980 
Calicoes, finishing processes, 4341-4342 
California, admitted to IJ.S.A., 6975 ; 
economic conditions, 5602 ; in- 
dustries, 4175; irrigation, 5484 ; 
petroleum deposits, 6007 ; pro- 
ducts, 5662 ; rainfall, and irrigated 
land, 5660 

Caligula, reign, 1832 

(’alipers, use, 3319, 3386: varieties, 4708 

— adjustable, types, 4703, 4707 

— beam, forms, 4703, 4705, 470K 

— <*«)mpass, use, 4703, 4707 

— micrometer, use, eonstruetion, 4702, 

4707 ; horseshoe type, 4705, 4709 

— plasterers', 5496, 5497 

— vernier, construction, 4705, 4708 
Caliper rule, form and use, 4703, 4707 
(Caliph, meaning and creation of, 2353 
(’alled-up capital, term explained, 31H.6 
Culling Jainps, telephonic. 5880 
Cnliosilies.trcatment by cfiiropody.lROn 
(Jaliuar, Enion of, 2948 ; result, 5396 
(■aloric, beat unit, 4630 
Calorimeter, ice block, struct lire and 

ii^e, 1739, 1740 
Caltrop, defliied, 912 
Calvin, rule over Ceneva, 4399 
Calving, 2238 ; earn of cow, 3671 ; 
season for, 3672 

Calvinists, persecution in France, 4102 
(’alyptra, of mos.ses, 1312 
Calyx, Of flower, defined, 346, 347 
Calyx system, in rotary boring, 2845, 
2846 

Cam, gen(?ral account, 828, 832 ; lieart- 
shajied, drawing, 4323; single act- 
ing, 4323, 4324 

— plate, of lathe, 828, 4919, 4920 
Cambium, in plant stem, 169, 170 
Cambrian system, in geology, 2067 ; 

rocks, 2253 

Cambric, for underclothing, 3093 
('ambridge Eniversity, 1 273 ; engineering 
course, 483 ; origin. 3073 ; scholar- 
ships and cost of living, 4823 
(Cambridge (bilf, Australia, 3697 
f.’ambridgesbire, geography of, 1273 
Camel, African fauna, 3277 ; blood 
corpuscles, 952 ; distribution, 628 ; 
b)ot, modifleation for desert, 
1 870 ; as means of transport, 21 62 j 
transport in Australia, 370l 
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Camel - hair brush, in wat^r colour 
painting, 1021 

Oamoi’s iiair, uses, 5120, 6882 
Camellia, culture, 6532 
Camellia Ihea : see Tea plant 
Camembert cheese, composition, 4490, 
4492 ; manufacture, 4575, 457(i 
Cameo, 6300 ; use of helmet shell for, 
3113 

Cameoid, wall covering, 5828 
Camera, photographic, construction, 
6679; cost, 4417,, 4420 ; enlurging, 
6683; equipment of studio, 4418; 
lenses of, 2052 ; repairs and hire, 
4422; second-hand, 6679 
Camera obscura, principle of, 2902, 2952 
Cameron, bacterial sewage system, 4742 
(Jameroons, mountains, 3582 
Carnes, use in glazing, 5840 
Camisoles, various patterns, 3588, 3589 
Campagna, Koman, 2231 
“ Campania,” liner, engines, 5418 
Campanile, at J^'lorence, architecture, 
3376; relief panels. 35/7 

— Romanesque, in architecture, 3232 

— at Venice, 3090 
Campanology ; see Bell-ringing 
Campanvlaria : see Hydroid zoophytes 
Campbell, Thomas, on Beaumont and 

i'letchor, 846 ; poetry, 1307 
Campbell’s Act, liability of railway 
companies, 5107 

Camphor, 6882; distillation and uses, 
812 ; Formosan, 5659 ; formula and 
synthesis, 3487 ; obtaining, source, 
4969, 4873 ; properties. 4971 ; iises, 
4873, 4971 ; weight, 1704 

— compounds, essential oils, 4068 

— emulsion, 1033 

— laurel, Formosan, 3161 ; Japan, 3159 

— tree, distribution, production of cam- 

phor from, 812 

Campines, fowls, points of, 4957, 5090 
('ampions, classification, 354 
Campos, Brazil, 627, 4286 
Camwood, use in dyeing, 5906 
Can, milk or cream, 4210 
(Ian, tapering, drawing, 4522, 4523 
Can (verb), conjugation, 94 
Canaan, division into the 12 tribes, 
666 

Canaanites, ethnology, 1790 
Canada, area, population, 3203 ; British 
emigrants to, 3203 ; clerical ser- 
vice, restrictions, 3548 ; climate, 
flora, 1649 ; coalflelds, 5305 ; com- 
mercial opportunities, 6212 ; elec- 
tricity development, 131 ; exports 
(1903-5), 5662 ; farming in, 3203 ; 
fisheries, sea, encouragement of, 
5318; geography, 4065, 67 ; his- 

tory, 5111, 5845, 5974, 6690; im- 
ports, 5663 ; labour supply, 6629 ; 
land grants, 6632 ; medical pro> 
fesslon in, 5428 ; police, 3850 ; 
power sources, 5011 ; sugar pro- 
duction, 4351 ; touril^l;, 1649 ; 
trade with U.S.A., 6664 ; trained 
teachers, salaries, 3741 ; U.S.A. 
boundary, 5975 ; wheat export to 
England, 3282 ; wheat supply, 914 ; 
wood-pulp industry, 1650 

— Arctic, geography, 4066 

Canada balsam, 1034, 3849, 6385, 6125 
Clunadian hemp, character, uses, 718 
Canadian Pacific Railway, construction, 
3051, 6630, 6632; route, 400S 
Canal, auditory, structure, 2316 

— boats, electric tractor, 2275 ; as 

means of transport, 2277 

— lift s, hydraulic, 1 224 
ranaliculus, in bone, 435, 430 
Canals, Babylonian system, 16, 17; 

('anadlan, 4068 ; classes of, 5483, 
5485 ; commercial use, 4518 ; en- 
gineering construction, 5483, 6484, 
6485 ; excavation, 6336 ; French, 
1081, 1082, 1684 ; gauge, want of 
uniform, 5485 : German Rhine, 
6826; great, list, 4515; inland 
construction, 6483, 54S5 ; inunda- 
tion type, 5484 ; lockless, 6487 ; 
Russian, 2406, 2409 ; ship, con- 
struction and uses, 6486 
Canalisation, canals, definition, 457 
Canary, classification, description, 2209 


Cancelloeria Palace, Rome, Bramante’a 
arcliitecture, 3070 
Cancellous tissue, physiology, 436 
Cancer, lymphatic vessels in, 1196; 
Rfintgen rays cure, 4093 ; ultra- 
violet rays, effect, 3617 
Cancer, tropic of, equinox, 293 
(’ancer, Zodiac sign, 6251 
Candle-power, of incandescent lamp, 
2613, 2614 

Candle-wick, manufacture, 4838 
Candles, advantage as illiiminant, 
4835 ; antiquity, 4835 ; l)(K>ks 
on, 4834 : burning power, 5193 ; 
dipping, 4838, 4839 ; forms, 4840 ; 
illuminating value, 4840, 6024 ; 
in lighting mines, 3769 ; materials, 
1032, 4835, 4838; manufacture, 
4835 ; moulding, 4839 ; sizes, 4839 
Candy, for bees, recipe, 5961 
(bandying, process, 4848 
Cane, description 5723 : in basket- 
work, 5488 ; bending, 5723, 5721 ; 
seating, 5723 ; skeins, 5723 ; split- 
ting, 5723 ; uses, 3583 

— wliangce, use, 6724 

Cane stigar, formation of dextrose and 
Itevulose, 3706 

Canolla bark, source and uses, 6068 
CanidH', species, 1494 
Canine teeth, 1005 ; cutting, ago, 577, 
578 

Caning blade, use, 5724 
Canister top. describing patterns, 5347, 
5349 

Cannabis saliva : see Hctnf> 

Canning, foodstuffs, process, 5407 ; 
danger of ptomaine poisoning, 
5407 ; preservatives, 5408 

— fruits for, 4875 
Cannon-bone, in hoof of deer, 1870 
Cannon Street station, roof truss, 2448 
Canon-beetle, disease in beetr(K)t, 4048 
Canons, barriers to communication, 

4496 ; North America, 1062, 4069 
Canopy, in motor vehicles, 3023 
Canopus, magiiitudc, 6697 
Caiiova, sculptor,* 4119 
Cant board, described. 2727, 2730, 2731 

— rail of brougham, 2829, 2831’, 

of carriage, 272 

Canterbury bell, T)olIcn, protect ion, 1114 
Canterbury Cathedral, chapel vault, 
3146, 3147 

“ Canterbury Tales,” Chaucer’s, 325, 
3783 

Cantharides, source of, 3512 
('antilover, relative carrying cn])ucit.v, 
1987, 1988 ; under various loads, 
2226, 2227 

— bridges, 2737 ; military, 0209 
Canting fence, of saw bench, 6146 
Cantle, of riding saddle, form, 5339 
(■anto fenno, in music, 632 
(Canton, China, commeree, 2977, 6690 
Caiitoons, cloths, finishing, 4343 

” Cantoria,” Lucca deUa Robbia’s relief 
from, 3077, 3678 

Canute, King of Britain, reign, 2357 
Canvas, Admiralty test, 1701 

— jute, preparation for floor cloth 

manufacture, 6122 

— painting, background. 1020 

— sails, for painting, 1168 

— upholsterers’, 6715 
Caoutchouc: see Indiarubber 

— plant, flower, 3583 

Cap, boy’s polo, making, 5939, 6940 

— cloth, making, 6159, 6160; elderly 

lady’s, 6775 ; (Bengnrry, mumi- 
facture, 6/5.9, 6160; golf, making, 
6159 ; hatter’s stork, 3443 ; 
millinery, 5775 ; woollen cloth, 
early manufacture, 4619 
Cap. bullet, 6615 

— (iriviug, mining boring tool, 2606 
Cap spinning frame, mechanism, 2441 
Capacity, electric, of condenser, 3580 ; 

dielectric, 3580 

Cape cart, yoke attachment, 3126 ; 
hood, 2559, 3623 

Cape Colony, economic conditions. 
6660 ; geography, 3586 ; medical 
profession, 6428 ; sea fishery, 
6318 ; teachers, opening for, 3741 ; 
W(K>1 trade, 72, 220, 221, 224 


Cape-to-Cairo railway, 3587 
Cape of Good Hope, discovery, 2947 
Cape chisel, 4151 
Capella, star, description, 6117 
Caper-plant, classification, 352 
(’ap-front, of baby's bonnet, 5939 
Capillaries, in blood system, 954, 955, 
1193 ; digestive system, 677 ; 
food assimilation, 865 ; in lung 
air-cells, 1299, 1301 
Capillarity, explanation, 1374 
Capillary, circulation, 1193 
Capital account, bookkeeping, 490 ; 
double account system, 3332; in 
partnership concerns, 2756, 2978 
Capital, in architecture, Egyptian, 2526 ; 
Gothic, 3517 ; (ireek orders, 2858 ; 
Persian, 2659 ; proportion, 5977 ; 
Romanesque, 3231 

— in finance, defined, 1262 

— letters, rules in French, 418 

— of limited company, 3185, 3180, 

3331 

Capitoline Hill, Rome, 2933 
Cap-making, men’s, 0158, 6159 
Capon, quality indeiieiident of breed, 
5623 ; results of feeding, 5<»94 
Capotasto. in banjo music, 4312 

— in guitar playing, 1058, 3761, 3762 
Capping, in mining, methods, 3766 
Capricornns, Zidiac sign, 6251 
Capricorn, tropic of, sun’s position, 293 
Caprifoliales, classification, 353 
Capsicum, properties, 4721 
Capstan, hydraulic, 5070, 5677 

— lathe, expanding clutch, 962 ; fric- 

tion-geared head, 4913, 4917 ; 

types, 4918, 4919, 4922, 4923 
Capstans, 1685, 6498 
Capsule, of kidneys, 1602, 1003 
Captain, Army. 4199 ; marine, 6895 

— Navy, promotion and pay, 4402 
Capua, Italy, Hannibal at, 1381 ; 

principality, 2945 

Cnpybaras, classification. 1762 ; swim- 
ming apparatus, 2038 
(.’ar, ball(H)n, construction and use, 
3979, 3980, 3982, 39S4 
Car, obse*rvation, use in 4593 

Caracal la, Roman Emperor, 2071 
Caramel, characters and uses, 4165 ; 
prices, 6494 ; production, 30.12 ; 
in tinting glucose, 4558 
Carapace, of chistareans, 3807 

— of tortoise, 2799 
Carat, of gold, 361 

Caraway, clussiftcalion, 353 ; seeds, 4722 
(■arbamide : see (Tea 
Carbides, i)roductioii, 5758 
Carbonyl nickel process, 4306 
Curboliydrales, constituents, 439, 636, 
3111; contrasted with hydro- 
carbons, 2713 ; in dietetics, 3111 ; 
discussion of term, 3706 ; digesti- 
bility of, in starch foods, 866 ; 
digestion, 673 ; effect of excess in 
human body, 867 ; in livestock 
feeding, 2703 ; paraffin derivatives. 
3705 ; sources, 3111 ; in standard 
diet, 3380 ; starch, 5364 
Carbolates, separation from carbolic 
oil and decomposition, 5463 
Carbolic acid, antidote, 3710; as 
antiseptic, 3709 ; from coal-tai 
distillate, 5463 ; use as disin- 
fectant, 2590, 5055 ; formula, 

preparation and properties, 1163, 
3709; protoplasmic poison, 3017, 
3709 ; solution for beehives, 5962 

— cloth, for quieting bees, 5959 

— oil, uselessness in surgery, 3709, 

from coal-tar distillate, 6462, 596.3 
Carbon, action on other elements, 840 ; 
in Bessemer pig iron, 4907, 4910 , 
in cast iron and steel, 1045 ; 
chemistry of, 1046, 1167 ; cor- 
puscle emission, 4700 ; Dewar’s 
experiments, 1158 ; dietetic value, 
3109; in distilled coal-tar, 5462, 
distribution, 239 ; dynamo brush, 
1107 ; in electric batteries, 464, 
467; elements allied to, 1160; 
graphitic, 232, ‘2546 ; graphitic 
arc lamp pencils, 2414, 2416; 
graplutised, use, 6753 ; heat units, 
6194; in human body, 438; n, 

6919 
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Carbon — continued 

iron, lOU, 4746 ; percentafie 
and effect in iron and steel, 2:11, 
2:i ‘S ; in living things, 275 ; occur- 
renee, 229, 829; in plants, 170; 
])roportlon in earth’s crust, 239, 
624 ; in rolled steeled bars, 2938, 
plate following 3936 ; percentage 
in steel, table, 224, 225 ; in steel 
manufacture, 5015; universal 
presence of, 2713 ; use in electric 
lamps, 2612; varieties, 362, 1157 

— bisulphide, formation, properties, 

products and uses, 1718, 4625, 
4626; oil, solvent, 4830 ; sulphur 
solvent, 4625 

— compounds, 402, 516, 2712 ; chemis- 

try of : nee Organic chemistry ; 
synthesis, 4128 

— dioxide, absorption by plants, 22 ; 

aeration with, 6391, 6393 ; analysis, 
41] 4 ; animal exhalation, 22. 
6019; atmospheric constitu- 
ents, 3719, 3798, 6019; atmo- 

spheric, measuring apparatus,44i4 ; 
from chalk, 60 ; chemistry of, 1046, 
1158, 3487; combustion product, 
222; decomposition, 1598; grai)hic 
formula, 2714 ; in human body, 
438; in mines, 1158, 3768; mortar, 
penetration through, 1459 ; plant 
food, 170, 276; properties, 362; 
relation to carbonyl chloride, 3703 ; 
in refrigerating machines, 5404 ; 
in respiration, 1202 ; waste pro- 
duct of living organisms, 149] ; 
see also Carbonic acid 

— monoxide, in air, 3720 ; chemistry 

of, 362, 1158; combustion, 222 ; 
in mines, 2768 

— pencil, for shading, 2188 

— tetrachloride, properties, 1601 

— work, ill typewriting, 1698, 1920 
Carbonaceous rocks, 1073 
Carboiiatation, sugar, 2828, 4101 
Carbonates, gas test for, 4404 ; in 

earth’s crust, 768; varieties and 
distribution, 221 ; in water, 5761 
Carbonating tower, in ammonia sfida 
process, 4772, 4773 

Carbonic acid, discussion of term, 1158 ; 

nee alno Carbon dioxide 
(’arbonic oxide : nee Carbon monoxide 
Carboniferpus rocks, formation, 1921 ; 

system, 2«)67 ; strata, 2252 
f:arbonyI chloride, formula, 2714, 3702 
Carhorunduni. as abrasive, 813 ; forma- 
tiijii in electric furnace, 36.12 ; in' 
lens grinding, 6124 ; use, proper- 
ties, and production, 5758 
Carhiiretted water-gas. 6818, 6829 

— wheels, for teeth of cutters, 3408 
Carcase, in building, 307 ; in cabinet- 

making, OobJ 
Card index system, 652o 
Cardamolns, 4721, 4722 
Canlboard boxes and rolls, 6560, 6.5/;2 
Carder, textile machine, function, J541- 
1540 ; in felt manufacture, 1998 ; 
julc, fSSa, 1887 ; silk waste and 
ramie, 1725; tow, Jfifio 
Cardinal numbers, French, 1619 ; Ger- 
man, 2050; Italian, 2919; Latin, 
601 ; Spanish, 2768 ; nee alno 
^’umeral.s 

Carding, cotton, process and machinery, 
jrj4J : felt, 1998; jute, 1886; 
tow, 1885 ; wool, 222, 1544 

— engine, 7.542, 1543, 7544, JSS5 

— flats, definition and use, 1542, 1544 
Careers, choosing, 3 ; see alno Profession, 

and under separate headings, (lerk- 
ship, r'jvil Service, etc. 

Cargo, of ship, dead-weight capacity, 
5964 ; weight distribution, 0222 
('arihou, habits, 4065 
Carillon : see (iJockeiispiel 
Carinaria, shell-fish, modification oi 
foot, 5//.7, 3114 
I’arinahe, flying birds, 2209 
Carlyle, Jane Welsh, work, 2615 
Carlyle, Thomas, author, 2451, 2029 ; 
compared with Macaulay, 2615; 
contempt for Spencer, 5390 ; con- 
tempt of novels, 3986; instance 
of “ great-man ” theory of history, 


2987 ; on man as a lighter, 5245 ; 
on i>oetry, 304 ; tm struggle 
between right and wrong, 5289 ; 
on war, 5098 

Carman, coal-dealer’s, wages, 1990 
— railway ginids staff, duties, 5072 
Carman lienshire, geography, .1277 
('armen, conditions of work, 4189 
CarnalUte, 1042; Stassfurt deposit, 
5.5A5 ; extraction of potassium 
salts, 5585 ; magnesium extraction, 
5756 

Carnarvon, county, geography, 1277 
Carnations, classification, 254 ; culture 
and varieties, 6488, 049 1,049:i , 6532 
Caruauba wax, pnuluction, uses, 10:13, 
4835 ; characteristics, 4834 
Carnegie, Andrew, assistance to Scotch 
education, 482 ; early life, 195 
Carnivora, characters, 1494, 1763 ; 

elassifleatroii. 380; development 
of claws for climbing, 1871 ; evolu- 
tion of. 1761 ; swimming apparatus, 
2038 ; teetli, 577, 57S 
(’ariiivorous plants, 277. o07, 508 
Carpaccio, Vittore, painter, style, 2795 
Carpal bones, anatomy. 1708, 1709 
Carpathian Mountains, in Austria, 
1973 ; in Hungary, 2164 
Carpel, <u flower, defined, 346, 347 ; 

variation in number, 352 
Carpenters, emiiloyment conditions, 
2643 ; Marine, 680:4; Navy, 4265, 
4269 ; railway “ works,” 4592 ; 
ship, appointments to Coastguard 
.service, 3197 ; stocking tools for, 
2091 ; as undertaker, 5785 
Carpentry, architects* detail drawings, 
3090. 5698 ; dictionary of, 3389 : 
nee uho Ihiilding : heavy car- 
pentry, 46:19; joint.s, J.V7.7, 4111; 
see also Joinery ; materials, 3539 ; 
metal accessories, 364o, 3546 ; 

railway shops, 4646 ; roof work, 
4217, 4249, 4250, 4231, 4252, 

4233, 4254 ; staithes, 4644, 4043 ; 
timber jfants, 4039, 4044 ; timber 
used in, 54 ; timber work, 3753-9 ; 
tools and appliances, 3385, 3387, 
33SS, 4644 ; trestles, 4640, 4041 
Carpel -bedding, plaO- facing 6329, 6491 
Carpet merchants, the business of, 1625 

— weaving, 3990-1990 

Carpeting, problems in arithmetic, 1547 
Carpets, use in carriage trimming, 3621 ; 
Cheniile weft, 3ir>7 ; design. .1.1.57- 
3300, 5980, 6386, 6389, 6390 ; 

fini>hiiig processes. 4341 ; manii- 
laetiire, 3390 ; manufaeture<l in 
Asia Minor, 2719 ; mixed pile warp, 
3300 ; planning and laying 6722 ; 

— Axminsler, design, 3357. 33,58, 0383, 

6:187 : manufacture, 3993, 3996 

— Brussels, coulrasted with Wilton, 

3993 ; designs, .1.1.57, 3338, 03S8 ; 
manufacture, 3991. 3992 

— felt, manufaet lire, 1995 ; milling, 4108 

— Kidderminster, design, 3360 

— Oriental, manufaelure, 399:5 

— Persian, manufaet lire, 2817 

— tapestry, design, 3358, 3339 ; maini- 

faeture, 3990 ; velvet pile, 3996 

— Wilton, design, :5357, «.fA'«-6390 ; 

manufacture, 399:5 
Carpus, human anatomy 1708, 1709 
Carrageen moss, use, 1369 
Carriage, axle box, drawing, :1265, 3200 

— builders, employment conditions, 

2652 

— release, of typewriter, 1329 

— way, eonstnietion aer^iss footpath, 

2423 

Carriages, brakes, 3128 ; cleaning, 
JOOl ; design, 2555; funeral charge, 
5786; horse, 2404, 2403, 2460, 
2477 ; construction and dimensions, 
2.557; metal WDrk, 3325; motor: 
see Motor vehicles, ears, etc. ; 
))ainting, c/c., 3479-81 ; trimmings, 
2t32t ; under carriages, .1727 ; venti- 
lation, 302,5 

— of lathe : see Saddle 

— lofun lace, 4978 ; net, 4889 

— railway, demurrage fines, 5102 

— of staircases, in joinefy, 5298 ; con- 

struction, 5300, 3301 


Carrier beams, used in linen loom. 3912 
Carriers, animal, used in transport, 4517 

— Inimun, use in transport, 4516 
Carrion bettles, description, 2811 
Carrion crow, classification, 2210 
Carrot, 349 ; classification, 352 ; culti- 
vation, 944, 945 ; harvesting, 1666 ; 
insect )>olIination, 731 ; as live- 
stock food, 2704, 2905, 2892 

Cars, American railroad, trimmings, 
2621 ; railway Pullman, 4801 
Carr's furnace, explained, 2862, 2804 
Cart-horse, shire, 2073, 2073 
Cartilage, foundation, 1204 ; Roman 
invasion, 1281 ; Spanish colonics, 
2946; wars with Pyrrhus, 1203 
Cartilage, hist olog>', 435 
Cartilaginous tissue, human, 196, 425 
Cartoon, stained glass, 4945, 4947 
Cartridge cases, manufacture, 0013-0017 

— paper, niamifacf nre. 6400 
Cartridges, manufacture, 0013 

Carts, agricultural, 1846 ; plea.sure, 467, 
2403 ; two-w’heeled, side framing, 
2727 

Cartwright powder ItMun, 224, 1298, 3492 
(’aruncle, violet and pansy, 911, 912 
Carver's bench, 3809, 5810; knife, 
3809, 5810; punch, 0044, 6043; 
screw, 3810 ; tools, 41,50, 3809, 5810 
Carving, Boman relief, 2932; Koniaii- 
esque, 3234 ; in cabinet -making 
6584 

— food, 3214; recpiisitcs, principles, 

and methods, 3933, 5934 

— ivory, 2517. 6299, 0300 

— stone, Gothic variety of subjects, 

3517 ; iiolychroniatic, 3517 

— wood, 3809, 0043, 0133 
Caryatid, architectural order, 2858 
Cascara sagrada bark, source, 6008 
Cascarilla bark, source, uses, 6068 
Case, in grammar, 116 ; rules, 246 

— packing, joints, 411 1 

Casc-hardcncd metal, grinding, 3408 
Case-hardening, 210, 3107 ; axles, 

3:i2H ; iron, 234 

Casein of milk, composition, precipita- 
tion, 4033 : dissolving, ,5362 ; 
influence in cheese, production, 
4492, 4573 ; uses, 5149, 5;J62 
Cases, type, kinds, 5150, 3137 
Cash account, bank boo keeping, 4440 ; 
exjiluined, 489 ; old and iiew' 
met hods compared, 1864 
Cash book, bank account entries, 1968 ; 
hank btxikkecping, 4441 ; debit and 
credit sides, 1865; definition, 
778 ; disofmnt transactions, 079 ; 
of limited company, 3187 ; hwisc- 
leaf, 6522 ; modern entries of bank 
lodgments, 1968; old and new 
methods compared, 1864 ; I'elatioii 
to old-fa'shione’d journal, 1468 ; 
relation to bought, ledger, 2982; 
ill single entry, 3916 ; small shops, 
45; tabular system, 3567 ; see also 
Petty cash 

Cash-on-delivery system, 5930 
Cash-rail w’ay system in shops, 46 
Cash sales, explained, 979 ; book- 
keeping entries, 1969 
Cash trade, contrast with credit, 5927 
Cashiers, bank, clas.ses, 4441 ; duties, 
4588 

— in business bouse, 660 ; function in 

departmental system, 3416 
Ca.shrnere, airangement of tlireads, 
3909 ; warp, 2594 ; 'width, 180 

— shawls, 220 

Ca.sing boards of brougham, 2829, 2831 

u.se ill mine shafting, 3193 

('a.slon letter foundry, 6073, 0074 
Caspian sea, 2406 ; salt in, 1600 
Cassia, SQjircc, 4722 

— oil, composition, 5469 
Cassiopeia, constellation, 0110, 0117 
Ca.ssilerite, tin ore, 0161, 6734 
Ca.s.sowary, 2213 ; cl as.sifl cation, 2214 
Cast iron : see Iron, cast, 

(Castanets, musical in.strument, 5569, 
3370 

Caslclli, coherer, wireless telegraphy, 
3893, :m7 

Casting, dictionary of terms in, 2545 
“head" and artificial pressur 
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Casting — contin ued 

methodn, 140-i ; in machine eon- 
Ktrnction, 207 ; methods, materialB 
and processes, 2109^ 2337 ; pattern 
construction and moulding, 2453- 
24(il\ shrinkage precaiitions, 2698, 
2090; tooling allowance, 3310; 
weight estimation, 2099 

— in art metal -work, 5520 

— in bronze, art, 1674 

— calf, treatment, 2023 

— in iron working, 23,5 

— in pottery manufacture, 5234 

— in sculpture, 1217 ; figure, 1509 
Casting-box, stereotype, 655(i, 5557 
Castings, steel, lest pieces, 3901 ; faults 

(draws, blowholes, etc.), 3962 
Castor oil, source and uses, 1032, 46.58, 
4831 ; use in dyeing, 5780 

plant, seeds, 1032 

Castration, of calves, 2239 ; of liorses, 
2079 ; of pigs, 2309; of rams, 2304 
Casts, drawing, suggested groups, 1540; 
study in sepia from, 1794. 1795 

— plaster work, 5502 

— wood-carving, 0137 

Cal family, dcscrii)tion, 1705 ; uvaimns 
of defence, 2155; papilla* of 
tongue, 2535 ; skins and furs, 0420 
Catalogues, auctioneer’s desk, 4985 ; 
iroiiTnonger's, 3574 ; retail busi- 
ness, classes and IreatnH'iit, 6056 ; 
seedsmen's, cost, 4997 ; vehicle 
trade, 2730 ; wholesalers’, 0209 
Cataloguing, library systems, 0872 
Catalysis, 4135, 4630 
Catapult fruits, seeds, 910, 911 
Cataract, eye disease, 1954 ; operations, 
62(14 

Catarrh, causes, symptoms, and treat- 
ment, 6133 ; in cattle, 2622 ; in 
horses, 2020 ; in sheep, 2024 
Catch-crop, defbution, cultivation, 1233 
Catch -flies, i>lant, protection against 
insects, 1115 

Catch-pit, in drainage, 781 
Catch -St itch, milliners’, /.'ICJ, 4566 
‘’Catcher" apparatus, electric train 
staff, 4092, 4693 

Catenary curve, suspension bridge, 2498 
Catering, principles of, household and 
public, 5581, 5582, 5720; inn- 
keeper’s protlts, 3737 ; railway 
stations, 4810; yachts, 5721 
Catcri)illar, eharaoters, 3513 : exter- 
mination of, in agriculture, 1000, 
1007, 1068 ; f(K)d of birds, 2493 
Catgut, 6882 

Cathedrals, In buihling, donies, but- 
tresses, and vaults, 3147 

— Kuglish, arebiteeture, 3233; Oothic 

period, 3373, 3375 ; (lotbic stone 
carving, 3517 

Catherine 1., of Russia, reign, 6201 
Catherine II., Kinpress of Kussia, life 
and reign, 6201 ; travels of, 212 
Cathode : sec Kathode 
Catholics, English, Devonshire rising, 

3833 ; favoured by Queen Maty, 

3834 ; Catholic Emancipation Rill, 
5685; ])ei sccution by Eliza bet Ji, 
3997 

— in France, struggle v/ilh Protestants, 

4102 

— Irish, persecution by Elizabeth, 3999 
Cation : see K.'ithion 

Cat kin -bearing group, 351, 355 
Catkins, hazel, plate faring 728 
Cato the Ccus(»r, " Dclenda cat Car- 
thago," 1382 

Cato the younger, his death, 1515 
Cats, trade in, 891 

Cutseye, precious stone, 767, .5855, 6734 
Cattle, 250, 257, 258, 431, 432 ; abor- 
tion in, 1069; age indiention.s, 
2239; books on, 3471; breed- 
ing and fanning, 986, 2235, 2237 ; 
breeding, Scotland, 2236 : Rritish, 
2235, 2237 ; buying. 2701 ; dairy, 
breeding, 3000-3073 ; diseases of, 
2022-2024; Dutch dairy, 1836; 
fattening, 2238 ; feeding, *433, 2702, 
2704, 2904; housing of, 22, 2997; 
<»il8 as f<j6d, 1032; parasites, 2626; 
rearing, countries engaged in, 
5119; selling, 2701; stock foods 


for, 2904 ; teeth, 2239 ; tuber- 
culosis among, 5409 
Caucasia, geography of, .271 8 
Caucasian race, distribution, 027, 629 
Caucasus moiintains, 2400 
Cauda etiuinia, hhihan, 1941, 2143 
Cauliflower, classiflcatjon, 352 ; culti- 
vation, 1197; fl.u gratin, recipe, 

2126 

Caulking, importance in boiler-making, 
3098, 3100, 3107; of Lancashire 
boiler, 3104, 3106; of plates, 

metal, 3090, 3107 ; pneumatic 

tools, 1807, 5455, 5456; of water 
tanks, 1404 

Causation, and the new chemistry, 2553 ; 
iu relation to free will, 2995 ; in 
science, nature of, 4124 
Causeway, second pyramid, 2520 
Causey JMke, geological section, 1354 
Caustic alkali, effect on cotton, 5638 ; 
in manufacturing oxalic acid, 4781 

— potash, 842 ; formation, 5757 

— soda, effect on cotton, .5638; in 

dyeing, 5780 ; electrolytic produc- 
tion, 3262, 5759 ; industrial uses, 
4774 ; Leblanc and Loewig pro- 
cesses, 4773 ; manufacture, 4771, 
4774 ; properties, 841, 4774 ; in 
soap manufacture, 4964 
Cavalry corps, commissions, pay, 4198 

— Hrmsehold, servitre and pay, 3840 

— idne, service and pay, 384 1 
Cave-dwellers, weapons, 2478 
('av(‘rns, limestone, cause, 1502 ; under- 
ground, cause, 1505 

Cavetto, form of moulding, 5297, 5299 
Caxion Monument, 2286, 2288 
Caxton, William, first j)rinter of 
Chaucer’s works, 327 ; first English 
printer, 1608, 1609 ; life, 3604 
Ce (French pronoun), ph^onastic use, 
5800 ; agreement of Ctre, 5947 
( earn cotton, des<Tiptioii, 384 
Cedar, 6882 ; classification, 503 ; age, 
504 ; strength of limber, 1260 ; 
timber, 55 ; wood, use for carving, 
5809 ; wcK)d in vcliicle construc- 
tion, 2827 

Cedar of Lebanon, timber, 55 ; strength 
of tinjhcr, 1260, 1261 
Ceilings, panelled, 4755 ; ornamentation, 
2321 ; ))anelled plaster, 5502 
Celery, classification, 353; fritters, re- 
cipe, 2126 ; sanee, 1874 
Cclc.sta, musical instrument, 5508, 5754 
Olestial altitudes, 0243, 6245 

— sphere, imaginary, 0243, 6244 
Cell, auditory, function, 2316 

— in biology, 2()U, 276 ; animal and 

V(;gctable distinction, 276 ; chetni- 
cal power of, 1598 ; conversion of 
inorganic into organic substances, 
29 ; division, 381, 2032 ; dormant 
life, 277 ; “ genii ’’ and ’* organic," 
etc., 485 ; heredity : see. Gcrni-ccll ; 
osmotic pressure, 4562; ])rotozoaii 
niid metazoan, classification, 380 ; 
reproduction by fission, 381, 2032 ; 
see also <»crm-cell. 

— in bofany, 108, 109 ; of wheat, 194, 

195 

— electric, 462 ; energy, 467 ; standard 

I'cll, 790 ; storage : see .Accumu- 
lator, electric ; telegraphic, kinds, 
4904, 5067 ; testing, 400 ; typ(M», 
405 

— pliysiiilogical, description, 199; KkxI 

assimilation, 805 ; motor nerve, 
1710, 1711 ; ninsclcs, 1712 

— sap, in plant-eells, lOS, 109 

— theory, Schwann, 199; physiology, 

577 

— wall, motion, 200; of plant-cells, 

108, 109 

Cellar, grocer’s wine and beer, 3046 ; 

licensed victualler’s, 5737 
Cellini, ReiWenuto, style of sculpture, 
3078 

Cellular tissue, of plants, function and 
description, 170 ; of trees, 51 
Celluloid, coloured, 6470 ; dyeing, 0770 ; 
electrical Insulator, 072; manufac- 
t\ire and uses, 5470; for artificial 
teeth, 6033 ; for large type, 6070 ; 
ship hull eoating, 6572 


Celluloid, paper manufacture, 0400 
Cebulose, formula and properties, 52, 
5637, 0662 ; importance in distin- 
guishing plants and animals, 270*; 
in plant-cells, 108 ; of potato), 3706 ; 
in starch grains, 073 
(Celtic language, 1708, 3 771 
Celts, art, 3092 ; early history in 
Ireland, 2008 ; early history in 
Scotland, 2007 ; ethnological sur- 
vey, 1790 ; footwear, 3873 
Cement, adulterants, 1800; analysi.s, 
1850, 4415 ; in brickmaking, 1282 ; 
(*olour, 1859 ; density and quality, 
I860; ill drain laying, 733, 734, 
736 ; fineness, 1860 ; kinds, 1578 ; 
in linoleum manufacture, 5124 ; 
manufacture, 1578, 1853-1803 ; in 
])aving, 2510 ; setting, 1800 ; test- 
ing, 1521, 15*22, 1.523, 1858-1803 

— medina, 1579 

— mortar, manufacture, 049 

— natural, 1579, ir>8r> 

— Portland : see 1‘ortl'iiui cement 

— Roman, 1578; nintri.v, 1952 

— tooth-filling material, 5553 

— for water-tanks, 1404 
(‘ementation prbeess, in iron-working, 

234, 1045, 4749 

Cementing, in bootmaking, 4542 
Cenientite, component of iron, 3938 
Cements, varieties, 648, 1302 
Ceiinini, painter, 1023 
Centigrade therniometric scale, 0128 
Centipede, sea, 3950, 3957 
Centipedes, description, 3301, 3302 
Central America, ancient roads, 1977 ; 
geography, 4176, 4177, 4178 ; Der- 
maii trade, 5826 

( entral conics, problems, 5783. 5944 
('entral Provinces, India, 2818, 2822 
(Central London Railway, mileage 
receipts, 2274 
(’entral-seeded group, 354 
( 'entral stations, electric, 4298 
Centre bar, of light waggon, 2829, 2830 

— hit, use, 3386, 3387 

— line, in mine shafting, 3310 

— of buoyancy, defined, 1077, 1080; of 

floatjng vessel, 799, 800, 5909 ; 
cnlcu'lation, 5970, 5971 

— of circle, definition, 4208 

— of effort, in sailing vessels, 0225 

— ()f gravi*y, 799, 800, 1834; of 

area.s, vertical and horizontal, 
5909, 5970; of bodies at rest, 
floating, 5908, 5909 : in h.vdro- 
statics. 1077, 1080; of ships, 

calculation, 5972 

— of lateral re.sistance, sailing ve.sseD. 

0225 

— of pressure : see Centre of buoyau(*y 

— pill : see King bolt 

— pops, in lining out, 3318 

— punch, 5900 ; in shipbuilding, 5921 
Centres, gear wheel, hearings, marking 

out, 3090, 3092 ; measurement 
by, 3692 

Centre -weigh ted governor, described, 
2019, 2020 

Centrifugal forces, pendulums and 
governors, 2017, 2019 ; in dynamo 
armature windings, 2021 

— pump : see Pump, centrifugal 
Centring, in building, methods, 2385, 

2387 ; in vehicle (le(*()ration, 1348 
Centring machines, use, 5214 
('entr^baric bodies, iu physics, 799 
Centrode, in meclianies, 88 
C’entrolinead, 59S -000 
Cephalic index, e.xplained, 1786 
Cercaria, liver fluke, 3959, 3900 
Cere, of pigeon, 2211 
Cereals, classification, 355 ; cultivation 
of, 1229 - 1233 ; cultivation in 
Europe, 855 ; dietetic value, 3111 ; 
extermination of pests, 1067 ; 
fertilisers, 1199 ; germination, sow- 
ing seecj, 6*35 ; harvesting, 1662 ; as 
livestock food, 2704; as poultry 
food, 5433 ; rotation of crops, 
1199; of temperate lands, 4873 ; 
tropical and sub-tropical lands, 
4875 ; United Kingdom, 986 ; 
varieties, 872-874 ; wheat : see 
Wlieat 
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Cerebellum, human, anatomy, 197, 
2144-^2147 ; function, ; ner- 
vous system, 1941 
Cerebral circulation, 1194, 1195 

— hemispheres, anat-omy, 2/46' ; physi- 

ological psychology, 2299, 2:i00 
Cerebro-spinal fluid, 2145 

— system, human, function and struc- 

ture, 1941, 1942, 1943 
Cerebrum, anatomy, 197, 2144 \ 

nerves, 1941 ; physiology, 2299, 
2301 ; psychology, 2804 
Ceresin, 4835 ; hardening stonework, 
3244 

Cerin, constituent of wax, 1033 
Cerusite, lead ore, 4303, 5985, 0734 
Cervantes, Miguel de, Spanish author, 
2482 ; influence on English fletion, 
2962 

Cervical nerves, human, 1941 

— vertebrae, structure, 1005, 1000, 2144 
Cess, in railway construction, 3430 
Cesspool, in drainage, 780 ; detection of 

disused, 329 ; lead gutter, 5031, 
5032 ; sewerage, 4457 
Cetacea, characters of, 1494, 1763 ; 

swimming apparatus, 2039 
Ceylon, Civil Service, 3477 ; gtMi^aphy 
of, 2818, 2972; rubber industry, 
1154 ; lea, dietetic value, 3378 
('hacun (French pronoun), syntax, 5802 
Chad, Lake, description, 3582 ; inland 
drainage, 3454 

Chafer, insect pest, 4925 ; classification, 
3510, 3511 

( liaff-cutter, construction, use, 1350 
Cliatfinch, classification, 2209 ; nest, 
2507, plate precedino 2497 
Chain, definition, 88, 1147 

— bicycle, 3774, 3774 

— of crane, 542, 545 

— design, 2322 ; engine frames, 4206 

— driving gear, 4000-4003, 5354 ; 

Jle!iold “ silent *’ type, 5355 

— jewellery, manufacture, 5859 

— Kinematic, 687, 832 

— linear, in table, 226 

— rule, explained, 997 

— stitelj,in underclot fling, 3337, 3339 

— straining, use in iiiling, 1174 

— streii'Ztiis, 1700 

— survey, general account, 262 ; in 

railwa> surveying, 801 

— suspension bridge, 2498 ; stresses, 

2764 

— warp, 3489 

— verge w'atch, 0081, 6082 

— wateii, mending, 6083 
CImin-aiigles, in surveying, 264 
Chain-feed bench, sawmill, 6145 
Chain-leg, of derrick stagings, 1176 
Chair, American barber’s, 3297 

— cane-seating, 5723 
Chairs, forest industrj”, 4928 

— railways, construction, 3430 

— iipliolstering, 67/6, 0717 

— wooden, making, 6588, 6589 
(’liakaze copal, 10:14 

Chalcedony, precious stone, 767, 5S55 
Chaleorite, 6305. 6734, 

Chalcopyrites, nickel ore, 5981, 5982, 
6734 

Chalk, in agriculture, 255 ; in clays, 
1279; chemistry of, 8i3; deposit 
of Itritish, 1817; in cement manu- 
facture, 1579; formation of, 
558 ; in foundations; 332 ; geo- 
logical classification, 1073, 1074; 
geological formation, 1815; effect 
of heat, 60 ; in pastel work, 1061 ; 
photomienigraph of, 7674 ; (piarry- 
ing, 3191 ; in rubber manufacture, 
5203 ; siiading medium in <irau- 
iiig, 1533, 2188 ; in soldering, 
5(e29 : weathering, 2835 

— French, ifi gelatin moulding, 1673 

— w'hite, in eoinent manufacture, 1855 ; 

deposits in South England, 1455 
Chalk-stones, formation, 6038 
Cliamber of Conimoree, ijondon, ex- 
aminations, 148 

— in drainage, 734, 735 

— gears, use, construction, 1686, 1087 

— kilns, 1729, 1730 
Chaiuberland porous filter, 5765, .5767 
Chameleons, deseripMoi*, 2678 

(jtl22 


Chamfer, in building, 5179. 5181 
Chamois, Alpine, even-toed foot, 1870 

— leather, maiiiifactiire, 1166, 3165; 

dyeing, 6649 

Champlevi^ enamelling, 3234, 5689, 5090 
Chance's artificial atone, 534 
Chance, laws of, discussed, 050 
Change wheels, in lathe, 835 
('hannel, drainage, description, 570, 736 

— in drain-pipe, use, 73 :f 

— in girder, 544 

Channel Islands, cattle, 986 ; geo- 
graphy, 980, 1367 ; history, 2611 

— paved, in building, 2516 

— section. In plating shop, 3090, 3107 
Channelling, in bootmaking, 4139, 4542 ; 

in mining, 2957 ; in road drainage, 
2320 

Chanter, of bagpipes, description, 
5059, 5000 ; of Iriab bagpipes, 
compass and keys, 5063 
Clianterelle, of banjo, 4310, 4311 
“ ( liaotism,” in philosophy, 6253 
Cliapes, bridle, 5057 ; of harness, 4886 
Chapman, George, dramatist, 846, 847 ; 
editions, 819 

Chara, description, 1369, 1373 
Character, importance in life, 1744; 
factor in journalism, 381 1 ; im- 
ixjrtanee of in practical affairs, 
1286; influence of government (»n, 
4371 ; relation to edneation, 2860 ; 
relation to reason, 2805 ; relation 
to will, 2993 

— servant's, law concerning, 610, 611 
Characteristic, of logarithm, 6627 
Charcoal, characteristics, preparation, 

1167, 6882; chemistry of, 1046, 
1157; as disinfectant, 1157; as 
drawing medium, 1020, 1534, 2188 ; 
filters, 1167 : manufacture, 6758; 
wo<^d distillat ion product , 5464 , 5465 

— aniiiiul, manufaeture of, 1167; 

weight, 1704 

(^hareoal -block filter, 3380 
Cliarge, eJectromagnetic, relation to 
mass, 3618 

— in static electricity, positive and 
negative, 3579, 3580 ; relation to 
capacity, 3,580 

Charing Cross Station, roof truss, 2448, 
2449 

Charlemagne, King of the Franks, 
2915, 2916 ; Emperor of the 
West, 2947 

Cliarles’s law, in physics, 1566, 1805 
Charles's Wain, constellation : Great 

Lear 

Charles 1. of England, at Carisbrooke 
Castle, 2611 ; “ Progress to Guild- 
hall," plate facing 4369 ; reigrj, 
trial and execution, 45.52, 4553, 4762 
Cliarles II. of England, biography, 
reign, 4762 ; miniature of, 1002 
Charles IV. of France quarrels witli 
Edward II. of England, 3076 
Charles V. of tierinany, cuiifest for 
power in Italy, 4322 ; political 
j)ower, 3650 ; poSHesstoii.s, hi<t- 
graphy and wars, 4396 
Charles VI. of France, latter years of 
. reign, 3251 ; Henry V. of England 
becomes regent during reigfi, 34(i:t ; 
Hundred Years War, 3464, .3465 ; 
institution of paid army, 4102 
Charles VIII. of France, acquisition of 
Itrittany, 4102 

Charles IX. of France, civil war, 
massacre of St. Hnrtliolomew, 4102 
(diaries X. of France, reign, abdication 
and death, 5239 

Cliarles X. of Sweden, w’ars, 5396 
Cliarles XTI. of Sweden, reign and 
wars, 5396, 5397 ; war with Peter 
the Great, 6201 
Cliarles XIV. of Sweden, 6446 
Charles, Archduke of Austria, candidate 
for hand of Mary Queen of Scots, 
3997 

Charles, Duke of Burgundy, wars with 
J.oiiis XI., 4102 ; defeated by 
Swiss, 4399 

Cileries, Robert, of Hungary, imiirove- 
merit of country, 4399 
Charhvck, weetd, defined, .352 ; eradica- 
tion of, t378; w»ed of. 630 


Charlton white, pigment, 1036, 5143 
Chartered accountants, exan^nation 
for, 148 ; Institute of, value of 
diploma, 1068, 1069; Scottish 

examination, 149 

Chartered Institute of Secretaries, 
examination, fees, age, etc., 148 
Chartres, France, cathedral, 3374, 3375 
Charts, calculating, use in technical 
drawing, 4329 

— nautical, 6662 
Charwoman, duties, wages, 1094 
(Glasers, of dies, form and use, 448/ 
Chases, formation in brickwork, 2513 ; 

used in electrot.vping, 5559 

— compositor's, in printing, 5252 
Chasing, in art metal-work, 5526 
Chassis, motor-car, ’2557, 3903 ; three- 

quarter elliptic springs, 3328 
Chateau of Blols, newel of stone stair- 
case, 3242, 3244, 3245 
Chatham, geography of, 1275; Royal 
Marine station, 4269 ; harbour 
regulations, 0220 
Chatterton, Thomas, poet, 995 
(Jliaiicer, Geoffrey, life, works, criticism, 
324, .3077 ; influence on Knglish 
grammar. 324; influence on Eng- 
lish fiction, 2963 ; language used 
by, 1608 

Chauffeur, of motor-car, sent, 3906 
riie(!k springs, of van, 2829 
Clieck till, use in br.anch shop, 5029 
Clieekers. in iiarness and saddlery 
manufaeture, 4784 

Cheddar eiieese, aridity, 4492 ; rom- 
positlon. 4490; dietetic value, 
3311 ! inanufactiu’e, 4571 ; ri|)ening 
proetws, 4573 

Cheek bone, huiuaii, 1604, 1605 
Cheeks, bridle, manufacture, 50.57, 
50.58 ; of harnes;:, dimensions, 
4886 

Cheese, acidity, 4492; adulteration, 
3716, 4715 ; bliie-veincd, luanu- 
faetiire, 4574; Cheddar: see 
Clieddar clieese ; Cheshire, types, 
iiiaiiufaeture, 4574 ; in cookerj', 
2335 ; countries priKiucing, 51 19 ; 
dietetie value, 331 j ; fat, quantity 
of, 457:$ ; ferments in, 4036 ; 
imports, 190.5, 3551 ; kinds, 3551, 
3552 ; lactic acid bacteria, per- 
centage, 3536 ; with macaroni, 
value a.s food, 3601 ; manufuo- 
ture, 4489, 4574 ; nutritive value, 
3599 ; pri^ss, 4573 ; ])roductioii of 
giHxl, 4489 ; ripening, cause of, 
4036 ; varieties, 4489, 4490 

— aigrettes, r(*cipc, 2ti03 

— cu.sturd, recipe, 2003 

— dairy, equipiiiciit, 4489 

— skim, constituents, 40:u 
Ciieesemaking, 4489, 4491, 4492, 4574 ; 

barterin, inlliience, 3553 ; quality 
of water, 4489 

Cheese-mite, classification, 3805 
Chef, w'ages in restaurant, 5584 
Chclicene, of scorpion, 3803 ; of spider, 
3803, 3804 

Chemical action, geological effects, 13.55 

— aiial.VBis, 4403, 4406, 4407, 4416; 

qualitative, 4404, 4405 ; (juantita- 
tive, 4411; sampling, 4416; 
spectroscope test, 4406 ; systemo- 
tie examination, 4408 ; books, 4403 

— forces, 238; electrical nature, 

Thomson on, 2297 

— s.vnthesis of vital products, 237 

— trades, employment conditions. 2656 

— union, explanation of, 2297 
Chemicals, photographic, prices and 

uses, 4421 

— trade returns, British, 6004 
Chemieking, in d.voing, bleaching, 6197 
Chemise, girl’s, 4473 ; in laundry work, 

folding, 2910 ; shapes, cutting out 
and making, 3472, 3473 ; young 
child's, drafting, 4060, 4051 
Chemist, “ as creator,” 4129 ; examina- 
tions for, 161 ; length of life, 4528 ; 
openings in colonial municipalities, 
3743 ; pi>armaceutical, business of, 
1652, 1650; railway, 5102, 6103; 
railway engineers, 6103; trading 
and practising as, 1051 
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Cliemistrj^ analytical, bookH on, 668» ; 
apparatUR, 2t0, 4093 ; atomic cliv 
intoizration, 2391 ; atomic theory, 
092, 2080: «cc aho Atom< and 
biology, 134; books on, 6689; 
branches of, r>l 6 ; of carbon 
compounds : nfic Organic Chemis- 
try ; compounds : tsee under name 
of element^ etc. — c.r/., t.ulphatc 
of potassinin under Potassium 
sulphate; of consciousness, 3140; 
division into organic and in- 
organic, 2710; of drugs, 4006; 
employment in commerce, 237 ; 
equations, 694 ; equivalents, law 
of, 695; fixed proport ions, law, 694 ; 
of foods, 238 ; formula*, 696 ; 
future of, 238, 4136 ; and geology, 
844 ; history, 58 ; of living 
matter, 516 ; lHl)i)ratorics and 
instruments, 61 ; mixtures and 
con>pounds, 692 ; inf»lecules, 692 ; 
notatioi*, suffixes and j>rcllxe.s, 
1045; public otlicps, 786 ; r<‘lalion 
to electricity, 238 ; relation to 
physics, 402, 1144, 2080, 2391; 
scope of, in modern industry, 58, 
642 

— applied in commerce, 4316; dic- 

tionary of terms, 4317 : tteo also 
sprifir subiects — e.g.. Alkalies, 
Soaps, etc, 

— astronomical, atomic evolution, 4135 

— celestial, 3371 

— imitative, defined, limitations, 1130 

— metallurgical, scope, 3835 

— the new, theoretical importance, 2552 

— physical, scope, 2080 ; nooks on, 6089 

— pliysioloffical, 438 

Clicmists and druggists, business of, 
46, 165 

Chenille, designing for, 6506 ; weaving 
3157 ; in Axminster carpets, :i9U4 
Cheque, really bill of exehaiige, 1089; 
form, precautions against fraud, 
3482 ; not cleared, in bookkeeiiing, 
1868 ; paying process in lOnglish 
and Scottish banks, 1966 

— book, definition and functions, 778 ; 

use by current depositor, 4291 
Cherbourg, breakwater, construetiou, 
76 ; naval station, 1684 
Cherries, season, 1531 ; preserving, 4846 
Cherry pulp, preparation, 4846 

— tree, culture, 6677, 6682 

Cheshire cheese, composition, 4491 ; 
acidity, 4492 

('host, htiman, bon<*s of, 1605, KiOil ; 

and respiration, ViOO, J-iOI 
■ — of drawers, making, 6586, (i-jS7 
Chester, antiquity of, 1277 ; bridge, 
described, 2497, 2499 ; derivation 
of name, 1769 

Chesterfield, l^arl of, “ betters to His 
Son," 2139 

Chesterton, (i. K., critic, 2785 
Chestnut, 6682; classification, 355 ; 
husks, use in ilyeing, 5780 ; 
timber, 56 ; iiscd for carving, 5839 
Chestnut oak, bark as tanning agent, 
3012, 6066 

Clieve system of notation in music, 
805 

Cheviot Hills, heights, 1271 ; situation 
of, 984 ; volcuiiie rocks, 2253 
Cheviot slice]), 2363, 

— wool, number of fleeces in bale, 

1120; production, 71, 72, 221 
Chian)scuro, in art, 725, 21S4-21SS; 
drawing in monochrome, 1793 ; 
principles of, 1534 

Chiasmus, in grammar, defined, 1616 
Chicago, meat industry, 5119; teach- 
ing of sociology, 4123 ; tinned 
f(Kid products, 3820 ; manufac- 
tures, 4174 ; touring. 1649 
Chicory, in coffee, 3379, 5581 
Chicken-pox, incubation, 5412; symp- 
toms, 6260 

Chicken, boiled, cooking, 1874 ; chand- 
froid of, cooking, 1875 
Chicken - bouses, types, !i092, 5093 : 

(tee also Poultry -houses 
Chickens, breeding, 4662 ; cages and 
baskets, 5093 ; care of, 5092 ; 
hatelling early, 5629 ; hatching in 


incubator, 5263 ; hatching pro- 
cess, 5092 ; Palmer's l ations for, 
5436 ; purchase and transport, 
509:i ; ration for, 5094, 543.5 : see 
also J*oultry 

duckweed, amnial weed, fiS2, 1378 ; 

classification, 354 ; fertilisation, 909 
Chiffon, in millinery, cleaning, 6042 ; 

joining, 5621 ; washing, 2911 
Chigger : see Sand-flea 
('hih, t'hinese measure. 409 
Child, psychology, development of self- 
consciousm.'ss, 2373 ; growth of 
perception, 2803 ; mental de- 
velopment, recapitulation theory, 
3117 ; origin of study, 3117 ; 
variability of attention, 2258 
“ Childe Harold," Byron, 1308 
Children, ailments, 4684 ; air used in re- 
pos(‘ and at work, 3801 ; alcoholism 
inborn, 5674 ; alcoholism in parents, 
etfeet, 5812 ; the amusement 
problem, 641 ; baths, 4864 ; 
boracised milk, etfects on health, 
3821 ; brain, weight and size, 
2145, 4862 ; care of eyes, ears, 
teeth and liair, 4863 ; clothing, 
3744-3746, 4050 : see also under 
Boy, tJirl, Infant; comparison of 
(ientile and .lewish, 4665 ; dan- 
gers of school life, 4862 ; dentistry, 
5553 ; diseases of, book on, 5427 ; 
diseases at school, 4862 ; dress, 
hygiene, 4863 ; exercise, 4683 ; 
feeding of, 674, 4861, 6037 ; help- 
lessness com])ared with young of 
animals, 4539 : hygienic clothing, 
4683 ; millinery, materials, 5939 ; 
and monogamy, determiriing factor 
in its doini nance, 4537 ; mortality, 
comparative*, 2791 ; nationalisation 
of, reasons against, 4538 ; nurs- 
ing, 6288 ; observation, value of 
training in, 1H81 ; over-pressure in 
school life, 4862 ; parental control, 
6850 ; pauper. Poor Law' provisions, 

1 930 ; physical culture, 4387 ; 
respiration, 1361 ; school law 
affecting disease, 5056 ; sleeping, 
43tH, 4684 : standard diet, 3381 ; 
teeth, regulation, 6035 ; teeth, 
fitting, 576 ; use of Saturday's 
holiday, 4391 ; vertobrse of, 1605 
Chile, economic conditions, 5661 ; 
geography of, 4282, 4289 ; popula- 
tion. 628 ; products, 5061 
Chile salti)ctre, 842, 6734 
Chilled iron, process, 235 
Chilling, metals, described, 210 
('l)imb, violin, 2121, 2122 
Chimney, of boiler smoke-box, 3105 ; 
in milling, definition, 2378 ; a 
im*aiis of ventilation, 4019 

— bars, bond, smoky, stack, 23fi7 ; 

use in building. 5797 

— breast, in building, 23fi7, 238S \ 

underpinning, 918 

— piece, marble, 3246 

— stack, finishing, in building, 2268 
Clnmi)anzec, plate facing 1491 ; skull, 

J7S7 

Chin, in sculpture, position, 1511 
Cliin-rest, violinist's, 2123 
Chin-strap, cart-horse bridle, manu- 
faetnre. 5057 ; of harness, dimen- 
sions, 4886 

China, art of, 2660 ; 7 area of coalfields, 
5302 ; coal and iron deposits, 5304 ; 
coins, weights and measures, 409, 
5658 ; cotton industry, 383, 384 ; 
economic conditions, 5380 ; econo- 
mic resources, 5000 ; ethnology, 
1789; geography, 2974, 2975, 

5658 ; hereditary succession, 215 ; 
history, 215,6693; Indian exports 
and imports, 5381 ; Industrial con- 
ditions, 5658 ; .lafianese war, 6604 ; 
jnte industry, 719; opium war, 
6600 ; population, 628 ; products, 
5658 ; ramie cultivation, 720 ; 
rice-growing, 10 ; silkw'orm cultiva- 
tion. ,582 ; tea consumption, 3378 ; 
trade, charoidcr of, 5379 ; trade 
with .Tapan, 5659 ; trade with 
Russia, 5708 ; trade with U.S.A., 
(1904-5), 5664 


Cliina and glass, business, 1893 
China Sea, Continental shelf, 298 
China, English bone, features, 5606 ; 
manufacture, 5606, 56*^7 

— clay, composition, preparation for 

earthenware, 5160 ; i^ firebricks, 
1285 ; see also Kaolin 

— dealing in, 46, v893 
Chinchilla, skins and fur, 6420, 6430 
Chinese, as labourers, 6030 ; skull 

measurement, 1785, 1787 
Chinese Empire : see (iiina 
Chinese insect wax, 1033, 4835 

— language, English im])ortations 

1770 

— nettle : see Ramie, i)lant 

— verniilion, pigment, 871 

Chinook winds, effect on agriculture, 
4495 

Chip-carving, designs, 5810, 5811, 

5980 : see, also Carving 
C!hii)ping, pneumatic, tools, 1807 

— in sculpture, method, 1510 

— in w’orkshop practice, 3087 
Chipping chisel, function. 3107 
Chiropodists, business, 1895 
Chiroptera, bats, characters of, 1403 ; 

flying apparatus, 2037, 2038 
Chisel, action of, 4259, 4261 ; in en- 
graving, 5529; functions and (|nali- 
ties, 414{1, 4151; grinding, 4150; 
used in inetul-work, 5522, 5524 ; 
temper, 4746, 4749 ; varieties of, 
4151, 4152 

— boring tool, in mining, 2606, 2G08 ; 

in r()i)e boring, 2845, 2846 

— cold, used in chipping, 3687 

— mason’s, description, 2837, 2330 

— plasterer’s, 5197 

— w'cll-sinker's, 4479. 4481 

— w(M)d-cuttiiig, picture framer's tools, 

4611 

Chladni’s vibrating plates and sand 
" figures," 2106 
Chlidoma carpets, 1626 
Ciiloral, action of, 3142 ; decomposition 
by alkalies, 3270 ; introduction 
into medicine, 3270 
Chlorates, manufacture, 5760 
Chloride, defined, 839 
Chlorine and aluminium, 350 ; atom < 
electro-negative, 2297 ; chemical 
properties, uses, 1444 ; Deacon’s 
process, 4777 ; discovery, 61 ; elec- 
trolytic preparation, 3262, 5753, 
5759 ; from chloroform, 3270 ; 
in gold extraction, 4305 ; li(iue- 
faetion, 949 ; maniifaeture, 4776, 
5759 ; properties, 1444, 4776 ; 

proportion in earth’s crust. 239 ; 
uses, 1444, 4776 
Chlorite, mineral, 768, 6734 
Cliloroform, discovery as ati.Tsthetic, 
3140; discovery, uses, chnrac- 
t eristics and preparation, 3270 ; 
effect on nerves, 1943 ; formation, 
1601 ; a iirotoplasmic poison. 
3017 

Chlorophyll of alga*, 166; action in 
forming coal, 1157 ; decomposition 
agent, 1598; function, 172,3110; 
iron in, 1046 ; in leaves, 036 ; 
necessity for light, 504 ; in ilis- 
tingiiishing animals and plants, 
276 

— gramiles, cxjjlained, 170, 171 
Chocolate, countries using, 4962 ; how* 

made, .3379; nmnufacture, or^.io ; 
refrigeration, 5405 

— beverage, recipe, 2334 

— cake, recipe, 2332 

— fingers, manufacture, 3595 
Chocolates, kinds and priiTes, 5494 
Chocks, in mining, use, 3560, 3562 
Choir, arrangement of voices, 5895 ; 

pitch of voices, 1058 ; teaching by 
tonic sol-fa, 806 

— training, books on, 3866 ; methods, 

.5895, 5896, 5896 
Choirmaster, duties, 5895 
Choke-damp, defined, 232, 362, 1158 
Choking, treatment, 6473 
Cholera bacillus, 6540, 6541 ; causes, 
stages, and treatment, 5410 
Cholestrine, in wool, 5767 
Chondrin, in glue, 3560 
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Choi»in, musician, method of lingering, 
18t<9 ; nocturnes, 1890^ 2023 ; 

study of, influence on techniiiuc, 
2023, 2024 ; technique of, 1507 
Chops, of pendulum clock, 5714 
Chord, of cyrcle, 285, 287, 5043 

— in music, 363 ; arpeggio, 271 ; con- 

nection of, 364 ; Angering in 
pianoforte playing, 1888 ; funda- 
mental, in guitar playing, 

3705 ; harp music, 3,525, 3527, 
8689, 8699 ; inversions, .56,5 

— common, ratio of notes, .2103 

— scale of, in geometry. 492 

— scoring for orchestra, 5885, 5889 

— in tonic sol-fa notation, 925 

— violin playing, broken, 2314 \ four- 

string, 2111, 2413 
Chorea, symptoms, treatment, 6201 
Choroid, of eye, 2402 
Chrismator>-, early German silver- 
smithing, 5687, 5088 
Christian Church ; nee Cl)nrch 
Christian Science, healing caused by 
auto-suggestion, 3663 ; psycholog- 
ical basis, 2550 

Christianity, in Africa, 3279 ; in Asia, 
2716 ; attitude towards women, 
4826 ; compared with Hinduisju, 
418 ; geographical distribution, 
029 ; earliest days in Ireland, 2609 ; 
in the Middle Ages in Europe, 
2241 ; JiTero’s persectitions, 1938 ; 
idiilologioal importance in England, 
1769 ; in Rome, 1830, 2069, 2070 
Christinas rose, nectar cups, plate 
facing 728, 731 

Cliroism, of precious stones, ,5853 
(.'hromatic aberration, in lenses, 6123 

— s^’iile, in musie, 272, 273 ; in tonic 

sol-fa notation, 924 
Chrome, distribution, 3772 , manu- 
facture and composition, 5144; 
use in bronzing casts, 1673 

— alum, 1043, 4780; in tanning, 3162 

— brown, dye, fixing, 5956 

— green, origin of name, 5954 

— iron ore, refractoriness, 3942 

— leather, finishing process, 3456 

— steel, 234 

— tanning. 3162, 3456 

— yellow, in oil painting, 871, 6734 
Chromic acid, reagent and test, 4410; 

test for alcoliol, 3020 
Chroming process, in tanning, 31^2 
Chromium, chemistry of, 1043 ; in 
pottery, colouring, 5382 ; pro- 
portion in earth's crust, 239 ; 
reagent and test, 4409 ; in steel, 
4748 ; symbol and atomic weight, 
517; as tanning agent, 3162 

— oxide, in magnetite lamp, 2684 ; 

in oil painting, 871 
Chromocyanine, mordant dye, 5956 
Chromo-lithography, iii decorating 
pottery, 5384 ; women workers. 321 
Cliromo-proteins. chemical classifica- 
tion. 4134 

Chromosphere, of sun, 6252 
Chroniot ropes, dyes, fixing, 5956 
Chronograph, shot-velocity test, 6613 
Chronometer, marine, 5787, 6658 
Chronometers, making. 6084 
Chronopher, telegraphic, 5630, 5537 
Chrysalis, coloration of exposed, 3515 ; 
hawk-moth and puss-moth, 3613 ; 
methods of protection, 3515 
Chrysanthemum, 354 ; culture, 6487, 
6.532 

Chry8ober>'l, precious stone, charac- 
teristics, 5853, 5855 6734 
Chrysoehrea, plate facing 3361 
Chrysolite, oriental, 5853, 5855 
Chuck, drill, use, 5007 

— in fixing mechanism, use in grinding, 

3404, 3408 ; types, 3317, 3320 , 3322 

— lathe, types, 4918, 4923, 4924, 0864 
Chuffs, bricks, description, 643, 1947 
Chump pieces, of brougham, 2820-2831 
Church, arcliitecture, Byzantine, 3090, 

3091 ; early Christian, 3089 ; 
(iothic period, 3373, 3374, 3375 ; 
Renaissaix-e, 3675 ; Romanesque 
I»eriod, 3231 ; study hy designer, 
5H18 ; village, architectural design, 
2284, 2286 

6924 


Church, the Ciiristian, attitude towards 
marriage, 4535 ; early architec- 
ture, 3089, :4090 ; Henry II. and 
Bidicial authority of, 2913 ; and 
Henry IV., 3251 ; mediaeval dog- 
mas and logic, 6999 ; women 
pastors, U.S.A., 321 

Church of England as a career, 162, 6599 
Churches, ministers of, 6599 
Ciiurka, in cotton industry, 387, 389 
Cimrii, in dairy fanning, care of, 4213 ; 
cleaning, 4280 ; systems, 4279 ; 
use, 4279; varieties, 4279, 4281 
Churning, in dairy farming, 4279, 4280 ; 

preparation of cream for, 4213 
Cibber, Colley, dramatist, 1150 
('icada, insect, 3364 ; plate /tfciug.’kPll 
Cicero, the Orator, and Cataline C«>n- 
spiracy, 1513 ; life and death, 1671 
Cider, composition, 3315, 6356 ; maim- 
facture, 0350 

Cigar, description, manufacture, ma- 
chines, 4374, 4376 ; quality, 5601 ; 
storage and cuiiditioniiig, 5601 

— Havana, 5601 ; from Cuba, 5380 
Cigarettes, effect on voice, 2539 ; origin, 

manufacture, and machines, 4375. 
4377, 4378 ; mouthpieces. 4377 ; 
shape. 4376; smoking, physio- 
logical effects, 4011 

Cilia, of bacillus, 6437, 6439 ; of cells. 
200 ; of ciliates, 4088 : of tube- 
worm, 3956 

Ciliary muscle of eye, use, 3179, 2954 
Ciliated epithelium, motion, 200 
Ciliates, description, 4088, 4089 
( imabuc, not the father of modtrn 
painting, 3518 

(Cinchona, classification and use, 354 ; 
grown on Andes slopes, 4286 ; 
Peru, 4290; Venezuela, 4287 
Cinchona bark, 4873, 6067 ; cultivation, 
6067 ; Hahnemann’s experinient, 
5430 ; marketing. 6067 ; medicinal 
value, 4873 ; mosfi covered. 6067, 
6008 ; sources, 4873, 6067 ; species, 
6067 ; source of quinine, 4012, 6067 
Cincinnati. U.S.A., meat industry, 
commerce, 4174 ; touring, 1649 
Cincinnati grinding machine, 3407, 340 
Cinder-bed, in moulding, 2458 
(’inematograph, principle and use, 
2951 ; use of collodion, 5470 
Cinnabar, mercury ore, 361, 4307 6734 
(.’iniiabar-moth, larva*, 3514 ; colour of 
adult, 3516 

Cinnamic aldehyde, defined, 4971 
Cinnamon bark, 4873 ; preparation, 
and uses, 6068 ; source, 4721, 6068 

— oil, composition, 5469 
Cinnamon-stone, 58i»3, 5855, 6734 
Cinquefoil, nectar, 731 

Clone, Andrea del, work of, 3518, 3519 
Circle, area problems, 1251 

— on circle work, in building, 19.'il 

— In drawing, origin, 2321 eneloscd 

ornament for, 2398, 2399 ; treat- 
ment in perspective, 590, 697 

— generating, definition, 1414; in 

drawing spur-wheel teeth, 3039 

— geometry of, 792, 1012, 1411, 5043 ; 

contact of circles, 5198 ; circuin- 
seribed and inscribed, 744 ; con- 
centric, 285, 287 ; definitions, 285, 
287, 4208, 5043 ; problems, 2005, 
2007 ; propositions on, 5043, 5 197 ; 
rectangles connected with, 5337 ; 
tangent properties 5197 

— great and small, vertex, 0065 

— letters in shorthand, 427, 587, 689 

— of nerpetual apparition, 6117 

— of Willis, anatomy, function, 2147 
Circuit, ill electricity, 463, 669 ; leaking 

and breaking, 464 ; open, 466 

— telegraphic, d •scription, 4605 

— telephonic, testing, 6080 
Circular measure of angle, 6085 

— notes, issue by bankers, 4294 ; 

account, bank bookkeeping, 4441 

— saw, -0449 

— skirt, cutting, 524, 625 
Circulating decimals; see Recurring 

decimals 

Circulation of the blood, 675, 952. 
1192 ; in brain, 2147 ; influence of 
will, 5841 ; see also Blood 
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Circulation, pipe, domestic waU*i 
heating, 6018 

— telegraphic, defined, 4605 
Circulatory organs, 102, 955; use, 196 

— system, diseases, 6036 ; nutrition 

agent, 865 

Circumference of circle, definition, 4208 
Circumferenter, in surveying, 159 ; in 
underground surveying, 803 
Circumtlex accent, 124 ; special rules, 
449 

Circumscribed circle, in geometry, 744 
Circumvallate papilla*, of tongue, 
structure and function, 2536 
Cire perdue, bronze easting, 1674 ; 
casting, 5526 

Cisterns, house, materials for, 4159, 
5632 ; flushing, failure of trap, 781 ; 
for rain-water, 781 ; sanitary, 5054 ; 
slate, 3248 ; water-waste prevent- 
ing, 5631, 5634 

Citric acid, preparation, 4782 ; jiroper- 
ties and uses, 3704, 3705, 4782 ; 
reagent and test, 4411; reduction 
of body weight, 3016 ; source, 
3112, 4782 

City Corporation, London, general 
account, 318, 320 ; auditor’s 

salary, 1068 ; clerks’ salaries, 1213 ; 
finance dept, salaries, 1067 ; gas 
examiner’s salary, 787 ; medical 
officer’s salary, 698 : rate collector’s 
salary, 1069 ; relieving officers' 
salaries, 1927 ; solicitor’s salary, 
1410; surveyor’s salary, 455; 
tow'll clerk’s salary, 989 ; w’eiglits 
and measures inspector, salary, 78S 
('ity and Guilds of London Inslitutc, 
millinery examinations, 64i)2 ; 
plnmbing examinations, 4013 ; 
textile examinations, 5511 ; vehicle 
construction examinations, 3908 
City of London police, 1406 ; surgeon's 
salary, 699 
Civet rat, 1705 
Civet, perfume, source, 4971 
Civil engineer, railway, duties, 4231 

— engineering, as a profession, 155; 

books on, 2764 ; conditions abroad, 
6629; dictionary of, 310, 1981: 
sec also Building ; examina- 
fions, tables, 160 ; varieties of 
construction, 1449, 1461, 1453, 

1454 ; see also under speci/ic head' 
ings — e.g., Bridges, Hydraulics 
Civil Service, general account, 2158, 
2249 ; colonial services, 3548 ; 
first division clerkships, 2250 ; 
imperial service, 3476 ; salaries, 
second division clerks, assistant 
clerkships, 2472 ; women's salaries, 
321 

Civilisation, evolution, mental, physical, 
and mora'i, 1586, 1705 ; European 
and iion-Europcan contrasted, 
3989 ; relation to commerce, 14.> 
Clack-valve of pump, 1081 
(’lambs, piiie, boring tools, 2666, 2667 
Clump, in agriculture, 1665, 1065, 1666 ; 

in brick burning, 643 
Clanijiing, in grinding processes, 3403, 
3406 ; in key-seating processes, 
3403, 3404 ; methods and impk- 
ments, 3317, 3320, 3322 
Clamps, glovers’ sewing, 5479, 5480 ; 
in saddlery manufacture, 4784 ; 
in smiths* work, 3107 
Clams, ill w'orkshop practice, 3089, 3691 
Clap-boarding in timber, meaning, 56 
Clappers, side-drummer’s, 5569 
Clarion, harmonium stop, 4180, 4182 
Clarionet, attitude of player, 4785 ; clm- 
Inincan sounds, 4789 ; construc- 
tion and compass, 5729, 5730 ; 
fingering, 4789 ; manufacture, 
6526 ; in full orchestra, 5887 ; 
production of notes, 4787 ; shake, 
4789, 4790, 5730 ; staccato effect, 
4788 ; types, 4785, 5730 

— barmonium stop, use, 4180, 4181 
Clark’s water softening jirocess, 4168 
Clark’s standard electric cell, 790 
Clasp-nut, tw’o-slot cam plate, 832 ; 

Wliitworth, 830 
Clasps, in hat trimming, 6506 
Class, in natural science, defined, 380 
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ClaRsicifits, JVench painfors, 4118 
ClasBilication, of animals in biolo^, 29, 
185, 1492; of biological Hcicnces, 
279 ; in biology, natural and arti- 
ficial, 879 ; ethnological, 1788 ; 
of words in grammar, 115 
Clandins, Emperor of Home, reign, 
1987, 2071 

Clanse, grammar, principal and sub- 
ordinate, J(il8 

Clauses, in Esperanto, 6525 ; in tterman, 
ordinate, 8982; subject, object, 
4075 ; attributive, relative, ad- 
verbial, 4218, 4219 
Clavicle, human, 1804, IGOG, 1709 
Claw hammer, use, 3888 

— of hydraulic jack, safe load, 1220 

— tt)ol, mason’s t<Kil, use, 2837, 2839 
Claws, development in manmials, 1871 ; 

weapons, 2155 

Clay, aluminium silicate, 1043, 5988; 
analysis, 4415 ; angle of friction, 
2572 ; bearing power, 380 ; in 
brickmaking, 643, 1278 ; cutting 
in, railway construction, 8174 ; 
in foundations, 148, 381 ; garden 
soil, treatment, 6204 ; geology of, 
1072; infertilitv, 4497 ; modelling, 
6812, 6185, 1217, 1847, 1678; 

natural slope, In earthworks, 8171 ; 
painting, 5882 ; in pottery manu- 
facture, 5288, 6234, 5233 \ proper- 
ties and composition, 8942 ; refrac- 
toriness, test, 8942 ; relation to 
coal seams, 1921 ; in tobacco 
pipe maiuifacture, 4878 ; tunnell- 
ing machinery, 1824, J825 ; 

weathering, 8771 ; weight, 1704 
— , ball, jiroperties and composition, 
5160, 5161 

— boulder, cause, 1638 

— , china, comvwition, preparation, 5 160 
— , earthenware, properties and con- 
stituents, 516(» 

— gault, in cement manufacture, 18,56 

— iroustouc, 281, 1044, 6785 

— puddle, in house <lrainage, 780 

— soil, eultivation, 255, 257, 258; 

drainage, 482 ; in g.irdcii, treat- 
ment. 6204 

— tablets, llabylonian, early writing, 17 
Clayton black, dye, preparation, 5958 

— cloth red, madder, stibstitute. 5906 
Cleaner, use in moulding, 2437, 24.58 

— f'ulway loeopiotive, 4394, 4596 
Cleaniug-rod, in drainage, 784 
Cleaidiness, effect on heallli and morals, 

4255 

Cleansing i)ipcs, in drainage, 569, 571 
Clear soup, recinc, 1785 
Clear-wing motli, mimicry, 8516 
Clearance, betw’cen rails, definition, 8608 

— of engine, in drawing, 4424 
Clcarcolle, painters’, 5884 ; in white- 
washing, 5886 

Clearing House system, bank, 3971 

— railway, organisation, staff, 510] ; 

treatment of lost property, 5I09 

— solution, photo, 6688, 6686 

Cleat, of king post roof, 4251, 4252 ; in 
shoring buildings, 916; in wood 
jointing, 3845, 8847 

Cleavage, in geology, caused by jircs- 
siire, 1356 ; of slate, 530 

— planes, cause, 1925; of crj'stals, 

766 ; in igneons rocks, 2066 
Cleave, used in basket-making, 5489 
Clef, in music, 37, 38 ; '• C ” clefs, 
10.59; violoncello, 

Clematis, elimbiug, deseribed, 504 ; 
garden cultivation, 6822 ; seeds, 
wind-dispersal, 909, 912 
Clement’s driver, of lathe, 830, 4924 
Cleopatra, quarrels with Ptolemy, 1514 ; 
and Mark Antony, 1672 

— wood engraving after Sandya, G29I 
Clerestory, railway carriages, 2555 ; 

for ventilation purposes, 3024 
Clergyman’s sore throat, 6133 
Cleriralism, development, 6774 
Clerks, enterii\g-de8k work, 669 ; Im- 
portance, compared with salesmen, 
659; iemgevity, 4528; in Shake- 
fpejtre*i time, 404 ; women’s 
careers, 192 

— , dismissal, law ot 6846 


Clerks, goveniment, 2158, 2249, 2472 

— see. also under speeifie names or 
offices — e.g.. Bank clerk, Admiralty, 
etc. 

Clerk to guardians, 1926 ; assistants, 
1926 

— of works, in building, duties, 307, 

785, 1911 

Clerk -Max well, J., on atoms, 312, 1915, 
2081 ; colour top, 8729 ; dynamics, 
814 ; on gravitation, 937 ; light, 
ch*ctromagnetic theory, 988, 8948, 
4021 ; scientific work, 8851 ; on 
unity of ethereal vibrations, 8943 ; 
visual cell experiments, 8226 
Clerkship, analysis and synthesis, 2269 ; 
bank transactions, 1966; book- 
keeping : see Bwkkceping ; bo(»ks 
used ill busmess, 776, 977 ; Civil 
Service ; see. Civil Service ; master- 
builders of our commerce, 145 ; 
municipal careers, 1213 ; Stock 
Exchange training, 164 ; survey 
of careers, 162 ; town clerk and 
clerks to county councils, 989 ; see 
also under specific headings — c.q.. 
Bookkeeping, I'ashbook, (.'ompany 
accounts, efc. 

Cleveite, mineral, helium In, 889, 1917 
Cleveland Bay, horse, 2074, 2075 
Click beetle, larva, 1666, Wi7, 8512 
('lick work, verge watch, cleaning, 6088 
Clicker, in shoeiuaking, delliied, 8875 ; 
sectifins in factory, work and tools, 
4482 

Clifton suspension bridge, span and 
deflection, 2498 

Climate, African, 3275, 327G ; Asiatic, 
2504, 2565 ; effect of altitude, 
4494 ; and building trades. 6849 ; 
rlfect on distribution and develop- 
TTHUit of mankind, 4498 ; effect 
of water on, 1789 ; effect of wind, 
4494 ; Europe, 858 ; geographical 
divisions, 4498 ; influence on build- 
ings, 142 ; influence on health, 
5274 ; relation to land and sea, 800 
nimhers, for gardens, 6816, 6822 
Climbing irons, in drain manholes, 734 

— plants, deseriptioii, 504, 505 
Clinical thermometer, structure. 361, 

1564, 1600 ; see also Thermometer 
Ginker, in building foundations, 882 ; 
in brickmaking, 1282 ; in eemeut 
manufacture, 1853-1858 \ in* 
paving, 644. 2515 ; refuse de- 
structor, composition and u.scs, 
5021 ; in rotary Kilns, 1788 ; 
utilisation, 5767 

— coolers, use in building. 1732 
Clinkering, in cement making, cause, 

1 578 

Clinkers, bricks, strength. 1520, 1948 
Ginometer, described, 808, 897, 1928 

— prismatic, 266 

Clippers, tea, type of vessel. 5257 
Cliliping, sheep, process, 2866 
(’lips, for lifting iron pipes, 5627, 
5029 ; in maehinerv, 881 
Clive, Kobert, 6549, 5555 
Cloak, evening, making, 970 ; girl’s 
Bed Biding Hood, 4473, 4475 ; 

infant’s, 3745, 8746, 8855, 3850 
CIoak-riKims, railway, 5109 
Clock, sidereal (astronomj’), 0244, 6246 
Clock-making. 5711 ; emoloymeiit <‘ou- 
ditions, 2047 ; Switzerlniul, 1889 

— repairing, 5719, 5882 

Clocks, arithmetical problems, 1718; 
classification, .5787 ; fluishiug 
wheels, 5882 ; pendulum me*chn- 
nism, 5714 ; j»opp system of 
driving, 5856 ; propulsion, 5787 ; 
repairing teeth, 6882 ; wate!i- 
maker’s stock, 5788 ; weight 
mechanism, 6715 

—•American, movement, mannfaeture, 
adjusting, cleanitig.etc., 5711, 5712 

— eight-day, mechanism, cleaning, 

putting together, 5715, 5717 

— French, mechanism, 5884 

— turret, mechanism, 5884 

God crusher, construction, 1847, 1850 
Cloisonnti enamelling, 5690 ; compared 
with champlevfi, 3234 ; Japanese, 
3161 
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Cloisonn*^, glass, uses and process, 
.5888 

Closer, ill building, disadvantage of, 
1521 ; king and queen, 2168, 2109 
Chwets, of sanitary house, kinds, 
5052-5055 ; sy])honage, 5058 

— sewerage, dry earth system, 4457 
Cloth, Admiralty test, 1701 ; analysis, 

5508 ; contraction in weaving, 
5509 ; composition and uses, 
1169; crabbing in dyeing, 6198; 
designs, 0695 ; design in weaving, 
2940 ; dyeing, 6867—9, 6501 ; for 
hats, 5086 ; printing, processes, 
4499; singeing, 6197 ; testing, 8015 

— architect’s tracing, 5420 

— crinkled, weaving, 8685 

— double, structure, 5509 

— double plain, design of warpai 5510 

— fancy, weaving, 8685 

— manufacture, flnishing processes, 

4 100-4 no, 4842; number of 
healds, 8909 ; sizing. 8489 

— overcoating, design. 5510 

— plain, structure, 5508, 5509 

— two-fiice and one, hack, design, 5510, 

5511 

— twill, structure, 5509 ; face and 

back, 5510 

— W(M)llen, manufacture, 70, 71, 72 
Clothes-horse, laundry, 2475. 2470 
Clothes-moth, habit of caterpillar, 8514 
Clothiers, business of, 1896-1898 
Clothing, eautious for tourists, 515; 

cliildren’s hygienic, 4050, 4868 ; 
colour of, influenee on warmth, 
4256 ; disinfection, 5055 ; health 
eonsiderations, 4256 ; heat con- 
ductivity, 2061 ; hygienic, 4256 ; in 
laundry work, 2590, 2591 : material, 
good, 4256; for old age, 4580; 
shopkeeping, 1896 ; stains, re- 
moval, 2590; washing, 2591, 
2688 ; white, in laundry work, 
2688 

Goths, fringed tray, ironing, 2910 

— harness-maker’s, 4885 

— tailor’s, 5598, 5599 

— for trousers, stretching and shrink- 

ing, 2606 

Clotting, Huxley’s experiment de- 
monstrating, 954 

Clond. definition, formation, 1900 

— clrrlius, cause, 2901 

Clouet, Francois, miniatures, 4117 
Clough, Arthur Hugh, poet, 1438 
Clove, spice, 488 ; clussiflcation, 8.’'.''. ; 
sources, 8452, 4722, 4878 

— oil, source, 5469 

Clover, classilieation, 858 ; cows’ food, 
8800, 8891 ; eross-polliuation. 732 ; 
eultivation, 1233 ; in farniiiig, 
28, 258 ; haymaking, 1629 ; live- 
stock food, 2704, 2904 ; manure 
in cultivation. 1878 ; poultry 
food, 5486; sowing, 1282; seed 
statistics, 877, 941 : varieties, 

940. 941 

— , alsike, as livestock food, 2704 
— .crimson, 1197; as livestock food, 
2704 ; seed statistics, 940 ; sowing. 
481 

— , rod, as hay, 1020; as livestock 
food, 2704 ; seed statistics, 877, 
940; varieties, 940 
— , white, 940 ; as livestock food, 
2704 ; seed st.atislics, 040 
— , yellow, value, seeding, 940, 941 

— see also (^ow grass 

Club-moss, 1119; striieture, repro- 
duction and varieties, 1810 
Clubs, management and catering, 5720 ; 

see also Friendly societies 
Clumps, in printing, 5867 
Chin sheep, general account, 2863 
Cluster system of bridge-erecting stages, 
1175 

Gntch, 960; coil, 962; expanding, 
962; friction, of lathe, 961, 4920; 
drawing, 4002, 4005 
Gyde Trust, harbour revenue system, 
6220 

Gydesdale horses, 2073, 2075 
Coach horse, breed, 2074, 2075 
Craeh screw, in carpentry. 3543, 354®, 
Coaches, 2465 ; dimensions, 2726 

0t)25 
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Ooachcs, railway, slipping, 4S01, 4S05 ; Oooling, railway locomotive, 4595, 4597 
testing running stability, 5105 CoasL erosion of, 1575, 1815, 5577 ; 

Coachb nil ding, construction and di- Boyal Commission on, 6220 

inensions, 2557; drawing and — line, marine surveying, 1017 ; nhysl- 
desigii, 2726', 2729, 2731 ; lua- cai geography ox, 625 ; subsiacnce, 
ciunery, 2833, 3907 ; metal 1354, 1813 

work, 5525, 5559 ; painting, etc., Coastage, in architecture, 2129, 2132 
3479-3481 \ tools, 2828; type Coastguard service, appointments. 
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aling, railway locomotive, 4595, 4597 range, 4493 ; oil from, 1032 ; seed- 
ast. erosion of, 1515, 1815, 5577 ; dispersal, 010. 911 
Eoyal Commission on, 6220 Cocoon, puss-mouth, 5515, 3614 

line, marine surveying, 1017 ; nhysl- — silk manufacture, treatment of waste 
cai geography oi, 625 *, subsiacnce, from, 1246 

1354, 1813 — silkworm, description, 552, 684, 6S» 

astage, in architecture, 2129, 2132 Cod, boiling, 1874 ; carving, 5955, 


of springs used, 2725 ; under- 
carriages, 5121, 5126 
— tte al%o Carriages, liorse, and separate 
vehicles 

( oaclimaker’s chisels, 4130 
Coachman, duties, 816 ; jobmaster’s, 
wages, 4189 

Coagulation of blood, reason for, 954, 955 
Coal, il57 ; ammonia from, 4775 ; in 
black ash proi’eas, 4770 ; in brick 
kilns, 1284 ; British exports and 
imports, 6004 ; in cement kilns, 
distillation, 6818-6529; grind- 
ing for, 1751, 1755 ; crushing, 


salaries, 3197 

Coat, in dress, boy’s, ’1652, 1555 ; girl’s 
4473, 4474, 4476; infant’s out- 
door garment, 5745, 3746; little 
boy’s, 1118, 1255, 1289, 4196, 
4197 ; young child’s, 4959, 4954 
— in tailoring, Empire, 2328, 2329 ; 


6936 ; choice of, 3717 ; classillca- 
tion, 8066 ; fishing grounds, 5121 ; 
cutlets, cooking, 1874 ; floating 
egg, 6189 ; f^ing, 1878 ; grilled 
steaks, cooking, 1873 ; marine 
hatcheries, 6314 ; Norwegian 
fisheries, 1661 

in coppersmitiiing, 3884, 8886, 3887 


I tailoring. Empire, 2328, 2329 ; — in coppersmithing, 3884, 8886, 3887 

fitting, 301 4, 5915 ; little boy, draft- Cod-end of trawl net, 4990 

ing, 1113; men’s lounge, morning, Cod-liver oil, constituents, food value, 


frock and dress, 2762, 2763, 2764 ; 
woman’s, collar, cufiF, sleeve, 2056 ; 
woman’s double-breasted, 1840, 
1841, 1842, 1843 

- and skirt, girl’s reefer, 4473, 4475 


8770; formation of, 1366, 1921, Coating, of materials, purpose, 6141 
5302 ; gas liquor yields, 5461 : Cobalt, metal, chemistry of, 1043 ; 


distribution, 3771’; geological 
classification, 1073 ; household 
economy, 1227 ; mining: see Coal- 


3486, 6883 ; countries exporting, 
6121 ; In calf feeding, 2239 ; com- 
position, 4834 ; emulsion, 676 ; 
source, uses, 4834 ; in leather 
manufacture, 3219 

Codling, choice of, 3717 ; protection of 
immature, 5314 


magnetism, 659, 5981 ; occurrence. Co-education, success of, 4067 


6981 ; origin of name, 
properties, 4306, 5981 


mining below ; kinds, 1990, 6302 ; — bloom, cobalt ore, 6982 
paraffin from, 4837 ; for power — blue, manufacture, 6145, 5985 


production, 5127 ; railway loco- 
motive consumption, 4597, 4599 ; 
railway waggons for, 6070; screen- 
ing, 3770; specific gravity, 1704 ; 
sulphuric acid from, 4632 ; table. 


colours, composition, 5985 
compounds, kinds and uses, 5985 
glance, 1044, 1045 
oxide, in earthenware manufacture, 
sulphuric acid from, 4632; table, 5162 

535 ; tar yields, 5461 ; trading in, — pottery, colour, 6382, 5383 ; varying 
1989; washing, 3770 tint, 5:i84 

— bituminous, 1163 ; properties, 6302 ; — pigment, 871 

U.S. deposits, 5302 — yellow, pigment, 871 

— dealers, business of, 1989 Cohbett, William, author, life and 

— dust, as kiln fuel, 1854 ; harmless- works, 2450, 2618, 2019 

ness in air, 3798 ; in moulding, Gobden, Bichard, commercial treaty 
2110 between England and Fraiiee, .5240 

— fields, African, 6304 ; American, Cobras, hood, 2679, 2680 

5:i05 ; Asiatic, 6304 ; Australian, Cobweb, structure, 3804, 3805 
5304; Austrian, 5304; Belgian, (Vjcix. leaves, source, use, 6883 
1835, 2378, 5304 ; books on, Cocaine, source and use, 4962, 6883 

2256; British Lsles, 987, 988, Coccus, 6437, 6‘439 ; suppuration. 6541 


- yellow, pigment, 871 
ahbett, william, aut 


1271, 1817,5302; characters of, 


■ beech pest, 4926 


Coefficient, in algebra, definition, 1818 ; 
of contact, 1573 ; of discharge, 
in hydraulics, 1674 ; of friction, 
938 ; of roughness, river banks, 
1676 ; of velocity in hydraulics, 
1573 

Coelenterata, characters, 1492,4083, 4087 

Coffee, adulterants, 3581 ; adultera- 
tion, :1045, 3718, 4962, 6555 ; 

analysis, 3378 ; Brazil exports, 
4286, 5380; chemical properties, 
4007 ; consumption, 4962 ; culti- 
vation, 4961 6555 food value, 
3705, 3379; Indian, 2820, 2972; 
maiiiifacture, 6555; output, 4961 ; 
production, quality, sorting, 4961 ; 
recipe, 2334 ; stains, removal, 
2590 ; stimulant, uric acid forma- 
tion, 3705 

— husk, micro-phot-ographs, 3893 

— plant, bean, 3379 ; clasuHcation, 354 

— stalls, catering, 6584 

Coffer, in masonry, detlnition, 3148 


England, 1271 ; France, Coccy, human, anatomy, 1605, 17 :08 Cofferdanis, in bridge building, 1402, 


1681,6304; German, IP74, 1975, 
5304 : iiussian, 5304 ; Scottish, 
1066 ; Spanish, 5304 
— gas : see Gas, coal 


*4, 1975, in modelling, 1348, 1.349 2737 ; construction, 4042, 4644, 6496 

Scottish, Cochin, fowls, breeding for table, 4660 ; — in carpentry, 4642, 4643, 4644 

paints of breed, 4955 ; sitting, Coffer-llah, boring plates, 3067, 3069 


gas : see Gas, coal 5626 ; table mialities, 5624 

measures, 231 ; effect of mountains — buff, points, 4808 


on depth, 4495 ; formation of, — partridge, cross-breedi 
1814,1816,1817; relation to Old —white, breeding, 4856 
Red Sandstone, 2067 Cochineal, 6883; countrii 

- merchant, business of, 1989 5121; origin, 3365; source of 

- miner, absence of industrial drinking, colour, 5145 ; in dyeing, 5907 


5626 ; table qualities, 5624 Coffin, measurement and prieee, 6786 

— buff, points, 4808 — makers, wages, 6786 

~ partridge, cross-breeding, 6622, 5623 “ Cogito ergo sum,” origin and explana- 

— white, breeding, 4866 tion of phrase, 2373 

Cochineal, 6883 ; countries cultivating. Cogs, roofing, defined, 4870 


— of wheels, in technical drawing, iW21 
Coherers, wireless telegraphy, 3896,3896 


employment conditions, Cochlea, human, 102; physiological Cohesion, compared with adliesion, 1374 


2641 ; length of life, 4528 ; mor- 
tality from phthisis, 54t)9 
-mines, fire-clay found in, 1285; 
initial cost, 2847 

- mining, 3307, 3560 ; crushing. 


anatomy, 2534, 2535 
Cockatoo, classification, 2211 
Cotjkchafer, plate facing 3361; classi- 
floatioii, 3510; as pest in forests. 


Coil armature, 1905-6, 1908 

— electric, invention, 129, 130 ; insula- 

tion of, 1660 ; ventilation, 1661 

— induction, cost, 4994 


3770 : lighting, 3769 ; longwall Cockerels, care of, 6093 ; value, mate 


etc., 4925, 4927 ; ravages of, 1668 (’oinage, alloys, gold and ^ver com- 


iace, 2560 ; machine cutting, for egg-laying hen, 5626 

3563, 3564 ; screening. ;i770 ; Cockle, shell-fish, 3113; locomotion, 

submarine, 1354 ; surface works, 3286 ; in season, 1531, 2527 


position, 3941, 6308 ; bimetallism, 
substitutes for, 8970 ; British, 360, 
5850; loss in light coins, 5851 ; 
trial and remedy, 5851 


underground transport. Cockle cylinder, in milling, structure Coinages of the world (tables), 409 


3566 ; washing, 3770 ; winding 
plant, 3767 ; ventilation, 3707 

— oil : see Petroleum 

— seams, position and deposit, 1921 

— smoke, use of, 639 

— supply, investigations into, 6302 

Coal-tar, composition, 3708, 5461 ; 

crude, uses, 5461 ; distillation, 
6162; formation, 6836; rational 
distillation, 6953; future discovery, 
237 ; minor sources, 5461 ; Per- 
kin’s discovery of aruline dye, 641 ; 
partially prepared, process, 5401 ; 


and action, 3080, 3082 Coins, dic-sinklng, 6629 ; kinds, coin- 

Cockroach, description. 5.168 ; develop- ing operations, 6851; nickel and 
ment of young, 3362 copper, 1044 

Cocksfoot, orchard grass, description, Coir manufacture, fibres, 68, 819 ; 


876 ; cows’ food. 3890 
Cocoa, 6883 ; adulterant, 5581 ; adul- 


non-dyeable, 6639 ; source and 
use, 1168, 5118 


teration, 3718; analysis, 3378; bean, Coke, defined, 1157; conversion from 


production, uses, 1103 ; production — butter, 0566 
(if colours, 3710 ; products, 3824, — powder, 6556 
5467, 6433 ; properties, and coal — stearin, uses, 1032 


3379,6564, 6556 ; cultivation, 4962, 
6565; dietetic value, 3311, 3379 ; 
fruit, 6566 ; manufacture, processes 
and machines, 6654-6556 ; source, 
4962; preparation of nibs, 4962, 
6555; theo-bromine lii, 4007 


yields, 5401 

brown, oil yield, 6151 

colours, diagrammatic tree, plate 

facing 6963 

creosote, constitnenta, 1163 

dyes, manufacture, 3711, 5468, 

5953 ; preparation of coloured 
inks, 6367 ; uses, 6760 

naphtha, 3824 ; use In paint 

making, 5147 


— tree, classification, 863 — oven gas, 6828 

Cocoa nut, 6883 ; for biscuit making, Col, physical geography, 458 


coal, 4125, 6810 ; in cupola furnace, 
2862 ; carbon dioxide produced 
from, 6393; formation and use, 
5302 ; fuel for blast furnaces, 
4467 ; sale by gas companies, 
1991 ; In smelting, 282 ; use in 
decarburising iron, 5015 

— bed, in moulding, 2543 

— breeze, 643 ; use for concrete, 832 

— oven gas, 6828 


3592 ; for carving, 5809 

— cake, as livestock food, 2704, 2908 

— fibre, 1168 ; for brushes, 6106 

— oil, production, uses, 1032, 4832 ; 

source, properties, varieties, 4832 ; 
in soap manufacture, 4964 

— palm, coir from, 68 ; height and 

classification, 856; limitation of 


Col legno, violin bowing, 2744, 6727 
Cold, catching, causes, 1742, 4020 
Cold, sense of, 2118 ; ultimate, ** cold- 
est cold,” 1269 ' 

Cold chisel, 4160 
Cold rolling, iron, 234 
Cold-short, in iron-working, 284 ; 
in steel manufacture, 1046, 8888 



Cold — Comm 
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Cold storape, if food, inetho<ls and 
apparatus, ,'i40:i~6407 

— wall. In geography, definition, 558 
(’oleoptera : nee Beetles 

Coleridge, S. 'J\, poet, 1305, 1306; 
origin of “ Kubla Khan,” 77 ; 
plays, 1152; prose works, 2309; 
on Shakespeare’s genius, 680 ; 
MTiting under morphine, 4008 
r’olic, cause and remedies, 5843 ; 
caused by lead dust, 3798 ; effect 
of nitrites on, 1719 

— in cattle, symptoms, treatment, 2624 

— in horses, treatment, 2620 

— l(‘ad, soft water in lead pipes a 

cause, 359 

Coliseum, Koine, 2931, 2932 \ Titus 
finishes building, 2068 ; Vespasian 
builds, 1940 

Collar, of axle, 3326, 3327 
Collar beam truss, stress in, 2446, 
2447 

— in dressmaking, cutting and making, 

47 S ; of boy’s overcoat, 1755 ; 
boy’s suit, 1552, 1553 \ drafting 
pattern, 190 ; man's morning 
coat, 2753^ 2754 ; princess robe, 
2200 ; sailor, little boy’s, 4190 ; 
shirt, 0797; step, tracing, cutting 
out and making, 1553, 1753 ; 

woman’s coat, making and sewing 
on, 2056 

— in forging, process, 2986, 29S7 

— lead, use in jointing pipes, 5610, 

5628, 5029 
— , loaf, 3392, 3393 

— roof, construction, 4248, 4249 

— of roof truss, use, 4251, 4253 

— of screw, defined, 686 
Collar-bone, abolition in evolution of 

mammals, 1869 ; birds’, 2494 ; 
buman, 1004 ; in modelling, pro- 
portion, 134S, 1349 
Collars, cart, materials, 4885 

— in laundry work, curling, 2911; 

ironing, 2910, 2906, 2907 ; starch- 
ing, 2911 

Collective nouns, rules for verb, 122 
Collectivism, a social force, 5533 
Colleges, theological, 6599, 6602, 6607 ; 
university and technical, 1782; 
for W’omen, 3508 

Collconi statue, Verrocchio’s, ]074,^Q7S 
Collet, of ColIInge axle, 3320, 3327 
Collets, of clock, making and use, 5883 
Colliery, cost sheet, 3419; pit. head 
pear^ 3T0S: see also Coal mining 
Colliinatioii of level, 372 ; in survey 
instruments, 266, 372 ; of theodo- 
lite, 269 

— method, in levelling, 374 
Collinge axle, 3320-332S 

Collins, John Chnrton, author, 1436, 
2687 

Collodion, manufacture and use, 3140, 
5470, 6481, 04S3, 6563, 6763, 6765 
Colloid minerals, defined, 706 
Colloids, definition," 4698 ; nature, 
4699 : conversion to pectons 

condition, 5312 

Collotyi>e, 6484 ; books on, 6486 
Colocynth tbitter apple), 6883 
Cologne, advice to tourists, 857; 
Archbishop of, as elector, 2047 ; 
architecture, 3374; catliedrnl, 
3374 ; school of painting, fifteenth 
century, 4117 

Colombia, geography, 4282, 4290 ; 

petroleum deposits, 6007, 6009 
Colon, human, structure, 570, 579 
Colon, in grammar, use, 1338, 6351 
Colonial (Iftiee, appointments by, 3548 
(k)Ionies, British, building conditions, 
6346 ; Civil Service appointments, 
3548 ; commercial opportunities, 
6212 ; medical profession, 5428 ; 
mnnieipal posts, 3741 ; pharmacy 
regulations, 1656 

Colonisation, Phoenician, 501 ; Eoman 
policy, 1204 

Colony, in zoology, defined, 3958 
Colophony, 1034; see also Keslii 
Colorado potato beetle, destructiveness, 
3512 

Colorado Kiver, 4001, 4063 
Colnrado State, geography of, 4174 


Colostrum, in dairy farming, con- 
stituents, 3671, 4033 ; definition, 
2238, 3671 

Colour, biological importance (Mendel’s 
law), 1481-1484; in brush draw- 
ing, treatment, 2691 ; in chemical 
analysis, 4405, 4406 ; cause, 3728, 
5193 ; defective terminology, 3730 ; 
Newton’s discoveries, 2431 ; for 
illuminating, 6277 ; optical per- 
ception, 2402 ; relation to pitch, 
3728 ; standardisation, 3730 ; 
Young’s experiment St 3307 

— in art, eomplemenlary, 725, 726 ; 

philosophy of, 182 ; symbolism, 
725 ; tone, tint, shade, etc., 3730 

— in painting, symbolism, 725, 726 

— blindness, 2403 ; disability <)f, forms, 

tests for, 3731 ; test of railway 
staff, 4379, 4600, 4601 

— printing, 5872 

— prints, in engraving, 6114 

•— reproduction, processes, 6483, 6486 

— sergeant, infantry line, 3840 ; ex- 

amination, 4030 ; in Koyal 
Marines, 4266, 4209 

Colours, of animal and vegetable origin, 
list, 5145; use in architects’ 
drawings, 5421 ; artists’, trading 
in, 895 ; British exports and 
imports, 6004 ; for carpet di'signs, 
6389 ; Coal-tar: see (*oaI-tar colours ; 
complementary, 511, 3729; 

developed in dyeing, 6194 ; 
“ingrain” in dyeing, 6195; in- 
soluble dye, 6194; in laundry 
work, retention in wusliing, 2591 ; 
lionid, ill technical drawing, use, 
2793; .in miliinery, suitability, 
4564 ; mineral, kinds and their 
manufacture, 5142-5149 ; oil, essen- 
tial, and to ho avoided, 871 ; oil, 
setting the palette, 1020; i)aper- 
makiiig, sonn’cs, 6278 ; in photo- 
graphy, 6679; pigment, penna- 
iicijce essential, 5141 ; pigment, 
safe colours to use in wat<‘r- 
eoloiir painting, 1021 ; pottery, 
soft, 5384 ; pottery, firing tempera- 
tures, 5385 ; primary, 3731 ; 
textile printing, 4499-4502 ; pro- 
duction by dyeing, 5779 ; sulphur 
in dyeing, 6194 ; of tiles, produc- 
tion from marls, 5776 ; wave 
lenglhs of, 3309 ; “ woaded,” 5782 

— see also Dyes 

Colour-top, Clerk -Max well’s, 3729 

— trough, in carpet inannfaeture, 

structure aud use, ;1359, 3300 

Colour vision. Young and Helmholtz 
theory, 3739; Hering’s theory, 
3731 

Coloration of butterflies and moths in 
courtship, 3516; in fish, 3068; 
in frogs, 2801 ; of mammals, 
classification, 2156 ; in reptiles, 
2678, 2679 ; of sea-snail, 3114 

— w’arning, butterflies and moths, 

3515, 3516 ; caterpillars, 3514 ; 
chrysalides, 3515, 3516 ; sea- 

anemones, 4083 ; of sea-sings, 
3114 ; wasps and bees, 3722 

Colouring, for waxed butts, 5646 

— pigments, painters’, 5832 

Coltsf(K)t, classification, 354 ; peren- 
nial weed, 1378; underground 
stems, 909 

Cohimbia, river, 4062, 4009 

Colnmbinn fire-resisting floor, 4763, 
475,5 

Columbine, nectar, 730, 731 

Colninbus, (’hristopher, life, discovery 
of Bahamas and West Indies, dis- 
covery of America, 3606 

Column, in architecture, 2057, 2658 ; 
Assyrian, <ireek, 2858, 2859 ; Per- 
sian, 2659 ; Komanesiiue iieriod, 
3231 

— in building, reinforced concrete 

construction, 1643, 1645 ; shoring, 
920 

— in carpentry, 3543, 3547 

— east iron, safe load formula, 2198 

— drawing, power mill engine, vertical 

engine frame 4201, 4202 

— pattern for moulding, 2457 


Columnce earnerp, 955, 957 
(.'oliimns, quarrying blocks for, 2955 
('olza oil : see Kape oil 
Coma, defined, 2794 
Comb, honey bee, 3724, 5957 ; frame, 
standard, 5958, 5900 ; melting 
down, 5960; wax secretion, 1033 

— of fowls, 4857, 4858 

— hackling, in flax manufacture, 1386 

— in quarrying, 532 

— of scorpion, 3803 

— in textile industries, 1542 
Comb-bar, of lace loom, 4880 
Combination garment, child’s, 4050 
Combinations, boy baby’s, in dress, 

4195, 4196; cutting out and 

drafting, 3474, 3475 ; girl’s, 4472 
Combing machine, textile, function, 
1541 ; operation, 1723-2726 ; in 
wfM)l manufacture, 70, 223 

— WTap, style and material, 3591 
Comb-star, description, 4081, 4082 
Combustion, jJivsiological, 1301 ; effect 

of alcohol, 3377 

— cause of air impurity, 3798, 3802 

— chamber, of boiler, 3099, 3102; in 

marine Scotch boiler, 3099, 3105 

— furnace, chi'iiiical, 240, 241 

— without oxygen, chemistry of, 1597 
Comedy, first Kiiglisli, 678 ; see also 

Drama 

Comets, 0509, 0570, 6695 ; orbits, 6250, 
0508, 6570 ; spectra of, 3371 ; tail, 
938, 2027 

C’oiumu, use, 1338 ; in letters, 6351 
Commantler, basket-making tool, 5489 

— navy, promotion and pay, 4402 
Commandiueiit, fiftli, sociological value, 

4665 

Commence, condemnation of use of 
word, 4579 

Commerce, bookkeeping : see Bookkeep- 
ing ; contract, nature of, 658 ; dic- 
tionary of terms, abbreviations, 
coinages and weigiits and measures 
of tlie world, 405-410; earliest 
history, 1 45 ; full list of books 
used, 776, 977 ; importance of 
terminology, 1570; map of 
world’s routes, 5378 ; classification 
of trading countries, 5370 ; shop, 
43 : see also Shopkeeping and 
separate trades 

(’ommcrcial abbreviations, dictionary 
of, 408 

— class, statistics, in England, 2796 

— correspondence, training, 6354 

— geography, adaptation of tlie earth 

to man's needs, 4514, 4520 : agri- 
cultural products, 4873, 4959 ; 

climate and temperature, 449:1- 
4496 ; economic regions, 5378 ; 
geograpliical and human factors 
in rommeree, 4493-4408 ; har 
hours, 4497, 4498; mineral pro- 
ducts, 5302-5308 ; mountains, 
4494-4496; scope, 4493; soils, 

4497 ; timber and ectinomic forest 
products, 4657 ; winds, 4494, 

4498 


— highways of the world, 5378 

— law, 6751 

— prof(’--ions, examinations, 148 

— schools, character of tuition, 6354 

— terms, dictionary of, 405 

— travellers, bribery, 6211 ; e "It^ction 

of accounts, 6209 ; eoi. :,iia8ion, 
6210; conditions abroad, 6212 ; 
foreijni languages, 6212 ; motor- 
cars for, 6211 ; partnership, 6209 ; 
personal expenses, 6210 ; presents, 
6211; qualifications, 6210; sa- 
Inrie.s, 6210 ; “ standing treat,” 

6211 ; women, 321 

Commissions, Army, physical require- 
ments, promotion, pay, 4197 ; 
privates’ difllcnlty of obtaining, 
3841 


— business, how entered, 1571, 1572 
Commissural fibres of brain, 2804 
Common axle, distinguished from col- 
linge and mail, 3327 

— chord, in harmony, 361 ; see also 

Bass, figured ; in music, 363 
Common Council, Court of, London, 
constitution, 320 
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r-Common Council, sood ftind, In Scottish 
local government, 317 

— larch, timber, 55 

(■oramons, House of : see Parliament 
Commonwealth, the, history of, 4761 
Communal society, ant hill, 5248 
Commune, French, account, 5240 
Commutation, dynamo, 1328, J:i24 
Commutative law', in algebra, 1994 
(’ommutator, dynamo, 1105, 1106, 1323 
. — motor, continuous current, 1590 

— in telegraphy, single-needle instru- 

ment, 4385 ; tapper and drop- 
handle, 4903, 4904 

Companies’ Acts, balance-sheet pro- 
visions, 3189 ; law as to prospec- 
tus, 3186; of 1900, 6800 ; parlia- 
mentary companies, 3331 ; provi- 
sions, 3185 

— limited: see Limited Company 
Company, financial, defined, 1266 ; law, 

6800; promoter, 6800 

(’omparative, in grammar, 116 
Compartments, railway, dimensions, 
2555 

Compass, beam : sec Beam compass 

— in circumferentor, 803 
--box, for plane table, 710 

— carpenters’ use, 33SS 

- course, in navigation, 6661 

— drawing, selection, 284 

— glaziers’, 5836 

— magnetic, electromagnetic experi- 

ments, 562 ; as galvanometer, 288 

— mariners’, first known in China, 216 ; 

description, 13, 4243. 4246, 6658 

— masons’, description, 2S37 

— measuring tool, kinds, 4701, 4703 

— plants, description, 727 

— plasterers’, 5496, 5497 

— prismatic, 260 ; in marine surveying, 

1018 ; in surveying. 265 ; in trian- 
gulation survey, 594 

— race, use by harness-inakor, 4887 

— saw, use, 3385 

— sliip’s, 6(t64 ; variiit’on of. 0665 

— wire, metal-worker’s, 5521 
Compensating errors, in bookkeei)ing, 

explained, 2503 

Competition, in retail trade, 5925 
“ Compo ” pipe, manufacture, 5987 
Component force, defined, 411 
Composers, pianoforte, list of, 2024 
Composing, in printing, inetiiods and 
rules for, 5157, 5153, 5252 

— stick, compositor's, 5156, 515S 
Compositae, natural order, 354 
Composite order, in architecture, 

Roman, 2932 

(’omposite wheels, described. 2021 
Composition, in art 722-726 

— in design, 5977 

— in drawing, 722, 724 

— of forces, in mechanics, 411, 551 
Compositions, in bankruptcy pro- 
ceedings, 3571 

Compositor, printer's, work of, 5026, 
5156 ; jobbing and display, 5871 ; 
employment conditions, 2655 
Compound addition, subtraction, etc., 
rules and examples, 228 

— interest : see Interest 

— nouns, Englisli participial forms, 

756 ; German gender forms, 1 189 ; 
Latin, rules for plural, 754 
Compounds, chemi<-al, 516, 517 ; 

(1 'fined, 092 ; difierentiation from 
mixture, 1596, 2880; double, 839, 
1597; formation, principles of, 1597, 
4130 ; inorganic, 1718-1722 ; phy- 
sioh^gicai, 438 ; unstable, 693 
Compressed air : see Air, compressed 
f’onipression bof^m, of girder, 540 
Compressibility, nature and cause, 1374 
Comte, Auguste, biographical sketch, 
piiilosophy and positivism, 3869, 
3870 ; on gravitation law', 663 ; 
view of ether, 935 
“ Comns,” Milton’s, 845, 991, 3783 
Con sordino, horn music, 5732 ; violin 
music, 5727 

Concentrated load, beams and girders, 
2198, 2199 

Concentration, psychology of, 2306 
Conceptacle, In botany, 1368, 1373 
Conception, in psychology, 2804 

0928 


Concert pitch, 6442 

— promotion, 6869 

Concertina, musical instrument, con- 
struction and playing, 4487, 4488 
Concerto, in musical form, defined, 634 
Concessive subjunctive, Latin syntax, 
1183 

Conclusion, in geometry, 4208 

— of syllogism, in logic, 6098 
Concord, in music, defined, 363 ; 

allowable in counterpoint, 632 
Concrete, 332, 333, 534, 649 ; for 
asphalt roads, 2179 ; for break- 
waters, 6335 ; use in building, 
329-332 ; compr^sive and tensile 
stress, 1555, 1556 ; in drainage, 733, 
736, 780 ; expanded metal, 520 ; 
floors, 332 ; cost and wear for foot- 
paths, 2430; mixing and laying, 
334, 1440-1451 ; in paving, 2426, 
2515 ; reinforced ; see Reinforced 
concrete ; from refuse clinker, 
5021 ; Roman, 142 ; in scaffolding, 
1170; in shoring buildings, 91 6 ; 
in stable fittings, 737 ; testing 
strength, 1623 ; in tramway 
construction, 3750 

— blocks, in construction, 1450 

— cement, in building, 647, 648, 649 

— fireproof, 4752, 4755, 4758 

— roofs, ftre-resistlng, 4758 

— reinforced : see Reinforced concrete 

— slabs, manufacture, 534 
Coricretnr, in sugar manufacture, use 

and construction, 3828, 38:U) 
Condensation, in physical geograpliy, 
definition, 294 

— in physics, influence of temperature 

and pressure on, 1741 ; water 
vapour, 1899 

Condensed milk, dietetic value, 3312 
Condenser, of coal-tar distilling plant, 
5462 

— electric, 3580, 3581, 3580; Lodge’s 

oscillation transformer, 3895, 3897 

— marine engine, 6294, 6295, 6296 
perfume distillation, 4968 

— i)etroleum, construction, 6147 

— (»f refrigerating machine, 5403, 5404, 

5107, 6408 

— of steam-engine, invention and use, 

5416; steam pressure, 6070; sur- 
face condensation type, etticiency, 
6069 

— telegraphic, 4607, 5242, 5243, 5244 

— telephonic, rack, 6080 

— textile machine, 1546 

— in woollen manufacture, 70 
Condensing, in journalism, 3975 
Condiments, adulteration, 3718 ; analy- 
sis, 4722 ; dietetic value, 3312 ; tree 
products, 4873; uses, 4717 

Conditional clauses, English grammar, 
756 

— mood, French rules, 3353 

— sentences, Latin, 1183 
Conditioning, in milling, 3080, 3081 
Condor, classification, 2213 
Conducting, in music, 5891, .5892, 5894 
Conduction, In electricity, inovemeiit. 

of electrons, 4023 : see also Circuit 
Conductivity : see Electric, Thermal, 
etc. 

Conductor, electric, 464, 3030, 3260 ; 
cable, 6546 ; magnetism, 288 ; over- 
head, for traction, 1931 ; power, 
aluminium, 5993 ; railway system, 
2089, 2090 ; resistance, 671 ; tele- 
phone and telegraphic, table, 6324 ; 
three-phase, 1907, 1908 

— omnibus and tram, conditions of 

work, 4186, 4189 

— orchestra or choir, functions, 5891, 

5892 

— railway, duties, 4804 ; sleeping car, 

duties and wages, 4809 
Conduit, reinforced concrete construc- 
tion, 1557 ; tramway system, 1931, 
1936 

Condy’H Fluid, use, 1043 ; in opium 
poisoning, 4006 

Cone, axle, explained, 3326, 3227 

— cliitoh, in machinery, 960 

— in drawing, definition, 1747 ; deve- 

lopment, 4623, 4787, 4739, 6349, 
5350; elements of. 4737, 4739; 
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elliptical sections, 4623, 4933, 4934, 
4935 ; envelope, 4522, 4523, 4933, 
4935 ; friction, use, action, and 
formula, 4003, 4004 ; generation 
of, 1411, 1413 ; geometrical pro- 
blems, 2005, 2007, 2008, 2009 
hyperbolic section, 4933, 4935 
marking envelope, 4737, 4739 
oblique, 1747, 1749, 4738^4741^ 
parabolic sections, 4934, 4935; plaii 
and elevation, 1747, 1749 ; revers- 
ing, 4004 ; shading, 1792, 1795 

— friction, defined, 960 

— inverted, in pumping wells, 4028 

— male and female, 605 

— shell, 3113; poisonous bite, 3114 

— speed, of pulleys, 3426, 3427 

— willow, cotton machine, 1241, 1243 
Cone-bearers, coniferce, description and 

classification, 52, 503, fertilisa- 
tion, 729 ; fungous pests, 4927, 
4928 

Cones, retina, description, :1226 
Confectioner, employment conditions, 
2655 ; rcfresliment catering, 5582 ; 
sweet -selling, 5495 : see also Baker 
Confucianism, in China, 216 
Confucius, life and doctrine, 447 
Congenital, in biology, definition, 485 
Conglomerate, classification and com- 
position. 1072-1074 

Congo Free Stat^, economic conditions, 
trade, 5380; geography of, 3583 
Congo River, course and scenery, 3275, 
3582, 3583 

Congow tea, defined, 3378 
Congregationalism, ministry, training, 
102, 6604 

Congreve, William, dramatist, 1150, 
U51 

Congruent of triangle, definition, 4330 
Congruity in design, 5819 
Conic frustum, in draw'ing, develop- 
ment, 5349, 5350 ; distant apex, 
4738, 4739, 4740 ; elements, 4737, 
4739 ; envelope, 4522, 4523, 4738, 
4739 ; projection, 4523, 4524 ; 

slant unknow'n, 4738, 4739 
Conic sections, definitions, 1411, 5783 ; 
properties of tlie tangent, 5783 ; 
i)ooks on, 6790 

Conical fire-box, draw'ing, developments 
for, 4741 

— mandrel, description, 3107 

— pendulum, described, 2017, 2019 

— tubes, boiler, 6875 
Conics, central, 5944 

(-'onifera). Conifers : see Cone-bearers 
Conjugation, in biology, elementary 
sign of sex, 382 

— in botany, in spirogyra, 1370 

— in grammar, explained, 116 

— of protozoa, 4088 

Conjunction, in grammar, 116 ; English, 
1337 ; English use w'itli subjunc- 
tive, 756 ; Esperanto, 5087, 5654 ; 
French, 5228. 6090 ; German, 2638, 
4219, 4220 ; Italian, 5649, 5945 ; 
Latin, 243, 603 ; Spanish, 5229 
Conjunctiva of eyelid, structure, 2401 
(>>fijunctivitis, treatment, 6264 
Connaught, Province of, origin, 2609 
(’onnectlng-rod, steam engine, types, 
4424, 4426 ; action, 5461, 5462, 5463 
Connecting-up switch, teleplionic, 6080 
Connective tissue, human, 106, 437 
Co-operative stores, In competition with 
private trader, 5925 
Co-ordination, in psychology, 2120 
“ Conqueror Conquered,” The (death 
of Alexander the Great), 973 
Consciousness, chemistry of, at present 
unknown, 3140, 4008 ; compared 
with self-consciousness, 2373 ; 
kinetic theories refuted, 2115; 
and molecular motion, 0537 ; 
” narrowness ” of, 2258 : see also 
Attention ; nature of memory, 
2304 ; normal and secondary, 3603 : 
in psychology, 2011 ; physiological 
psychology, 2299 ; relation to 
association of ideas, 2805 ; Tyndall 
on, 6636 ; value to knowledge, 6257 
Conscription, origin in Germany, 2947 
Consecutlves in harmony, 365 
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Consequont, in mathematics, 006 
Conservation of energy, doctrine of, 
280, 426, 313, 2062 ; Isaac Newton 
on, 36 ; permanency of the law, 
1015 ; in psychology, 2115 

— of matter, 1016, 2063; theory, 

origin of, 61 

Conservatism, place in organic 
evolution, 5388 ; ignoble form, 
5300 ; perpetuating force, 6350 ; 
of women, 5631 ; of established 
religion, 6531 

Conservator, forest, pay, 3477 
Consignment inward, in bookkeeping, 
defined, 3670, 3680 

— note, railway, 5072 

— outvard, in b(K)kkceping, 3670 
Consignor, in bookkeeping, defined, 

3670 ; ledger account, 3680 
Consolidation of soil, in building 
excavations, 329 

Consols, conditions regulating price, 
3483 : meaning of word, 1262 
Consonant intervals in music, 363 
Consonants, in English, definition, list, 
121 ; French, 124 ; (lerman, 249 ; 
Italian, pronunciation, 2044 ; 
Spanish, 2040 

— shorthand table, 49, .427; double, 

836 ; final hooks, 689-691 ; initial 
hooks, 586 ; position of, 1236 

— in singing, formation, 6338 
Con sordino, musical term, 5447 
Constable, John, painter, 4301 
Constable, railway, duties, 5108 ; see 

aim Police, etc. 

Constantine, Emperor, architecture 
during reign, 3090 ; conversion to 
Christianity, 2241 ; ride, 2072 
Constantinople, arcliitecture, 3090 ; sec 
also Byzantium ; fouiuiiUr, of, 
2072; capital of Turkey, 2167 
Constellations, astronomical, circum- 
polar, 6115-6117 ; motion, circum- 
polar, 6115; seasonal, 0117-6120 
Constipation, causes, 5843; remedy, 
4684 

Constraint, in theory of machines, 687 
Consul, Boman, election, power, 1136; 
before and after the Deccmvirate, 
1201, 1202 

(’onsular service, British, appointments, 
examinations, salary, 2935 
(k)nHUinption : see Phthisis and Tuber- 
culosis 

Cont^ crayon, draM'ing with, 1534 
Continental shelf, 2ffS, 200, 301, 302; 

variation in different seas, 554 
Continents, defined, sizes of each, 
460 ; period of present formation, 
2254 

Contingent liability, bills of exchange, 
1319, 1320 

Continued fractions, rules, 706 
(■ontinuity of life, explained, 381 
Continuous beam, loading stresses, 2197, 
2199 

— kiln, in brickmakiiig, defined, 1284 
Contortion, of stratified rocks, 1922^ 

1923 ; see also Folds 
Contour maps, making, 457-400 
(Xmtouring, in surveying, accuracy, 
691 ; methods, 591 
Contours, in marine^irveyiug, 1019 
Contracts, verbal, 6751 ; written, 6752 
Contract accounts, bookkeeping, 3418 

— in business, defined, 658 

— ledger, in bookkeeping, 3420 
Contraction, coefficient of, in hydrau- 
lics, 1573 

(Contractions, shorthand list, 1463 
Contractor, building, compared with 
builder, 141 ; duties, payment, 
1910, 1911 ; cost accounts, 3418 
Contracts, builders’, books on, 2034 
tk)ntralU) singing, characteristics and 
compass, 6060 ^ 6051 ; exercises, 
6183, 6186, 6191 ; register, 6182 
Contrast, in design, 5819, 6820 ; in 
geometrical drawing, 2320, 2321 ; 
in music, in setting melodies, 631 
Convalescence, rest during, 4390 
(Ctnivaleseent, nurse’s care of, 6176 
Convoetion, in water, 1738 
C'onverter, basic, described, 1046 

— Bessemer : see Bessemer converter 
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Converter, in electric supply, 2247, 2248 
Convexity of eyeball, 2401, 2402 
Conveyancing, railway. 6107 
Conveyor, in cement manufacture, 
1863, 1856 ; in coal-mining, 3565 
Conveyor screws, 836 
Convicts, transportation of, 6652, 6694 
Convolutions, of brain, anatomy of, 
2145 I psycliology, 2299 
Convolvulus, 354 ; climbing, 504 
(-ookery, dietetics, 3311 ; economics in, 
2336 ; English schools of, 3509 ; 
invalid, 6178 ; kitchen requisites 
and stoves, marketing guide, 1225, 
1228; recipes, 1735, 1872, 2001, 
2126, 2331 ; teachers’ openings in 
S. Africa, 3742 ; vegetarian, recipes, 
2344 

Cooking, electric, 3030, 3031 ; general 
methods, 1485 ; stoves, manage- 
ment, cleaning, 1226; in relation 
to digestion, 673 ; use of hard 
water, 4158 

Cook, duties, 1002, 1003 

— dining car, training, 4810 

— marine, 6804 
Cook-general, duties, 1092 

Cooks’ mates, marine, 6804 ; Navy, 
jdiysical standard, 4265 ; service, 
4266 

Cooler, milk, 4034, 4209, 4^1 
(’oolie, Indian, as labourer, 6629 
Cooling- box, in w'ood distillation, 
5464, 5465 

Cooper, miniature work, 1061, 1062 
Cooper-Hewitt electric mcreurj' vapour 
lamp, 2682, 2683, 2684 
(’oopers, employment conditions, 2053 

— Navy, physical standard, 4265 
Co-operation in business, 6519 
Coops, poultry, material, 5877 ; types, 

5091, 5092 

Cop reel, mechanism, 2592, 2593 
Copal, resin, 810 ; as painting medium, 
871 ; source, 4658, 5147, 5835 ; var- 
ieties, 1034 ; use in varnish, 5835 
(^opernlcan solar system, 6119, 612! 
Coiuiigs, brick formation, 1949 ; joint- 
ing, 3035, 3039 ; ill quantity sur- 
veying, 6507 ; w^all construction, 
varieties, 2267 

Coping-stones, of dock w’^all, 6494 
Copper, 356, 357, 4126 ; analysis. 4413 ; 
chemical properties, 1447 ; ('hiiian. 
5661 ; chemical symbol, kattiion 
and union, 3261 ; contraction, in 
cooling, 1397 ; effect on patho- 
genic organisms, 4095 ; electric 
resistance, 671 ; electro-chemical 
equivalents, 3262 ; electro - dc - 
position, 5752, 6305 ; electro-de- 
position for tubing, 5326 ; elect ro- 
]ila.ting, 3422 ; metal extraction, 
4126, 4127 ; in food, 1447 ; geo- 
graphical distribution, 3771 ; Lake 
Superior region mining, 4068, 
4174 ; lead method of recovtTy, 
4304 ; micro-structure, 5957,3939; 
occurrence, 839 ; ores, 350, 3835, 
4120, 6305; (roasting) 3770, 

3771 ; physical properties, 1396 , 
3837, 3838, 3839 ; pigments, 

1037; pottery, colouring ir«, 
5382 ; lustre, 5385 ; properties, 
4126, 6305; refining processes, 

5753, 5754, 6306 ; relative con- 
ductivity of, 1397 ; ill r(X)fing, 
5035 ; slirinkage of casting, 2342 ; 
soldcir for, 5523 ; specific gravity, 
1078 ; in steel, 4747 ; strength, 
1396 ; supply sources, 5308, 6305 ; 
uses, 6305 ; utility in art work, 
5523 ; welding, 6454 : see also 
( upric and Cuprous 

— alloys, 1447 ; in gold, 3856 ; com- 

position and properties, 3940 ; 
varieties, 6308-6314 

— bronzing baths, 6576 

— , casting, difficulties of, 6306 

— in laundry work : see Boiler 

— oxides, varieties, 6307 

— pans, in cookery, dangers of metliod 

of cleaning, 1225, 1226 

— plate, etching, 6111, 6113 

— pyrites, 6735; properties and oc- 

currence, 6305 ; treatment, 6306 


Copperas : see Ferrous sulphate 
Coppers, brewing, 6058 
Copporsmithing, engineers' tools, ma- 
terials, 3884, 3885, 3888 ; machine 
versus handwork, 4521 ; patterns, 
4522 

Copra, from coconut palm, 2972 ; 

source of oil, 4658 
Cops, dyeing process, 6367, 6368 
Cools, ethnology, 1790 
“ (!’opy,” in jourimlisui, 4191; re- 
vision and siib-editing, 4192; 
obtaining, 4194 ; sources and 
suggestions for, 4672 ; sources 
of supply, 4232 ; treatment, 4230 
— newspaper, good and bud, 4430 

— in printing, reading by compositor, 

5157 ; setting, 5157 
Copy -holder, proof-reader’s, duties, 
5459, 5460 

in typewriting, 1697 

Copying ink, 5367 

— of letters, office boy’s duties, 103 

— of manuscript, advice, 2473 
-- office, fees, 1919, 1920 

— paper, manufacture, 0400 

— i»ress. principle, 855 

( opyriglit, photography, 4418, 0088 
Co(iuillcs, lace, making, 5020 
Cor Anglais, harmonium stop, 4180, 
4181, 4182 

— miisicul instrument, 4895, 4896', 

muniifaeturc, 0524, 0020 ; tone and 
compass, 5729 

Coral, calcium in, 843 ; carboniferous 
system, 2254 ; description, 1083 - 
4085, 4087 ; colours and use, 

5850 ; formation, 558 ; source, 
5121, 5308, 5850 

— islands. 558 

— I>o!yi), reef builduig, 1354, 1815; 

appearance and habits, 558 

— reefs, geological formation, 1815, 

1817; nplieuval, Cuba, geological 
explanation, 1353 ; varieties, for- 
mation, 4084 

— stitch, in underclotliing, 3337, 

3339 

(‘orbel stone, hinns of, 3242, 3213 , 
stopped, 2781, 2781 
Corbelling, in building, 2265, 2207 
Cord, piping, lor needlework, 3093 ; 

paper yarn, 6100, 6401 
Corda* tendinea*, 955, 957 
Corded fabric, design, 2940, 2941 
Cordilleras, of North America, 4001 ; 

of S. America, 4282 
Cording, in sewing, 152, 153 
Cordite, manufueturc, 6703; use in 
demolitions, 6274 

Cordova, Arabs settle in, 2946 ; cathe- 
dral, 2231 ; tourist description, 
1133 

Cords, haberdasher’s stock, 3152 

— manufacture, 5288, 5289 

— vocal, structure, over-tones, 2106 
Corduroys, flnishiiig processes, 4343 
Core, bronze casting, removable, 1674 

— in casting, 2337, 2339, 2340, 234 1 

— electromagnet, defined,. 502 

— makers, employment conditions, 

2645 

— in mining, definition, 2606 

— in moulding, use and preparation, 

2110, 2i/i ; in sweeping-up mould- 
ing, 2459 

— in pipe founding, 5319, 5320 

— iti tube-making, 5323, 5321, 5325 

— of wall, definition, 3033 
Core-box, explained, 2340, 2311 ; in 

wheel-moulding, 2544 
Core-prints, in casting, function, 2340 ; 

in moulding, 2114 
Corea : see Korea 

Curing, in flue construction, 2390 
Corinthian order of architecture, char- 
Hcf eristics, 2035, 2858, 2859 ; in 
Komaii architecture, 2932 
Cork, 5897 ; bark charact-eristics, 1166; 
cutting knives and machine, 5897, 
5898 ; formation on fall of leaf, 
728 ; growth and harvesting, 5897, 
5898 ; for linoleum manufacture, 
5122; source, 4658, 5897, 799, 
1078 

— asphalt, III road construction, 2181 
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Cork carpet, 1026, 1027, 5898 

— grinder, construction, 5122, 5123 

— linoleum, 1026, 1027 

oaks, 5897 ; cork yield, 5897 ; 
(lecorticated and wild, 5iiU7 ; 
tiistribution, 1166, 1167 
Corks, making, sterilising, uses. 5898 
Corliss engines, conipound condensing, 
types and details, 6292-0294 

— valve, of pneumatic drill, 1803, 1806 
Cormorant, classification, 2213 ; food, 

2492 ; webbed toes, 2496 
Corms, of crocuses, function, 728 
Corn, extermination of insect pests in, 
1666, 1668; harvesting, 1662, 

manuring, 589 ; trade in, 1991 ; 
seed, good, 636 ; sowing, 432 

— chandlers, trade of, 1991, 1992 

— cockle, weed, 883 , 1378 ; seed, micro- 

photograph, 3893 

— cutting, instruction in, fees, 1896 

— laws, abolition, 6691 

*' Corn Law' Kliymes,” Elliott's, 1308 

— rick, building, 1664 

— thrips, insect, 3365 
~ weevil, 1667, 1668 

Cornea, coat of eye, 102, 2953 ; lym- 
phatic function in, 1195; phj'sio- 
Jogical account, 2400, 2402 
Cornel, classilication, 353 
Cornelia, mother of the Gracchi, 
character, 1382 
Corner locking, 6756 
Corners, in business, origin and defini- 
tion, 204 

Cornet, in assaying, 5849, 5850 

— musical instrument, construction 

and playing, 5732, 6623 

t'ornets, biscuits, manufacture, 3597 
Cornflour, product of maize, 4874 
Corni, use in guitar playing, 3762 
Cornice, in architecture, liarnionising, 
2130; proportioned, 2134, 2135 

— of brougham, 2829, 2831 

— in building, brick for, 1949 ; deflni- 

tioii, 2265, 2267 ; enrichments, 
5502 ; finishing, 5501 ; plastering, 
5501 ; running mould for, 5501 

— in joinery, 5293-5295 

— in quantity surveying, 6508, 6510 

— stone, protection by leadwork, 5035 
Cornish boiler, 3097, 3098, 6874 
Cr>rns, treatment by cliiropody, 1896 
('ornwall, bismuth ores, 1162 ; building 

stones, 529, 1518; coast, erosion, 
1813, 1814 ; early trade with 

Phceiiicians, 145 ; geography, 1276 ; 
graphite, 1157; slate (juarries, 
530 ; tin mines, 1160, 5308 

— acre, defined, 1147 
('orolla, of flower, defined, 346 
( orollary, in geometry, 4208 
Coromandel coast, 2818 ; pro<luctH, 5381 
Corona*, cause, 2900 

Coronary circulation, 1194, 1195 
Coroiiium, existence in snn, 4135, 6252 
Corot, landscape painting, 4300, 4301 
Coriiora quadrigemina, function, 2145 
f'orimral. Army, examination require- 
ments, 4030 ; in infantry line 
regiment, promotion, 3840 ; Koyal 
Engineers, promotion, 4031 ; Koyal 
Marines, 4266, 4269 
Corpus arantii, 957 
Corpus callosum, 2144 ; of brain, 2537 
Corpus striatum, function, 2145, 2146 
(V>r{)uscular theory of light, 937 
Corpuscular theory of matter, Thomson. 

2294 ; Zeeman’s confirmation, 3618 
Corpuscle, blood : see Blood, cori)Uscles, 
also Leucocyte 

— bone, 435, 436 

— in Physics : see Electron 
Correggio, painter, 3796 
Correspondence, arrangement of, in 

typewTiting, 1696 

— iianker’s, limitations of, 4293 

— business; see Letters 

— German, private letters, 4364 

— Simnish, 5803 ; commereial, 6091, 

6235 

Corridor, arttaded, transference of 
features iii style, 2131, 2134 

— carriages, railway, 2462 ; advan- 

tages and capacity, 2556 ; in- 
creased cost involved, 2274 


Corridors, in architecture, 2131 

Corrugated iron : see Iron 

Corsets, danger of wearing, 1301; 

use and abuse, 4258 
Cortex, in botany, of plant stem, 169, 
170 ; of root, 168 

— of human brain, functions, 101; 

anatomy, 214.5, 2146 ; physio- 

logical psychology, 2299, 2300 

— of kidneys, structure, 1602, 1603 
Corti. organ of, deaeription, 2316 

— rods of, pliysiology, 2534, 2535 
Coriinduin, minern), 768, 813 ; plate 

facing 1345 ; aluminium in de- 
posits, use, 5989 ; precious stones, 
varieties and properties, 5852, 
5853, 5855 ; wheels, for teeth of 
cutters, 3408 

Cosecant, in trigonometry, 6231 
Cosine, in trigonometry, 6231, 6499 
Ct)st accounts of manufacturers’ and 
contractors* business, 3418 

— price, exi>lained, 999 

— , prime, factory w'ork, 6640 

— sheet in manufacturing businesses, 

3419 

— system, 6518 

('osta Kica, geography, 4176 
Costers, competition with fruiterers, 
2530; with greengrocers, 2871 
Cosway, miniature work, 1061, 1063 
Cotangent, in trigonomelry, 6231 
Cotnian, John, landscape painting, 4301 
Cotswold Hills, physical geography, 
1273, 1274 

— sheep, 2362, 2365, 2367 
Cottage homes, pfH)r law, 1930 

— loaf, 3392, 3393 

Cotter, in mechanical engineering, 834, 
3133 

— ill technical draw'ing, 3303 

— see also Keys 

— for tie rods, 3547 
Cott(‘r-pin, in common axle, 3327 
Cotton as carpet warp, 3991 ; in cloth, 

destroying and ti*stiug, 3015; as 
clothing material, 4256, 4257 ; in 
dressmaking, method of using, 
3310; as eleetrical insulator, 
672 ; in papermaking, 5118; ramie 
ns substitute, 721 ; statistics, 384; 
slocking yarn, 4619 

— cake, as cattle food, 2704, 2907, 

3892 ; preparation and use, 1032 

— cultivation, 5117; Bengal, 5381 ; 

Brazil, 5380; Central America, 
4176; China exports, 2974, 2976, 
5659 ; in Egypt, 3276, 3451 ; 

field, 385 ; India, 2820, 2822, 
5381 ; Japanese inifiort, 5659 ; 
Madras export, 5381 ; Jfigeria, 
3454 ; sources, 5117, 5637 ; 8udan, 
3450 

— dyeing, action of dyes, classes and 

qualities, 5637 ; alizarine dyeing, 
5956 ; black dyes, 6195 ; bleaching, 
5637, 6197 ; cutch and gambier dye- 
ing, 5906; dyfdmths, 5954, 5956; 
logwood dyeing, 5905 ; prepara- 
tory operations, 5637 ; “ wetting 
out,” 6197 

— fibres, description, 68, 69, 222, 383 ; 

microscopic structure, 820, 821, 
822; possible rival fibres, 817; 
size, 6279, 6280 ; testing, 1701 ; 
varieties, 1169, 6501 

— industry. 222, 224, 5117; British 

exports and imports, 6004 ; cen- 
tres in tlreat Britain, 6003 ; Ger- 
many, 1976; Lancashire, 1272; 
llussia, 2408 ; C.S.A., 4172, 5063 

— mannfactiire, 383 ; blending wdth 

w'ool, 1126 : breaking, mixing, 
r)pening, and scutching, 1241, 
J242, 1243, 1244 ; carding engine, 
1543 ; carpet manufacture, 3360; 
craping, 5638 ; doubling, 2594 ; 
drawing, 2097, 2098 ; finishing 
processes, 4341, 4343; lustre mer- 
cerisatioii, 5638 ; mercerisation, 
5638 ; rags and shoddy removal, 
5639 ; reeling, 2592 ; scutehing, 
1385, 1386; sizing, 3490; spin- 
ning, 2289, 2290, 2443 ; warping 
machines, 3488, 3489 ; water- 
proofing, 808, 5201 ; willow 


machines, 1241 ; winding, 2502 ; 
yarns, counts, 2895, 2896, 2897 
Cotton oil, 1032, 4831, 4833 

— plant, 222, 225, 387 ; classification, 

352 ; tufted seeds, 912 ; picker, 
387, 388 ; varieties, 1169 

— printing, mordants, 5993 ; processes, 

4499 

— seed, 1032 ; composition, 2704, 2907 ; 

oil extraction, 4830 

— sew'ing, 185, 3093, 4565 

— embroidery, 1096 ; machi^'c, 154, 

1842 

— thread manufacture, 2707 ; test, 

5598 

— twisted, advantage of, 1842 

— yarns, Japan’s export, 5659 ; print- 

ing, 4502 

t^olton-wool, 1169; cost, 5491 
(U)ltrell rotary printing machine, 5870 
Cotyledon in plants, 350, 347, 635 
Coucii, making of, 6589, 6719 

— grass, indication of poor soil, 256 ; 

underground stems, 909 ; a w’“''(i, 
875, 880 

Couch rolls, in paper machine, 6396, 
6399 

Couchcr, in papermaking, 6397 
Coughing, iihysical cxiflamition, 1303 
Coulomb, measure of electric capacity, 
3580 

Coulommiers cbeosc. mould, 4576 ; 
manufttcture, 4575 

Coumarin, in perfumery, pnqiaratiou, 
4971 ; source, 5469 

Councils, local, England and Wales, 
(iasHillcation and numbers, 316 
('ountcr, fitting in draper's shop, 2221 
Counterbalance, in boring machine, 
2668, 2669 

Counterbores, totds, types, use, 4263 
Count erchangc, in design, 5819, 5820 
Counter-die, in dental work, 6034 
Countermines, military, 6273 
Counterpoint, in music, 631 
Countershaft brake, function, 3128 
Countersink, bit used, 3386, 3387 ; of 
rivet bole, 5919 

Countersinking, use of electric drill, 
5455 ; maebim*, construction and 
use in shipbuilding, 5020 
Counler-siibject, of a fugue, 633 
('ouiiter top, joinery, 5293, 5295 
Counter-weight, in crane, 830 
Counting - house, b<x)ks used, ; 
functions, 659, 660 

(•ountrics, commercial types, 5659, 5660 
Counts, in yarn measuring, 2895, 2896 ; 

calculations, 5507 ; table, 5508 
County borough councils, powers, 317 ; 
education authority, 1677, 1678 

— constabulary, organisation, pay, etc., 

1406, 1408 

— councils, arcliitect, 785 ; clerk, 990 ; 

definition and powers, 80, 317 ; 
education scholarsliip, 482 ; educa- 
tion authority, 1677 ; engineer and 
surveyor, 453, 455 ; financial 

officers, 1067 ; inspector of 
weights and measures, 787, 788 ; 
roads, responsibility for, 1978 

— Ireland, 317 

Coupe, car, uses of term, 2830 
Couple (French grammar), gender, 5512 

— in mechanics, 415, 1834 

— r(K)fs, carpentry, 4248, 4249 
Coupling hook, railway 4802, 4805 
(Couplings, of railway goods waggons, 

types, 5070 ; accidents from, 
6070 ; safety, prize offered, 966 ; 

— of shafts, drawing, forms, 3135 
Coupons, collection by banker, 4293 ; 

paper manufacture, 6400 ; pay • 
ment by banker, 4204 
Courage, how to acquire, 2861 ; physi- 
cal, Spencer on, 5098 
Course, in building, definition, 2168 ; 
damp, 2263 ; string, 2265 

— cross, geological definition, 2378 

— in masonry of a dome, 3146 

— in navigation, 6665 

— of ore, in mining, definition, 2378 

— sand, formation in brickwork, 2513 
Courses, in masonry, in ashlar walling, 

3036 ; lacing, 3034, 3036, 3036 
Court of Lions, Alhambra, 3091 
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CourtBhip, of birds, 2505 ; coloration 
of animals, 2157 ; of spiders, 3805 
Coventry’s dam pressure formulae, 
4336, 4337 

Cover, manhole, 3243 

— in sculpture, frame for, 1512 

— stones, in struttiiiR buildings, 918 
“ Cover ” system, in bucket shops, 3483 
Cow, abortion, 3671 ; analysis of urine, 

433 ; breeding, 2238 ; breeds, 
3060 ; calving, treatment before, 
2624 ; dietetic value of milk, 3311 ; 
farmer’s inspection of, 2217 ; 
feeding and foods, 1970, 2706, 
3553, 3673, 3890 ; housing, 2997 ; 
milk of various breeds, 4033 ; 
milking, management previous to 
calving, 3670 ; milking, method 
and records, 3873 ; milking, time 
and place, 3673 ; points of, 3672 ; 
sale in market, 2702 ; stomach 
used for bagpipes, 578 ; tubercu- 
losis in, 3554 

bird, 2209 ; brood parasitism, 2507 

— grass, 040 ; seed, 877 ; nee ulnn 

Clover, red 

--house, construction, 2997, 2998 
Cow-mouth chisel, 4151 
Cowl, exhaust, in drainage ventilation, 
782 ; Sylvester, 4020 
Cowley, Abraham, poet, 992 : descrip- 
tion of Cromwell's ftineral, 1183 ; 
as essayist, 1642 

Cowper, William, poet, U9:i, 994 ; 

edihons, 995; his letters, 2140 
Cowpox, defined, 5410 ; iiuMibation, 
5411 ; treatment, 2624 
(’owslip, 349, 354 ; farm weed, 1378 
(’ow-whoat, description, 605, 506 
Crab, choice of, 3717; description, 
3S07 ; protective metliods, 3 S 08 ; 
dressed, co(.)king, 1873 ; fishing, 
2527, 4991 ; in season, 1531, 1582 ; 
Z(X)logical classification, 3361, 3806 

— in mechanical engineering, 834 
Crabbe, Ceorge, poems, 1304 
Crabbing, in dyeing, process, 6198, 6199 ; 

machine, 6501 

Crack, in w’ood, cause of weakness, 
3540, 3541, 3542, 3545 
Cracked heel, in horses, treatment, 2621 
(’radle, mining, structure, use, 2065 
Crafts, teachers of, 6479 
Craftsmanship, of art, 183, 868 
Crum, principle of weaving, 2941 
(■ramming, folly of, from psychological 
standpoint, 2372 

Cramp, in carpentry, in gluing joints, 
3845, 3846 ; in tenoned frames, 
4040 ; usfc in door and window- 
making, 5182, 5183 

Cramj), in masonry, iron, copper and 
vertical, 30,35, 3037, 3038 ; slate, 
defliiitioii and use, 3035, 3037 

— wooden, use in Jointing pipes, 5628 
Crane, boxplate castiiig, 2111, 2113; 

builder’s merchant’s, 1331 ; brake 
of, 960 ; in carpentry, 4644, 
4645 ; cast-iron jibs, 544 ; ehain- 

S ulley, 544 ; chain, 545 ; derrick, 
rawing, 4202 ; drum casting, 
2338, 2339 ; electric, speed and 
construction, 1595 ; foot brake, 
830 ; in foundry work, lor ladles, 
2865-2^16*7 ; girders, 542 ; hy- 
draulic, 1220, 1224 ; hydraulic, 
movable, 5670 ; liydraulic |)res- 
Hure, 5590 ; hydraulic ship, 5677 ; 
jib, 208 ; mechanics of, 415 ; over- 
head travelling, 6589, 5591, 5592 ; 
saw-mill, 5667 ; side frame, 209 ; 
simple and compound train, 
834 ; steam and electric, 6690 ; 
testing, 3906 ; timber work, 
4044, 4645 ; timber graviiigs, 206 ; 
weight reduction by lattice brac- 
ing, 208 ; travelling, gantry for, 
1173 ; whip, 832 ; winch handle, 
832 ; use in hoisting, 3694 ; use 
in stalth, 4644, 4645 
Ciaiie fly ; see Baddy Longlcgs 
(Iraniology, of various races, 1785 
Cranium, of man, anatomy, 1603, 1004, 
1605 ; in anthropology, capacity 
in various races, 1785, 1787 ; thick- 
ness of, 1004 ; gee also Skull 


Crank, in mechanical engineering, 828 ; 

bent, 828 ; disc, 828 
Crank disc, engine, design, 4424, 4427 
Crank-drive, of shaping machine, 5004 
('ranking, of tool, purpose, 4154 
Crankpin, engine, connecting rod, 5642, 
5643 ; turning machines, 5283 
Cranks, bicycle, 3773, 3774 ; engine, 
forged, 4424, 4427 ; fireclay, 

for firing plates, 5606, 5607 ; 
marine engine, 6295 ; of power 
mill engine, drawing, 4201 
Crank-shaft, of engine, connecting rod, 
5642, 5643 ; of compound Beiliss 
engine, 6750, 5751 ; counter- 

balancing weights, 2021 ; marine. 
Board of Trade rub*, 4426 ; of 
pneumatic drill, 1803, 1800 
Cranmer, Thomas, martyrdom, 3834 ; 

the i’rayer Book, 1640 
Crape, cleaning, 6042 ; in mourning 
millinery, 5774, 5775 
Crater, of electric arc, 2414, 2416 ; 
light distribution from, 2415 

— of volcano, 459, 1207 
Crawling suit, infants’, 3856 
Crayfish, description, 3806, 3808 
Crayon, press illustrator’s, 6103 ; shad- 
ing medium, 2188 

Cream, adulteration, 3716; butter- 
making kinds, 4211; churning, 
4213, 4279 ; dietetic value, 31 09; 
inoculation, 4212; principles of 
production, 4212 ; preserving, 
2217, 3551, 3819 ; qualities, 4037 ; 
rii)ening, 3536 ; sale of, 2217 ; 
setting, 4212 ; straining, 4213 

— cheese, composition, 4490 
— , clotted, 3551 

— separator, use, 3553 
Cream of tartar, 37t»4, 4782 
Creamery, apparatus, 4281 ; Banish 

and Irish, 3553 ; system of, 3552 
Creaiuometer, use, 4037, 4038 
Creasing in saddlery maiuifacturc, 1784 
('reatioii, modern conception of, 4881; 

Hegel’s idea of, 6470 
(’rcative industry, defined, 1 
Credit, nature and function, 488, 3970 ; 
books and documents, 3970 : gee 
alfto Bookkeeping 

— note, explained (invoices), 978 

— in shopkeeping, 703, 5927, 5929 ; in 

buying, 176 ; contrasted with 
cash system, 5927 ; in grocery 
business, 3045 

Oe<iitor, bankruptcy proceedings, 3569 
Creel, of ropevvafk, description, 5291 

— in spinning, defined, 244 1 
Creep, in mining, defined, 3561 
Creeper, fw)d, 2493 

— garden, cultivation, 6322 

— in zoology, 2209 

Creevey, Tbomas, his “ Papers,” 2451 
Cremation, prt>cedure, 5787 

— of house refuse, 5020 
(-reodonta, ancient flesh eat^r, 2039 
Creolin, disinfectant, preparation, 5463 
Creosote, manufacture and uses, 1163 ; 

as preventive of wood disease, 52 

— oils, 5462, 5953 ; uses, 5463 
Creosoting. timber, 62, 3545 
(’repe, rubber, defined, 5199 
Cresceiidt*, in music, 271 , effect, 1891 
Cresol, coal-tar, colour, 596*t 
Cresolin, disinfectant, preparation, 5463 
Cresotic acids, source, 3819 

Crest, of weirs, defiiiitioTi, 1577 
Crested dogstuil, grass, 875, 878 
C^retaccous system, in geology, 2067 ; 
rocks, 2254 

Crete, history, 668, 0148 
Cretonne, design. 6980, 6726, 6727 
Crevasse, cause, 1638 ; definition, 459 
Cr6vecooiir fowl, 4957, 5090 ; weight 
of egg, 5873 

Crew, of British ship, legal rights, 6304 
(Cricket, insect, description, 3364 
Crightou opener, in textiles, 1243 
Crime, caused by disease and chronic 
alcoholism, 6813, 6816 
Crimea, peninsula, Russia, 2408 
~ history, 6202, 6301, 6447, 6692 
Criminal Investigation Bepartment, 
detectives, appointments, 1408 
Criminology, sociologtoal study, 4276 


Crimson lake, pigment, 871 
Crinkled cloth, weaving, 3155 
Crijtoidea : nee Sea-1 lly amf Feather star 
Critical speed and shaft vibration, 2022 
Criticism, literary, American writers, 
2685, 3781 ; English modern, 2865, 
2785 ; English 19tlj eenlury, 2309 ; 
of livijig authors, 2685 

— in poetry, 304 ; nature and im- 

portance of, 1945 
Criton water softener, 1096 
Crivelli, Carlo, painter, 3795 ; raised 
tempera painting, J023 
Croatia-Slavonia, geography, 2162, 2164 
Crocodile, classification, description, 
2677, 2798 ; breathing apparatus, 
food, 2798 ; heart and sternum of, 
956 

— leather, griiii, pUite faring 3217 
Crocus, classification, 355 ; corms, 728 ; 

culture. 6190 ; uses. 6573 
Cnpsus, of Lydia, Cyrus' con(|uest, 2i) 
Croine, .Tohii, painter, 4300 
Crompton’s si)iiiuing-mule, 2ffi-2l41, 
2594 

Cromwell, Oliver, part in tlie Civil War, 
4552 ; foreign policy, government 
of England, 4761 ; funeral, Cowley’s 
descri])tion. 1183 

Cromwell, Bichard, <'har!i(*ter, nde, 4761 
(■romwcli, Thomas, Inograpliy, 3832 
Cronan of Irish bagj>ipes, 5063, 5064 
(Tontroller, electric tramcar, 1933, 
1931, 1935 

(Took-bit tongs, 2984, 2985 
Crookes, Sir NVilliam, on cathode rays, 
4091 ; CnMjkes’ vaenuuj tube, 
3945, 409t» ; kathode rays from, 
4103 \ radiometer, 938; radian) 
energy, 2029 

Crooks, of cornet. 5441 ; of tnimpot, 5137 

Croj) of i)igeon, 2494 

Croj>ping, i»i carpet mujmfactiire, 4311 ; 

in cloth, making, 4106, 4109, 4110 
Crops, agricultural, loodsfutfs, 4959, 
4962'; in Canada, 3204, 3206; 
cereals, culture in Europe, 856 ; 
for dairy cattle, 38tl0-3893 ; 
ensilage system, 1970, 1971 ; ex- 
termination of insect pests, 1066, 
7/>7;r ; * loragc, 1197, 1200; grain, 
account, 872, 883; harvesting 

1662; indu-strial, list, 4692 ; man- 
ures. 589, 590 ; Xew South Wales, 
3239 ; nffation of, 22, 638, 1197: 
seeds and sowing, 366 ; for sewage 
4549 ; South Australia, 3236 ; in 
Tasmania, 3469 ; weed eradica- 
tion, 1377 ; average yield, 26 
(’ro(iuettcs, cooking, 1873, 2335 
(Toss, in surveying, 158 
(Toss-bearer of bogie frames, 3121 
Crossbill, classification, form of beak, 
2209 ; vegetarian feeder, 2494 
Cross- bracing, in scaffolding, 1171, 1173 
(Toss-cut, in sawing wood, 3754, 3755 
(Toss-cut saw, use, 3385 
Cross-cuts, ill mining, 3192, 3193 
(Toss-fcrtilisatiou, defined, 348, 7^9 
“ (Tos.s-flres,” in harp music, 3525, 3527 
Cross-fitchlng, in basket-making, 5564 
Cross-hatching, in drawing, to indicate 
material, 2792 ; in engraving, 
6114 : in w’ood -engraving, 6291 
('’rosH-head, of engine, 207, 2338, 

2341; of coimeetiiig-rod, 5641, 
5643 ; direction of load, 4424, 4425 

— in journalism, 4236 

— of moulding machine, 2541, 2542 
CToss-pieces, in coppersmi thing, 3886 
Cross-pollination, 348, 732, 908, 914 
(Toss-rail, of planing machine, 4999 ; 

testing parallelism, 3963, 3966 
Cross-reference, in bookkeeping, 1866 ; 

in indexing letter-books, 193 
(Toss-slide, in turret work, 3632, 3633 
Cross-staff, surveying Instrument, 262-3 
Cross-stitch, in dress, 151, 3340 
(Toss-tubes, boiler furnace, 3099, 3102 
Crossed-arm governor, 2019, 2020 
Crossed orders and cheques, 1966, 3482 
“ Crossing the Bar,” Tennyson's, 1435, 
1771 

Crossings, railway, 360S, 3609 ; tem- 
porary, 3252, ,3254 ; tj-pe in Abt 
system, 3816 
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f rotobet, defined, 38 
('r«4o« aqnediiet, system, 1680 
Croup, symptom and cause, 6132 
(Yowbar, 3253 ; miners’, 2oS3 
Crowfoot, order, ^49, 352 ; cross-pol- 
lination, 732 ; nectar, 731 
Crown dental gold, 6033 ; soldering, 0034 

— diamond, use in boring, 2668, 2069 

— glass, 5837 ; ingredients, 4533 ; 

manufacture, 4534, 5836 ; refrac- 
tive index, 5852 ; strength, 1702 

— lands. New Zealand, 3467 ; S, 

Australia, 3236; Tasmania, 3469 

— platt^, in vertical boilers, 3100 

— steel, 2845, 2S40 

— of tooth, structure, 576, 578 

— wheel, verge watch, 6081 

Crows, classification, 2210 ; flight, 2496 
Crowsfoot, boring tool, in mining, 2666 
Crucial ligament, human, 1710 
Crucible, blast furnace, 1044 ; bullion 
refining, 5848 ; bullion assaying, 
5850 ; clay, 4748 ; G.)Och, 44 J3 ; 
graphite, 1157, 4748; platinum, 
list' ill analysis, 4407, 4412, 4415; 
)>lumbago, 3942 ; porcelain, 4407, 
4413; thermit, 6456 

— furnace, 2862-2864, 4128 

— steel, production, use, varieties, 234 
Crucibles, manufacture, 3942 
Crucifera*, insect peats, 1666-1668 : see 

also Wallflower 

Criimpling, in plate-welding, 3096-3098 
Crupper, harness. 4886. 4890, 5191 
-- billet, dock, and ring, harness, dimen- 
sions. 4886, 5341 

Crura, cerebelli, and cerebri, anatomy, 
2140, 2147 

Crusades, the, history of, 2674 ; Richard 
I. and, 2914 : and Venice, 2915 
Crushing rolls, brickmaking, 1282 
Crust, of earth, coinpo.sjtion of, 624, 
765 ; formation, 622, 023 

— ill leather manufacture, 3216, 3217 
Crustacea, classification, 3800-3809 ; 

fish parasites, 5315 ; fishing, 4991 ; 
sfie also Lobster and Crab 
Crusties, in breudiiiakiiig, 3283 
Crutch, of pendulum clock, 5714 
“ Cry of the C'hlldren,” Mrs. Browning’s, 
1309 

(.'ryiiig, physiology, 2400 
Cryolite, 1043, 5989. 0735 ; in alniiiiniiim 
reduction, 5756, 5989 ; in glass 
mamifacturc, 4930 
C'ryptograms, classification, 165 
I'rystal glass, recipe, 4533 
Crystal Balacc, origin of its design, 76 
Crystalline Jens, of eye, 2401, 2954 

— minerals, 76’5 , 767, 6730 

— rocks, structure, classification, 897, 

898 ; see also Igneiiiis rocks 
Crystallisation, in chemistry, 4316 ; of 
metals. 211, 3836, 3837, 3937; 
of minerals, 766, 1007, 6730 ; in 
steel-casting, 2098 ; sugar, 4452 
Crystallogra])hy, 766, 6730 ; bearing on 
PTigiiicering, 4560 ; formation of 
crystals, 3849 ; relation to problem 
of life, 4560, 4561 ; value in study 
of molecular structure, 4560 
(’rystalloids, classification, 4698; na- 
ture, 4699; wet reactions, 4406 
Crystals, angles, cleavage, systems, 
766, 4561, 6730 ; dichroism, 5852 ; 
refraction, 3849, 5852 
Cuba, asphaltic deposit, 1164; dis- 
covered by Columbus, 3606 ; geo- 
logical upheaval, 1353 ; geography, 
4178; Spanish American War, 
5976 ; tobacco cultivation, 4270 ; 
Spanish trade, 5823 
Cube in arithmetic, 1547, 1548 

— In drawing, sliading, 1530, 1540 

— in geometry, plans and elevations, 

1747, 1749 \ problems, 2005,2009 

— root, symbols and riile.s, 1264; 

methods of extracting, 1441 
(Uibic measure, table, 226 

— system, in crystallography, 766, 6730 
Cubical body, in technical drawing, 

Tfiaiies for envelope, 4522, 4523 
(Uibiiig, method of, architect’s, 1911 
Cuckoo, 2211 ; brood parasitism, 2507 ; 

caterpillars as food, 3514 
Cuckoo-flower, 3.52 


Cuckoo-piut, classification and descrip- 
tion, 355 ; fertilisutiuii by 908 
Cuckoo-spit : see Frog-hopper 
(Micnniber, stuffed, recipe, 2127 

— group, classification, 353 
Cudbear, source, use in dyeing, 5907 
Cuff, of woman’s coat, 2056, 2057 
Cuffs, starching, ironing, 2910, 2911 
(inlinary utensils, aluminium, 5991, 

5992, 5993 ; copper, 358 
“ Cnllinaii ” diamond, 5854 
C'ulm of grass, definition, 875 
Cultivator, in agriculture, construction, 
uses, 1849 ; horse and steam, 431 
Culvert, in building, expanded metal 
and concrete, 1550, 1557 

— in railway constnictioii, 3010, 3614 
Cumber board, in textile weaving, 3911 
Cumberland, Richard, dramatist, 1151 ; 

novelist, 3132 

Cumberland, iron ore deposits, 2379 ; 
mine, 3304, 3300 

Cuneiform iuseriptions, on early Baby- 
lonian relies, 16, 17 
Cunningham, Prof., table of races 
elassifled by skulls, 1786 
(-up, engraving, 5528 ; silversmitbing, 
5687, 5690 

— shakes, in timber, 52 

— sponge, 4087 

Cupboard, chemical fume, price, 4993 

— ventilation, in building, 6021 
Cupel, assayer’s, 5849, 5850 
Cupellation, of lead alloy, 4303, 5850, 

5987 

Cup-flower group, classification, 353 
Cupola, ill architecture. 2658 

— iron furnace, 233, 234 ; construction 

and W’orking, 2862, 2803 
(!upping, dry, in physics, 1140 
CupramniQiiium, paper solvent, 6561 
Cupric chloride, use, preparation, 0307 

— sulphide, use and preparation, 6307 
Cuprite, copper ore, 4127, 630.5, 6735 
Cupro-nickel, composition, 3V)41, 6618 
('iijirous chloride, 6307 

Cuprous oxide, uses, 37(»5, 6307 
Cups, china, moulding, firing, 5606 
('urari, poison, effect, 439 
('urates, stipends, il02 
(Uirb, disease of horses, 2621 
Curb ring, of derrick crane, 4202 
(iurb-bed, milling shaft, 3457 
(Uird, 4575 ; acidity. 4492 ; breaker, in 
making Cheddar cheese, 457/ ; of 
Cheddar cheese, niuiiufncliirc and 
treatment, 4571, 4572, 4573 ; 

of cheese, manufacture, cutting, 
4490, 4491 ; chicken food, 5436 
chep.Hi^, Yorkshire, 4575, 4570 

— knives, 4571 

— soap manufaetiire, 4961, 4966 
Curf stone, Bastard roach, 533 
Curie, Mons. and Mme., discovery of 

radium, 203, 1448, 1916, 4104 
Curling machine, felt hat 0377 
Currants, 6884 ; preparation for bis- 
cuit making. 3593 ; source, drying, 
4844, 4876 

— black, source, 4847 

— red, preserving, 4846 
(hirrant bushes, culture, 6678 
Current account, in banking, 4291 

— liabilities and bills of exeliange, 

1318 

Current, electric, calculation of me^an 
power, 1364; collecting, for tram 
and railway, 1936, 2080, 2088, 
2090 ; effect on magnet, 561 ; 
generation, 288; idle compoiieiit, 

1 364 ; induced in eye by light, 3226 ; 
magnetic field, 562 ; series and 
})arallel distribution, 2246 ; supply 
and distribution, 288, 2245, 2248 ; 
three- wire distribution, 2246, 2247 ; 
transmitting, power, 2085, 2088 

— alternating, 1104, 1357, 1362, 1905, 

1906 ; transformation, 1657 

— continuous, 1104, 1357 ; transforma- 

tion, 1657 

— three-phase, 1905-1908, 2088 
Currents, convection, in water, 1738 

— marine, 557 ; Atlantic, 557 ; in har- 

bours and docks, cause, 6219 ; 
Indian Ocean, 557, 558 ; influence 
on erosion, 5577 ; influence on navi- 


gation, 4408 ; Pacific Ocean, 557, 
55s ; and pre>'ai]ing Minds, 557 ; 
transport of sediment by, 1814 
Currents, in rivers, observation, 1017 
(iirrying, in leather manufaetiire, 3217 
Curtains, weaving, 3637, 4980 ; ma- 
teriaks, 6722 ; design, 6594, 6596 

— of vehicles, 3023 

Curvature of railway line, results, 
3611, .3612 

— Of stratified rocks, 1923, 1924 
Curve, in design, forms, 5820, 5821 

— involute, tooth, 3656, 3657 

— and fillet, machinery design, 211 
Curved forms, geomef rieal, 5163, 5665 

— fuller, described, 2983, 2985 
Curves, in architecture, 2287 

— cycloidal, drawing, 1413, 1414, 3922 ; 

epicycloid and hypocycloid, 3639 

— in draMiiig, perspective, 596 

— giMimctrical plane, 1411 

— in railway construction, 801, 3611 

— of railway truck, adjustment, 4591 

— ill ship draM'ing, 5610, 5611 

— in wood carving, execution, 5811 
CurM'cn, tonic sol-fa system, 805 
(■iishions, of vehicles, 3623, 3024 
Ciispariu bark, source and use, 6068 
Cusps, artificial teeth, 6031 
Custoin-bonse, as affecting tourists, 

515 ; tourist vocabulary, 1960 
Customs office, staff and salaries, 2765 
“Customary ine.isure,’’ in land measure- 
ment , 1145 

Cut glass, process, 5838 
Cut nail, use in earpeutry, 3543, 3546 
Cut-in notes, in printing, setting, 5150 
Ciit-in sidche.ad, in printing, 4236 
Cut eh. kinds and use, 4658, 5779, 5906 
Cuteh, Ranii of, India, 2822 
(Mitis, of a’''mHls, structure, 2852 
Cutis vera. human, structure, 1419 
Cutlery, dealing in, 2091 ; nuiiiufucture. 
5474-5478 

Cutter, eoal, in mining, action, 3504 

— glazier’s, 4946, 4948 

— sailing vessel, type of rig, use, 5398, 

5399 ; iMni.sh deep sea 4991, 4992 

— tongue, in bootmaking, 4432 
Cutter-bl(a*k, wood eiitfing, 4582, 4583 
Cutter-grinding, process 3407, 3408 
Cutters, of boring bars, 4263, 4204 

— (brick), use, 643, 1947, 1950 

— edge-trimming, boot, 4544, 4545 

— epieyeloidal and involute, 3630 

— grinding, 5212. 5214 

— keyway, eonstnietioii, 5448 

— nulling, in gear cutting, 3630, 3660 

— rotary, kinds, 3631, 3032 

— M'ood-planing and moulding, 4582, 

4583, 6655, 0754 

— umbrella, M'ages, 560:{ 

Cutting on the cross, in dressmaking, 
861, 862, 863; in metal -work, 
552 4 ; wooduwk, 5667 

— angle, of ttx)!, 4150; of plane, 4153 

— face, of tool, 4149 ; of plane 4152 

— iron, slater’s, 4865, 4807 

— presses, saddlery, 4783 

— tools, definition, chisel group, 4149, 

4151, 4152; horizontal and vertical 
coml'.iued, 3321 : reciprocating 
and rotary compared, 3401-3403 

— M'liecl, paper! 1 anger’s, 5827, 5829 

— railway, drawing and preservation of, 

3257, 3258 ; machinery for, 1822, 
1823; proee.ss, 3171, 3174; retain- 
ing walls, 3256, 3257 ; surveying, 
801 ; trimming, 3174, 3175, 3255 

— in velveteen manufacture, 4344 
Cntting-off machines, use, 5214 
Cutting out, ill bootmaking, 4432 
(hittle, ill cloth-making, 4108 
Cuttlefish, description, 3113, 3114 

— hone, use for Jeweller’s easting, 5858 
(Uiyahoga River, bridge, 2886, 2887 
Cuyp, painting, 4299, 4300 

Cwt., symbol explained, 226 
(■yaiiates, discovery by Wohler, 3703 
('yanie acid, chemistry of, 3538 
(Jyaiifde of potassium : see Potassium 
cyanide 

(Cyanide process, gold extraction, 4305 
Cyanides, in electroplating, 361 ; 

syiitliesis, 3538 
Cyanite, 6735; use, 1036 
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Cyanogen, chemistry of, 3536, 3538 ; 

compounds, synthesis, 3538 
Cyaxares, King of Media, 502 
Cycads (Cycadacea*), described, 603, 
605 ; reproductive process, 1118 
Cycle, electric, defined, 1357 
Cycles : see Bicycle 
Cycling, as means of transit, 2154 ; 

value as exercise, 4389 
Cycling-tours, Continental, 393, 715 
Cycloid, detlnition, drawing, 1414 
Cyclones, forecasts, 980 ; law of, 6412 
Cyclopean architecture, period and 
distribution, 2858 ; Myceiue and 
Tiryris, remains, 1526 
Cyclops, L?jscrlption, iiiiOO 
Cyclostomata, order of fishes, 3065, 
mr, 3071 
Cygnus : see Swan 
Cylinder, in bridge building, 2737 

— in drawing, plan and elevation, 

1747, 1740 ; shading, 1702, 1795 

— engine, manufacture, bolts and nuts 

of, rules for, 1703 ; casting, 207, 
2338, 2341 ; casting, estimate 

of weight, 2699 ; casting by 
“ head ” method, 1401, 1406 ; 

castings, tooling allowance, 3316, 
324 ; construction and drawing, 
4423 ; lining out process and 
templets, 3317, 3313 ; moulding 
in loam, 2461 ; pattern for mould- 
ing, 2457 ; plumb-line test, 3690, 
3692 : see also Cylinders below 

— dock, foundation, 6495 

— geometrical ijroblems, 2005-2012 

— hydraulic, strength, 1704 

— in joinery, wood, or staving iii», 

5296, 5200 

— printing machine, 5745, 5868 ; in 

textile printing, 4500, 4501 

— steel, manufacture, 5324 

— systems of water heating, d^?77,C018 

— in technical drawing : on angtdur 

faces, 6030, 5040; conical, for 
gear bevels, 3922, 3923 ; develop- 
ment, 4035, 5033, 5030 ; elliptical 
and circular sections, 4035, 4936 ; 
engine, 4201, 4202, 4203, 4205 ; 
envelope, 4522, 4523, 4934, 4036 ; 
fitting to cone, hexagon and at 
equal angles, 5040, 6042 ; inter- 
sections, 5038 ; jointing at equal 
and une(iual angles, 4934, 4936 ; 
out of centre, 6030 

Cylinders, engine, kinds and use, 5414, 
5415 ; of armoured cruiser, 6296 ; 
Brotl«erh(M)d engine, 6071, 6072 ; 
compound Beiliss, 6760, 5751 ; 

Corliss Bobey, 6292, 6203, 6204 ; 
high and low-pressure jacketed, 
6070 ; of horizontal engines, 5911 ; 
locomotive, 0615 \ of single- 
cylinder engine, 564! ; tandem 
compound <*ondensing, 6069 ; triple 
expansion marine, 6295 ; vertical 
and inverted, 5748, 5749, 5750 ; 
Watt’s wooden, 5416.; see also 
Cylinder, engine, above 
Cyma re(da and reversa, 5297, 5209 
Cymbals, manufacture, 6714 ; playing, 
5567 ; use in orcliestra, 5733 
Cymric language, classification, 1771 
Cynics, the, doctrine of, 976 
Cyprus, cotton trade, 385, 386 ; 

Egyptian settlement at, 421 
Cyrus, King, 20 ; attack on Creoee, 668 ; 

capture of Babylon, his policy, 500 
Cyst, of amoeba, 4088 
Czechs, rare in Bohemia, 2165 
Czerny’s piano studies, 1759 

D.P.H.I diploma of public health, 697 
Da capo, term In music, defined, 270 
Da Gama, Vasco, explorations of, 2947 
Dabber, engraving tool, use, 6111 
Dabbing on, in welding, 2987, 2988 
Dabchiek : see Grebe 
Dactyl, metrical, definition, 305, 328 ; 

prosody, definition, 1706 
Daddylonglegs, description, 1667, 1668 
Dado, In architecture, plaster and 
cement work, 648 ; in design, 
relation to frieze, 5980 
Daffodil, 355 ; culture, 6489 
Dagger, in ship launching, 5293, 5294 


Dahlia, 354 ; culture, 6892 
Dairy, care of, 4211 

Dairy farming, 3551, 3666, 3890, 4033, 
4209, 4239, 4489, 4571 ; in 

Australia, 3238-3240 ; biblio- 
graphy, 3470, 3471, 4576 ; British 
cattle suitable for, 2235, 2237 ; in 
Canada, 3204, 4066 ; countries 

engaged in, 5119 ; English, pro- 
blems of, 1288 ; in Ireland, 1365 ; 
Now Zealand, 3467 ; plan of farm, 
25 ; in Brliice Edward Island and 
Newfoundland, 4069; see also 
Butter-making, Cattle breeding, 
Cheese, Churning, and Milk 
Dairy produce, British, imports (1905), 
3651 ; marketing, 3554 ; list, and 
countries exporting, 6119 
— shop, 1625, 2215, 2217 
Dairymen, business of, 2215, 2217 
Dairy work, as woman’s work, 321 
Daisy, classification, 354 ; florets, 731 ; 
perennial weed, 1378 ; pollen pro- 
tection, 1114 

Dalnuitia, state, description, 2162, 
2164 ; acquired by Venice, 2945 
Dal segno, term in music, 270 
Dalt(m, ,Tohn, conception of tl»e atfun, 
2081 ; Daltonism, 1596, 3731 ; life 
and work, 61, 1596 
Djilton’s law, in chemistry, 1805 
Daltonism, definition, 1596, 3731 
Dam, in carpentry, 4642, 4643, 4644 
Dam, for water power or supply, 1102, 
1403, 1690; ('oventry’s diagram 
and formula, 4336, 43:’7 ; eom- 
posite, construction, 4333 ; eon- 
struetion and foundations, 4335 ; 
earth contrnetion, 1449, 1461, 

4332, 4333 ; masonry construction, 
1454 ; masonry, stability comli- 
tlons, 4335 ; for power. 1690 ; 
pressure on, 542, 1076, 4336, 4337 : 

{ )roflle calculation, 4334, -/‘MJ ; sia- 
)ility of wails for, 2673, 2574 ; 
stresses, 541, 4335 ; see also CofiiT- 
(ianis 

— Nile, position, 3450. 3451 
Damascening, engraving process, 5529 ; 

in jewellery, 5858 
Damask, design. 6697 
Damasks, principle of ornament, 3154 
Daiiiinar, resin, 4658, 5147, 6884 ; 

varnish, 1035 

Damper, pianoforte, 1210, 1116 
Dampers, in building, use, 2390 
— of kitchen range, management, 1226 
Damping, cloth, 4342, 4343 
Damsons, for jam, 4847 
Damson trees, culture, 6678, 6881 
Damstone, of blast furnace, 4469 
l)anc(!s, catering charges, 5583 
Dandelion, 109, 354 ; farm weed, 1378 ; 
fertilisation proetjss, "clock,” 
000, 912 ; florets, 731 ; in mea- 
dows, rosette, 17 1, 173 ; structure, 
340 ; use for salad, 5581 
— order, calyx and see<l dispersal, 000, 
912 ; insect, pollination, 731 
Danes, the, and Alfred the Great, 2,355 ; 
in (’anute’s reign, 2357 ; effect on 
I'inglish people, 146 ; invasions of 
England, 2.354, 2355 ; in Isle of 
Wight, 2611 ; rule in Ireland, 2609 
Danirll cell, 465, 466 ; vol'age, 291 
Danish language, translation fees, 1920 
Dank’s rotary puddlin.g furnace, 232 
Dante, Allighierl, biography and works, 
,537, 4321 ; " Divine Comedy,’’ 

3781 

Danton, G. ,T., revolutionist, 5112 
Danube, course, 226'2, 2167; delta, 
2165, 4518 

Danzig pine, 54, 1261 
Daphne, pass and monastery, 1526 
Daphnia : see Water-lieu 
Darby, plast-tircr’s, 5496, 5497 
Dardanelles, Xerxes’ bridge across, 772 
Darius HI., wars with Alexander, 972 
Darjiling, India, geography, 2562, 2822 
Dark-room, photographic, 4420, 6680 
Darkness, produced by interference of 
light waves, 3229 
Darling, river, course, 3697 
Darling Downs, Queensland, 627 ; 
climate, 3237, 3700 


Darning, in carpet manufacture, 4341 ; 
in cloth manufacture, 4342 ; in 
cloth-making, 4106, 4110 
Darnley, Lord, marriage to Queen 
Mary, 3997 ; murder, 3998 
Dart, of bodice, 475 ; in princess 
robe, 2206 ; in skirt, 654 

— spring, milling boring tool, 2666 
Dartmoor sheep, 258, 2363 
Dartmoor College, naval, training, 4401 
Darwin, (.'harles, biological works, 

1791; on eye evolution, 3180; 
founder of modem anthropology, 
1788 ; and niodern biology, 27 ; 
natural selection illustrative of 
tlie law of progress, 5386 ; origin 
of idea of evolution, 202 ; “ Origin 
of Species, ” 136, 549 ; ])angenesis 
theory, 1314 ; tlieory of coral 
reels, 1354 ; on variation, 486 
Darwin, Sir George, on etlier, light, 
etc., 939 ; theory of tides, 549 
Darwin, Prof. George H., liritisli Assn, 
address (1905), 239 ; on develoj)- 
ment of evolution theory, 487 ; 
researches on earth’s rotation, 620 
Darwinism, definition of, 650, 823, 
1180; origin and iidlnenee, 136; 
])rineipul objections, 827 
l>ash, dasli handle, of brougham, 2820 
Dasiipots, in governors, 2010, 2020 
Date, climatic limitation, 4493 ; staple 
food, 4875 

— palm, 361 \ classilication. 355 

distribution, 027 ; nutans of 
checking eva]>oration, 727 ; tran- 
sliipment, varieties. 4845 

— period of time, Spanisli, 37t)2 
Date shell, lioring apparatus, 3285 
Dating bills of excliauge, 1319 
Datum level, in building, 309 
Dative case, (.<erman, government by 

adjectives. 3931; Creek. 6668; 
Latin rules and idioms, 900 
Daubigny, landscape i>ainting, 4301 
" David," Donatello’s statue, 3670, 
3677 ; Michelangelo's statue, 1345, 
1347, 3678 

David, (terard, painter, style, 3 '.m 1 
David, Louis, i)ainter, st.vl(‘, 4394 
Davidson, John, plays, 1152; " I’ loot 
Street Eclogues, " 1438 
Davi'*, Prof. Ainsworth, on degeneration 
of sea-M(iuirt, 31 ; diagram of 
relation of animal and plant life, 
and energy, economy, 277 ; .state- 
ment of evolution IJieory, 825 
Davis, Jefi‘ers(>n, career, 5976 
Davy, Sir Tlumpliry, 841 ; discovers 
l)ariiim and strontium, 1041, 1042 ; 
iliseovers potassium, 842 ; inven- 
tion of are-ligld, 129, 241 1 ; safety 
lamp, 2001, 3768 
Dawnay's tile flooring, 4756 
Day, in Englisli time measurements, 
226 ; length, astronomical, 6121 ; 
siciereal and solar, 6115, 6246 
Day lH)ok, 078 ; general use, 777 ; 
modern metliods, 1865 ; in single 
entry, 3916 ; small sliops, 45 

— -- elerk, duties, 660 

— gown, layette, 3744, 3745 

— and niglit, cause of, 11, 12 

Days of grace, explained, 1130, 1319 
De Forest, wireless telegraphy, 3898 
J)e Lesseps, Ferdinand, and Suez 
(’anal, 421 

De Qiievedo, Spanish poet, 2630 
De Quincey, Ttiomas, attack on 
Cari.vle, 2452 ; portrait, 2619 ; 
works and critieksm, 2310 
De Vries : see Vries 
De Wint, painter, 1022 
Deacon ehloriue process, 4777 
Dead, the, fear of, 6772; phantasms of, 
and messages from, 3026, 3627 
Dead centre grinding, 3104, 3107 
Dead-head, in casting, 1406 
Dead men’s fingers, 4085-4057 
Dead-nettle, 351 ; description, 354 

order, cross-pollination, 730, 732 ; 

nectaries, 731 

Dead Sea, .asphaltic deposit.s, 1164, 
0009 ; salt in, 1600 ; tlie w’ater, 1078 
Dead shore, in building. 918, 919 
Dead-W'odv, term in mining, 3194 
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Deadeye, definition, 32fi3 
Deadly nightshade, 4009, 6881 
Deafness, appliances, kinds, and prices, 
549:3 ; causes and treatment, U5:3;3, 
6264 ; cause of partial, 2316 
— , nerve, use of siren, 2103 
Deal, timber, 54 ; for carving, 5809 ; 
kinds in the market, 54, 3544 ; in 
staging, 1170 ; strength, stiffness, 
resilience, 1260, 1261 ; sawing 

apparatus, 5904 ; size, 3544 

— frames, in woodworking, 5900, 3!f04 
Deals, stringing, in mining use, 2606 
Death, causes and statistics, 2794 ; 

comparative statistics, 2794 ; hotir 
when most deaths occur, 440 ; in 
evolution theory, 1029 ; natural, 
2662; phy.siological account, 96; 
rate, and hygiene, 2602 ; by starva- 
tion, 866 

Death-watch, insect, 3305, 3366, 3511 
Debenture account, function, 3330 

— stock, term explained, 3484 
Debentures, defined, 1262 ; of limited 

company, loans, 3:330 
Debit, in book-keeping, -ISS, 49J, 978 
DebreqeaiiUi hypoleuca, shrub, distribu- 
tion, textile cpialities, 819 
Debt collecting, by shopkeeper, 5927 ; 
law, 5927 ; societies, 5927 

— proof in bankrui)tcy, 3571 

Debts, allowance for, in balance-sheet, 
2881 ; on balance-sheet, 2758 

— bad, bank bookkeeping, 4444 
Decalogue, the, 606 

Decatising machine, use in dyeing, 6501 
Decapoda, description, 3^0b-:iH0U 
Decay, physiological account, tUi 
Deccan, plateau, India, description, 
2818, 2820; products, 5381 
Deeemvirate, powers of, 1201 
De<'iduous, in botany, defined, 504 
Decimal system of numeratiou, 89, 
337 ; indexing, 6520 ; origiii, 422 
Decimals, rules and examples, 9:i 
Deck ortieer, mercantile marine, 6365 
Deckannee hemp, distribution, uses, 719 
Deckhouse, of sailing ship, o/OO, 5401 
Decking, in staging, piling work, 1173 
D.’ckle, in paperuiaking, 0390 
Decks, of ships, curvature, 5741 ; 
marking positinti, 5739 ; wo(jd, 
laying, 5922, 5923 ; plan of steel, 
oOJ9 ; of four-masted barque, 3 /00 

— of steamer, |»ositiou, erections, 34oj 
Declamation, in singing, study, 6340 
Declaration of Independence, 5846 
Declaration of Kight, 4842, 5845 
Declension, in grammar, explained, 116; 

(ierinan weak and mi\e<l, 1621, 
1622 ; (Ireek nouns, 5375 ; Latin, 
118, 119, 242, 442 
])cchuation axis of telescope, 6249 

— in navigation, 0003 

— of the sun, 709, 6660 

“ Decline and Fall of tlie Koiiiaii 
EiujMre,” (libbon’s, 2054, 3783 
Decoiiiposilion, of f(Kjd, cause, 540:; 
Decorated style, in architecture, 3374 
Decasyllabic lines, Spenser and Burns, 
537 

Dedication of public highways, 2425 
Deduction, an impossibility to the 
subjective mind, 32 m 9 ; nature 
and power of, 6098 ; a test of 
generalisation, Onoi ; use in logic, 
5090 ; value to science, 6002 
Dee, river, bridge over, at (‘liester, 
2497, 2499; course, 1065, 1277 
Deep-sea float, in marine siiryeying 
DecT, antlers as weapons, 2156 ; origin 
of antlers and uses, 811, 825; 
hand, J309, 1870; fur of, 6426 

— red, 2/30 

DtOVcatioii, of sugar, 3827 
Dctfctivc verbs, English, list ami 
coiijugutiori, 903 ; Latin, 1047 
Delciice, luaimnals, 2133-2137 
Defensible posts in military enghieering, 
construction, 6272, 6273 
Deferred shares, defined, 3180 
Deficiency account, bankruptcy, 3570 
Definite article : nee Article 
Definition, in natural science, 484 
Deflection, in beam, testing, 3964 

— scale, of testing machines, 1261 


Defoe, Daniel, biography, 4050 ; pre- 
dominance of } iiglo-Saxon words, 
1771 ; prose fiction, 2963 ; works, 
importance, portrait, 190^ 
Deformity, not transmissible, 1586 
Degeneration, in animal life, 23 
Degree, in geograpliy, explained, 13 

— medical, examinations, 5424, 5429 

— of scale, in music, table of, 273 

— in trigonometry, 6085 

— university, lor women, 4975 
Degiimmiiig, ramie fibres, 1390 
Dehors, French grammar, 6089 
Dehydrator, sulphuric acid, 1720 
Deism, 18th century, 2141 

Dekker, Thomas, dramatist, 846 ; 
editions, 849 

Delacroix, F. V. E., paint itig, 4394 
Delaine, material, width, 180 ; warp, 
2594 

“ Delenda est rarthago," liistory of 
phrase, 1382 

Delhi, India, 2821 ; Mutiny, 6551 
Deliining leatlier, 2956 
Delineation, 342 

“ The Deliverance of St. Feter,*’ Teniers 
the younger, 394S, :3949 
Delivery b(K)k, iise, 776 

— in casting, in machine inonhling, 

2542 ; methods of, 23:18, 2340. 234 f 

— note, auctioneer's, 4986 

— pipe, drainage, 781 
Dellihiniiiin : «cc Larkspur 

Delta, formation. 458, 16:35, 1816, 4497 
Delta metal, composition and pro- 
perties, 360, :3940; strength, 1396 
Demantoid, precious stone, 5853, 5855 
l)emiseini<iuaver, 38 
Demetri, Tsar of llu.ssia, impostor, 6200 
Democracy, failings, 4370 ; progrc's- 
sive form of government 
Democritus, Dreek philosoplicr, first 
ntoinist, 1506 ; materiuUsin, 6258 ; 
theory of matter, 34, 1596 ; tlieory 
of mind, 6463 

Demoiselle, insect, plate facing 3361 
Demonstrative adjective and pronoun : 

nee Adjective and Pronoun 
Demolitions, in military engineering, 
kinds and use, 6274 

Demosthenes, orator, as anti-Macedon- 
ian, 775 ; *• Philippics,*’ 1671 
Denier, old Freticli .silk measure, 
2.598 ; in silk counting, 2890, 2897 
Denmark, coins, w'cight.s and measures, 
409 ; craiiiology, 1786 ; criiamerics, 
3553; J>aiiish mile, 1148; egg 
culture, 5624 ; exports and im- 
l>orts, 5708 ; geography, 1502 ; 
history, 2948, 5:396, 6446 ; language 
atlinities, 1771 ; i>opnlation, 628 ; 
touring directiojis, 1425 
Deniiet, gig, structure, 2466 
l)enoininatf>r in mathematics, 546 
Density, of wat<ir, 798 : nee aim Specific 
gravity 

Dental alloy, properties, 6032 

— easernaking, 6031, 0033^ 0034 

— examinations, 5708 

— mechanic, training and w'ages, 5773, 

.5861 ; work of, 5861-5802, 5864, 
5805, 5866 

— mechanics, use of uliiniinium, 5993 

— plate, making and fitting, 6(t27 ; 

repairs and additions, <3034 ; 
springs, 6035 ; vulcanite, inami 
factun*, 6029, 6032 

— rubber, 809 

— system : Mce Teeth 

— tools, kinds and uses, 6027, 0028, 

0029 ; making, 6035 
Dentals, in grammar, 122 
Dentine, eomposition, 102, 576, 811 
Dentistry, apprenticeship and cost, 
5769, 5771, 5773; artificial teeth, 
6027, 0028, 6030, 0031, 6032, 

0033, 0034 ; cost of establisii- 
ineiit, 5773 ; examinations and 
jlegrees, 362, 5768, 5772; lieenre, 
i'ost. of, 5773 ; nature of work, 
5549, 5550 ; possibilities of succosh 
ill rural districts, 771 ; pre- 
ilminary examination and study, 
5770 ; practical training, 5861 ; 
jirofits, 5773 ; private pupilage, 
5770 ; registration and cost, 


5768, 5773; training, 162, 5772; 
training liospitals, 5770, 5771 ; 
training in U.S.A., 5772, 5773; 
women’s work, 321 ; see also 
Dentist above 

])onudation, 436, 1813 ; vegetation 
us (dieck to river denudation, 456 
Department stores, competition with 
jirivate trader, 5925 ; develop- 
ment and limitations, 5925 
Departmental accounts, bookkeeping, 
:34]6; sec also separate, accounts 
Departure, in jrivigation, 0666 ; in 
plotting surveys, 369 
Dephlegmator, in metliyl-alcohol dis- 
tillation, 5465, 5466 
Depilation, in leather maiuifacture, by 
sweating, by lime, 2854, 2855 
Dt'ponent verl)s, in Latin, 900 
Dein)sit account, in banking, 4291 

— receipts, in bank i)ookkeoping, in- 

terest calculation, 4444 ; for fixed 
luTiods, 4292 ; register, 4442 
Deposition, iu geology, sedimentary, 
1816 ; alluvial, 2:377 ; marine, 
gravel, mud, sand, 1814 

— subaqueous, in mining, 2958 
Depreciation account, of parliamentary 

companies, ;3:132 

— of assets, bow shown iu bookkeep- 

ing, 2758 ; iu hire - purchase 
accounts, 3918 ; in income tax 
return, 3334 ; iu relation to <*f)st 
of production, 3419; see. also 
Sinking fund 

Derby brights, coal, source, pit price, 
carriage, cost in Loudon, 1991 
Derby, Countess of, 1651 ; iiolds Ish* of 
Mail against I'arliuinciit forces, 2611 

— ICarls of, rulers of Isle of Man, 2611 
J>erby;.hire, industries. 1272 ; Icail 

deposits, 2379 ; Peak district, 1271 
Dcrincstid, iieetlc, 3511 : see, also 
Bacon and Fur beetle 
Dermis, of aiiiimils, structure, 2852; 

huiuaii, structure, 1419, 1423 
Derrick, in building operations, 1172 

— in mining, use, 2008, 2070 ; rope- 

boring, 2845 

— stoneniason’s, use, 2840 

— craiic, 205; stagings for, 117<3; 

trestles to carry, 1173; stage, in 
building, 1433, 1134 
Dcrricking, of jib, drawing, 4202 
Descart(‘s, lleiic, denies consciousness 
in lower animals, 3117 ; discovery 
of rcllcx action, 2013 ; doctrine of 
automat ism, 2012 

“ Descent from the Cross,” Itulicns, 
3947, 3948 

Desert, Bussian, 2408 ; industries, 5707 
Desert*^, action of wind in forming, 
1500 ; distribution, 626; irriga- 
tion, 627 ; Mexico, 4175 ; >It)rth 
American, 4065 ; plant life, 727 
Desiccator, chemical, 4407, 4412 
Dcsidcrative verbs, Ivatin, 1047 
Design, adaptation to material, 5798, 
5979, 5980 ; application to orna- 
ment, 5818-3821 ; beauty in, 2133 ; 
hooks on, 6629 ; broad principles 
and tlieir apjdicatiou, 108, 5522, 
5523, .5818, 5977 ; commercial 

adaptation, 5977, 5978, 3979, 5980; 
fitness in means, material, and 
purijose, 5980 ; geometrical basis, 
5977 ; harmony with piirpcjse, 
5523 ; in industrial arts, 5818 ; laws 
of, 3819, 5820 ; material, conform- 
ability, 5980 ; i)lant form adapta- 
tions, 5978, 5979 ; the repeat, 
5977 ; .study of, 5521 ; three 
(‘ssentials, 5820 ; traditional and 
natural, 5818 

— architectural, principles of, 2128- 

2133, 2283-2288 

— for books, 6728 

— in carpet weaving, 3357, 6 3^t5-6390 

— geometrical evolution, application, 

2320-2322, 2397, 2500 

— nmeiiine, books on, 5595 

— textile, i)rinriples of, 2939, 3163, 

5510, 0383, 6390 

— vehicle models, 2728, 2729 

— wallpaper, 6725 
— • see also Drawing 
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Besiffning flhop, in engineering, 2108 
BeHigner’H paper, textile, 2939, 2940 
Desire, contrasted with will, 2993 ; 

etWcal importance, 2860 
Desk, construction, 4862, 6588, 6589 
Desman, aquatic insect-eater, 1764 
Desmids, 166, 1370, 1373 
Despotism, in Europe, 629 
Desrumanx water softener, 4096 
Dessous and dessus, French, 6089 
Destruct-or, refuse, cost of installation, 
utilisation of power, 5024 
Detail, in drawing, 343 
Detectives, qualitlcations and payment, 
1408 ; railway, 5108 
Detector, in wireless telegraphy. Hertz 
and others, 3895, 3897 
Determinism, psychological theory of, 
2995 : see also Will, Free wll 
Detonators, use, 6274 ; manufttcture, 
6765 

Detru8ion,of building materials, timber, 
1257, 1260, 1261 

— in tnol work, dellnitlon, 4140 
Detnisive tools, action, 4581, 4585 
Detl ingen, battle of, 5554 
Developers, photographic, making up, 

4421, 4422, 5467, 6(,8.), 6683 
Development, in biology, 137 ; physio- 
logical, 96 ; see also Kmbryology 
Devereux, Robert, Earl of Essex, 
quarrel with Queen Elizabeth, 
execution, 3999 
Devil machine, stnicture, 2897 

— plasterer’s tool, 5500 
Devilling ” in law% 6748 

Devilling machine, in preparation of 
gutta-percha, 810 
Devitrification, in geology, 1008 
Devon cattle, 2235, 2237, 3666, 3067 ; 

long wool sheej), 2302, 2367 
Devonian system, geology, 2067 ; 
rocks, 2253, 2254 

Devonshire, cattle farming, 986 ; geo- 
graphy, 1276 

Dow, formation of, 1900 ; geological 
effect, 1504 

Dew point, detennination, 1899, 6131 
“ Dew i)ond8,” construction, 4026 
Dewar, Sir James, experiments on 
carbon, 1158; on fluorescence, 
3372 ; hydrogen liquclicd by, 841 ; 
low tenjperature researches, 1294, 
1444, 1560 

Dewey, Frof., pragmatism, 6470 
Dewsbury, industry, 1272 ; wool counts, 
2895, 2896, 2897 

Dexter cattle, 250, 3667, 3070 ; cross- 
breeding, 2236 

Dextrin, constituent of human body, 
439 ; formation, detection in 
gum arable, 5363 ; composition, 
uses, 1169 ; in glucose, tests, 4557 ; 
prodtietioii, proi)erties, 3706, 5363 
Dextrose, chemistry of, 3705 
Diabetes, cause, symptoms, 6038 
Dimresis, in French, 450, 1054 
Diagonal, definition, 4723 

— cloths, principle of design, 2941 
Diagnosis, objective, 5540 

Dial, verge watch, 6081 
Diallage, serpentine component, 520, 
768 

Dla-magnetlc bodies and metals, Fara- 
day’s list, 4244 

Diameter, of circle, definition, 285, 
287, 4208 ; of ellipse, 1411 
Diamine, dyes, dyebath, 5955, 6501 
Diamond, 1046, 1074, 1157, 5854, 6735 ; 
areas for prospecting, 2581 ; artifi- 
cial, 5853 ; from Brazil, 4287 ; 
brilliant cutting, 5854 ; in boring 
apparatus, 2668 ; cutting and 
polishing, 5854 ; distribution, 3772 ; 
from (lolconda, 2820 ; mining, 
5854 ; sources, 5308, 5854 

— earth, weathering, 3771 

— glazier’s, 6836, 6839 

— in vehicle trimming, 3623, 3024 
Diamond-back moth, ravages by 

larvffi of. 1007, 1668 
Diaper, use in design, 5821 ; geometrical 
design, 2320, 2397 

Diaper, textile, figure-designing, 3153 ; 

warps and weft threads, 3909 
Diaper, in wood-carving, 6046 


Diaphragm, in drainage, 570, 734 

— of man, definition, 30, 162, 147, 576 ; 

and mechanism of respiration, 
1300, 1301, 1303', in singing, 

function, 6048, 6052 

— of lenses and microscopes, 6126 
Diarrhoea, 6843 ; epidemic, infantile, 

mortality, 5412 in cattle, treat- 
ment, 2624 ; in horses, 2620 
Diary, bank bookkeeping, form. 4443 
Diaspore, ahimininm ore, 5989, 6735 
Diastase, action in starch, 3085, 3706 ; 
ferment in plants, 636 ; in prodiio 
tion of alcohol, 2878 
Diathermancy, definition, 2060 
Diathesis, in heredity, 1587 
Diatoms, description and habitat, 166, 
1369, 1373 ; spectrum examinu- 
tion, 3228 ; in trlpoli powder, 1814, 
1815 

Diatonic intervals, in music, tuldc, 274 

— scale, in music, 272; tonic sol-fa, 

807, 924 

Diaz, landscape i)aint(‘r, 4301 
Diazutising, process and bath, 5955 
Dickens, Charles, novelist, 3440, 3441 ; 
explanation of his genius, 2136 ; 
Forster’s life, 2616 ; on <d>servH- 
tion, 1883 

Dickey seat, of van, 2828. 2829 
Dicks’ tube-making process, 5327 
Dicotyledons, 350 ; classification, 3523 
Diclutor, liomaii, power of, 1138 
” Dictes and Sayings of the J*hilo«-f)- 
phers,” first English l>ook printed 
in England, 3605 

Dictionaries, educational value, 2138, 
2938 ; Dr. Johnson’s, 2053 
Dido, and founding of Carthage, 1202 
J)ido building Carthage,” picture by 
,T. W. Turner, 4301, 4302 
Die-eutting, in boot -making, 4540 
Die-forging, 207, 2989, 2991, 3107 
Die-head, capstan iathe, 4923 
Die-heads, forms, 4481, 4482 
Dielectric, capacity of electric con- 
densers, 3580 

Dies, tools, American solid, 4481, 4482 ; 
English hand, 4482 ; forging. 207, 
2989, 299 J, 3107 ; machine, forms, 

4480, 4482 ; screw cutting, 3628 ; 
screwing, 4480, 4481, 4482 ; self- 
opening, forms, 4482 : soring, 

4481, 4482 ; steel for, 4747, '4749 ; 
temper of, 4746 

— in saddlery nianufuct are, 4748 
Diesel oil-engines, 2278, 5127 

J tie-sinking, art metal-work, 5529 
Dietaries, avoidance by the liealtliv, 
36(H) ; child’s, 4683 
Dietetics, 3380 ; book on, 3823 ; 
Bcrthelot’s tablet scheme, 203 ; 
beverages and diets, 3377 ; cookery 
and food, 3311 : digestive system, 
673 ; essential oils in, 1033 ; food 
in relation to bealtli, 3109 ; princi- 
ples and practice, 3599 ; vi*gefable, 
3110 

Differential block, of pulley, 688, 834 
Diffraction of light, 3368 : see also 
Refraction 

Difi’users, in beet sugar manufacture, 
4160, 4162, 4103 
Diffusion, 1375 , law' of, 1302 

— pulp, of beet sugar, use, 4164 
Digesting returns, explained, 2473 
Digestion, controlled by will, 5841 ; 

effect of alcohol, 3377 ; effect of 
coffee, 3379 ; effects of tea, 3378 ; 
of fats, chemical prtK’Css, 3486 ; 
functions of lyinphaties, 1195 ; 
influence of mind on, 3600 ; in- 
fluence of teeth on, 5549 ; process 
of, 073 ; and iiientul strain, 2672 ; 
tables of forms of food, 860 
Digestive organs, human, 197, !57G ; 
intestines, 675, 676 ; mouth, 673 ; 
stomach, 673 

Digger, steam. In agriculture, 431 
Digit, in mathematics, explained, 90 
Digitalis purpurea, heart tonic, 4013: 
see also Foxglove 

Digitigradc, limbs of mammals, 1869 
Digits, developed into hoofs, 1869 
Dignity in architectural design, 2129, 
2280 


Dimensions, algebraic expressions, 2149 ; 
in psychology, 422, 2119; in work- 
shop practice, 3692 

Dimethyl, in chemistry, definition, 2876 
Diminished intervals, in music, 274, 363 
Dimity, warp and weft tlureads, 3909 
Dinas bricks, 644, 1285 ; in furnace 
construction, 3942 

— clay, use for firebrick, 1285, 3941 
Dining-cars, railway, 4802, 4809, 481C 
Dinosaurs, in zoology, 2377 
Diocletian, Emperor, rule, 2072 
Diogenes, his tub philosophy, 976 
Diorite, rock, 1008 

Dip, iu mining, definition, 2377, 2378 ; 

measurement, 1923, 1924 
Diphtheria, conveyed by air, incuba- 
tion, causes, mortality, anti-toxin 
treatment, 5410, 5411, 6541 ; 

symptoms and treatment, 6260 ; 
toxin, 6781 

Diphthongs, absence of in Italian, 2044 ; 
English, definition, list, 121 ; 
Dernian, 252; in shorthand, 261, 
1101, 1102 

Diplex, in telegraphy, defined, 4668 
Diplodociis Carnegii, skeleton, plate 
faedng 2065 

Diplomatic service, Britisli, appoint- 
ments and salary, 2931, 2935 
Dipnoi, order of fishes, 3045, 3067 
'■•ipper, classification, 2210 
Dipper, in astronomy ; see (^reat Boar 
Dipping, sheep, 2366 
ipteral, in architecture, 2859 
ij)-trap, in drain piiie, 570, 571 
irect sounder, telegrapliic, 4606, 4007 

— irector, of cycloidal curve, 1414 
Directors, limited company, annual 

list, 3331 ; function, 3185, 68l)i) 
Directory, French, purpose of, 5112 
Directrix, in conic sections, definition, 
5783; in geometry, 1411, 1412 
Dishurscnient card factors, 6040 
Disc grinder, design, 2791, 2792, 5210 
Disc valve, of sewer, use, 4457, 4 1,')8 
Discharge, coetficient of, 1574, 1577 

— iu textile printing, 4502 

— of water through orifice, 1573 ', 

through weirs, 1577 

— in static electricity, 3570, 3580 
Discord, in music, 363, ,565, 2319 ; in 

setting melodies, 631 ; in piano- 
forte playing, value, 1890 ; rela- 
tion to Imrinony, 2319 
Discount, banker’s and true, 1 129, 1319, 
4292 ; of bills of exchange, 
bankers’ charges, 1318; of bills, 
how’ to enter in ledgers, 1509 ; of 
bills, Scottish procedure, 1466; 
calculation, 1571 ; for cash, in 
shopkeeping, 170 ; on debenture 
account, explained, 3331 ; how' to 
record in bookkeeping, 491, 658 ; 
legal aspect, 658 ; stock at, 
defined, 1262 

— rate. Bank of England’s, influence 

on foreign exchanges, 4170 
Discounted bonus system, in insurance, 
3223 

Discounting, 1320: see also Discount 
ami Exchange, Bills of 
” Discus Throw'er,” statue, 2929 
Discussion, as factor iu education, 2137 
Disease, application of term, 5700 ; 
disseminated by mosquitoes, 3721 ; 
due to age, 5701 ; due to sex, 
5700 ; endemic, causes and preven- 
tion, 5409, 5410; epidemic, pre- 
vention, kinds, 5410 ; and here- 
dity, 1587, 2662 ; immunisation 
during, 6544 ; immunity, 6543, 
6781, 6782; immunity of certain 
races, 1030 ; incident to special 
climates, 5274 ; infectious, incuba- 
tion and infection periods, 5054, 
5050 ; infectious, kinds described, 
6260, 6261 ; infectious, notifica- 
tion, isolation, 5055 ; infectious, 
preventive measures, 5054 ; dis- 
infection after, 5056 ; infectious, 
'-ource of impiu'ities in air, 3799 ; 
influence on evolution, 1029, 
6782 ; kinds increasing and de- 
creasing, 4530 ; mierobic, 6430 ; 
moral, immunityj 0784 ; nervous 

6935 
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Disease — co Ainiied 

6201 ; reeurrent, 5702 ; symptoms 
ami their causes, 5539 ; systems 
of treatment, 5540, 5541 
Dish, of wheels, explained, 3127 
Dishonoured bills of exchange, 1090 
Disinfectants, kinds and uses, 5055 ; 

from coal-tar and benzene, 5467 
Disinfection, in laundry work, 2590 
Disinfectol, from creosote oil, 5463 
Disjunctive personal pronouns, in 
French syntax, 2047 
Disk-flower group, classification, 353 
Dislocation, in geology, definition, 1925 

— treatment, 6472 

llisniissal of domestic servant, law 
appertaining, 611, 6845 
Dispensing, career for women, 321 ; by 
chemists, remuneration, 1651,1654 
Dispersion, in light, 2734 ; in telescope, 
correction of, 2950 
Displacement curve, of ship, 

Disraeli, Benjamin : see Beaconsfleld, 
Lord 

D’lsraCli. Isaac, works, 2450 
Dissection, in l)(K)kkeeping, 2270 
Dissenters, attitude of Established 
(’hurcli, 4950 ; defence by Daniel 
Def(M*, 4950 

Dissipation of energy’, 1298, 2062 
Dissonant intervals, in music, 363 
Distance, judging by sound, 1019; 

problems concerning, 1549 
Distemper, in horses, treatment, 2620 

— water paint, varieties and manufac- 

ture, 1036, 5836, 5149 

— brushes, painters’, 5831 

Distillation, in chemistry, 241, 4316, 

6818 ; destriictive and construc- 
tive, processt's and plant, 5461 

— in metallurgy, process, 3836 
JHstma hepatinm : see Liver rot 
Distress, law of, 6847 
JMstributed load, in beams, 2198, 2199 
Distribution, in biology, 137 
Distributive numerals, Latin, 601 

— pronouns, ICngllsfi, 007 
Distributor, rotary, in type printing 

telegrapli. 5394, 53.95 
District councils, summary of powers, 
316 ; see aho under Vrban, Bural 
distriet eouncils 

— medical ofHcer, 1027 

— nursing, condition.s of w'ork, 6172 
District railway, lieating, 3025 

— superintendent, railway, 4229, 4230 

— - surveyor, duties, 454 
Diver, birds, 2214 ; food, 2493 
Dividend, in arithnietie, 91 

— eompany, 1262, 3186, 3189; .ajipro- 

priation of profit aeeoimt, 3330 ; 
payment by banker, 4294 ; relation 
to profit, 2421 

— in stockbroking, relation to risk, 3483 
Dividers, measuring instrument, use, 

kind.s, 55^?, 4701, 4703, 4707 ; use 
in drawing, 284 ; spring, metal- 
worker’s, 3521 ; in seale delinea- 
tion, 5410 

Ibving bell, description, 1403, 1827 
Diving dress, 1827, 1328 
Divisibility of matter, 1205 
Division, algebraic, 2151, 2281 ; arith- 
metical, 91, 94 ; eompound, rules, 
229 ; of fractions, 705 ; recurring 
decimals, 885 

Division of labour, psycliological pro- 
blems, 2548 ; boot factory as 
instance, 4239, 4241 

— in sculpture of figure, 1509 

— in zoology : see Fission 

Divorce, law of, 6850; iion-rccognifioii 
by Jlonian Catholic church, 4063 ; 
sociological aspect, 4683 
Djibeh, nighUiress, drafting, 3088 ; 
for invalid, 3591 

Dobby, weaving machine, action, 3685 
Dobson, Henry Austin, autiior, critical 
works, 2687 ; as poet, 1438 
Dock, weed, 882 ; classification, 354 ; 
eradication of, 1378; root as 
tanning agent, 3013 
Dock gales, 0333, 0334, 6495; Ijy- 
<lraunc, 1224 ; timber for, 464*4, 
4040 

Dock, of liariiess, 4886 ; making, 5191 


Dock labourer, industrial drinking, 5816 
Docks, construction, 0331, 0334, 6494, 
0497', pressure of water, 1076 
Doctor: see Medical profession 
Dwtrine, true and untrue, 5530 
Dodder, 506, 507 ; farm weed, 882, 1378 
Dodecahedron, deflnitioii, 1747 
Dodo, classification, 2211 
Doe-leal lier, 1166 

DofTer cylinder, of carding machine, 
function and mechanism, 1543, 
154.5, 1540 

Dog, classification in biology, 380 ; diet, 
3111; length of intestines, 578; 
trade in. 891 

— ill carpentry, in gluing joints, 3845 

— ill joinery, use in trestle eoiistruc- 

t ion. 1173 

— of pinning machine, function, 5000 
— .prairie, digging claws, 1871 

— tmigs, in steel production, 4907 

— tool : see Cunniiaiider 

— ill woodworking, for grijiping logs, 

5901, 0902 

l>og-biscuits, maniifactiirc, 3598 
Dog-Carriage, in wood-working, 5996 : 
see Log carriage 

Dog-cart, dimensions and weight, 2726 ; 
as means of transport , 2152. 2154 ; 
side elevation and half back, 2731 
Doge, first creation, 2945 
Duge’s palace, architecture. 3376 
Dogflsli, use as food, 3000, 3066 ; 

plague of, (‘aiiadian action, 5318 
Dogger Bank flslieries, 980, 987 
Dog-irons, in shoring buildings, use, 916 
Dogmatism, applied to knowledge, 
6257 : and the new cliemistry, 2553 
Dogs, boring tools, 2600, 2667 

— of typewriter, mechanism, 1527 

— used in shinbuilding, 5737, 0738 
Dog-.sliore, in lauiicliing ships, 5923 
Dog-spike, in railway construction, 

fixing, 3252, 3201 ; unfixing, 3253 
Dog-tooth spar, form, 766, 707 
Dog-violet, pollination, 908 ; seed 
dispersal, 910, 911 ; self-fertilisa- 
tion, 909 

Dogwoixl : see Cojnel 
Du-kat, in sugar manufacture, 4353 
Doldrums, nautical term, definition, 290 
Dolichocephalic racijs, 1786 
Dollond, acliromatic lens, 295, 4930 
Dolly, yarn scouring niacliine, 6198 
Dollying, in knife manufacture, 5477 
Dolly-tub, in laundry work, 2470 
Dolmens, erection inspired by religion, 
2480 

Dolomite, characteristics, 1042, 1073, 
6736 ; uses, 3941, 3942 ; for furnace 
construction, 3942 
Jloloniites, in geology’, 534, 768 
Dome coverings, making, 3888, 3889 
Vonie, ill architecture, churclies, 3(J9() 

— in masonry, construction, 3140; 

kinds, 3148 ; supporting, 3148 
])onies, boiler, construction, 3103, 3106 
Domesday Book, introduction, and 
reasons for, 2359 
Domestic cla.ss, statist i<*s, 2976 
Domestic economy;, sclio»»ls of, 3509 ; 
teachers, 6479 ; women’s training, 
321 

— otiices, in building, ventilation, 6021 
Itomestic servants, duties, 761, 814, 

1002, 1091 ; position in law, 009, 
614, 6815 

Dominant, in biology, 1482, 1483 

— in music, 273 

— seventh, 363, 566 ; use in iiiodula- 

lioiis, 568 : see also Bass, figured 
Doming block, jeweller’s, 5857 
Domitian, Emperor of Borne, 2068 
“ Don Quixote,” Cervantes’, (|iiotation 
with translation, 2482 ; first Eng- 
iisli transiatioii, 2962 
Donatello, sculptor, ” Head of a Young 
Man," by, 1511 ; style and w’orks, 
3676, 3071 

Ifoomsday Book : see Domesday book 
Door, automatic closing, 4700 ; con- 
struction, proportions, Tarietics, 
5179, 5180, 5181 ; fire-resisting, 
4752, 4753, 4757, 4760; frames, 
and their parts, 5181, 5182; full- 
size architect’s drawing, 5692 ; (iil 


moiir fire-resisting, 4760 ; glazing 
internal, 5839, 5840 ; hinging, 

5184, 5185 ; quantity surveying, 
6513 ; as meaps of ventilation, 
4010 ; woodwork, 3339, 3540 
Door post, of room partition, 4448 

— vehicle, 2827 ; of brougham, 2829, 

2831 ; of carriages, sectional draw- 
ings, 2727 ; hanging explained, 
3022 ; i>illar, concealed hinge, 
2727 ; trimming, 3624 
Doors, raking mouldings of pediments, 
5297, 6299 

Doorway, architect's detail drawing, 
5692, 5691 ; splayed work, 5296, 
5298 ; double curvature, 5297, 
5299 

Doppler’s principle. 3260 ; applied to 
star motions, 3371, 6698 
Dorians, invasion of (Ireecc, 668, 2858 
Doric order, in Creek art, 2035, 2808, 
2809 ; in Roman architecture, 
2932 

Dorking fowls, ’ 4659, 4601, 4953 ; 

cross breeding, 5623, 0024 
Dormant life, explanation, 277 
Dorsal nerves, human, 1941 

— tube, 29 

— vertehne, human, 1000, 1000, 2144 
Dorset horn sheep, 257, 2361, 2367 
Dorsetshire, geograidiy, 1275 ; oil 

.shales, 6009 ; wpol, 72, 221 
Dot, use in engraving, 6114 
Dots, soldered, use in lead rooting, 0033 
~ use in plastering, 5499 
Doited notes in music, value of, 38 
Dotterel, courtship by hen, 2505, 2506 
Double bar, in music, 40 

— bass, musical inslniment, 3107, 5720, 

0728 ; manufacture, 6701, 0707 

— clarionet, cost, fingering, 4785, 4791 

— bassoon, musical instrument, de- 

scriptifuj and playing, 4900 

— bowed notes, In orehestrul music, 

5880, 5891, 5892 

— chamber system, in brickinaking, 

1282 

— cloths, desiikMi, 2942, 2943, 2944 

— decomposition, term in chemistry, 

1597 

— entry bookkeeping, conversion 

from single entry, 3917 ; origin of, 
1467 ; see also B(M)kkeeping 

— faced cloths, design, 2942, 2043 

— note j)assages, in pianoforte music, 

dire<’tion of hand in, 1758 

— perch, of waggon, 2829, 2830 

— ranging, in surveying, 263 

— roller, gin, 389, 390 

— slate, size, .530 

— stopping, in violin playing, metlit)d 

of playing, 2412, 2413 

— tij>-liead, arrangement of lines, 

railway construction, 3775,3176 
Doubling, ill music and harmony', 364 
Doubling, Scottish system, 2707, 2708 

— in silk manufacture, 2596 

— in sugar niunufactnre, 3831 

— in textile manufacture, 2593, 2594 

— ill thread manufacture, 2707, 2708 
Doubt : see Scepticism 

Dough, making, 3283 

— in biscuit-making, 3594, 3595 

— in bread making, 339 J 
Douglas, (lawiii, Scottisli poet, 328 
Douglas, Sir Bobt. K., orientalist, 2786 
Douglas Hr, culture, 4679 

Doultiug freestone, 1518 ; use, 533 
Dove’s many-voiced syren, 2103 
Dover, Admiralty J*ier, Briiice of 
Wales’ pier, 6333, 0335 ; (’on- 

tinental fares from, 714, 715 ; 
harbour eonstruction, 6331-0334 ; 
harbour regulations, 6220 ; shipping 
and trade, 6005, 6006 
Dovetail saw, detlned, 3385 

— cutting machine, 0050, 6657, 6756 
Dovetailing, in joinery, 4773, 7656; in 

frames for plain tables, 5294, 6295 
Dowden, Edward, critic, 2687 
Dtiwcl, in cabinet-making, 0681, 6584 ; 
in jointing window sashes, 5183, 
5184 ; in masonry, 3035, 3038 

— joint, ill vehicle construction, 2833 ; 

of wheels, construction, 3127 
Dowsun gas, 6818, 6927 
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BoyleyH, iu laundry work, ironing and 
dyeing, 2910 

Drable, axle, use of, 3320, 3327 
Draft, of bill of exchang(‘, 1317 

— in textiles, defined, 3909 
Drafting, in cloth weaving, 5509 

— table, in drawing, 27 HO, 2780 
Drafts, in masonry, definition, 2849 
Drag, coach axle, 2465, 3326 
Drag, comb, tool, 6:i2 

Drag, harrow, 1230, 1231, 1849 

— mason’s tool, description, 2S37, 2840 

— plasterer’s, 5496, 3497 : see also 

J^arry 

— prop ami shoe, of van, 2829 
Dragon beam, of hipped roof, ^25-1,4254 
Dragon-fly, jacing 3361, 3364 
Dragon’s blood, resin, source, 4658 
Drain-pipes, agricultural, 570 ; forms, 

371, 646 ; junctions, 570, 371, 733 ; 
laying, 734 ; see also Drainage ; 
manufacture, 646, 5777 
Drain plug, in buildings, 782, 783 
Drainage, in buildings, 569 ; books on, 
6349 ; of country lu)uscs, 780 ; 
general arrangement, 737 ; house 
and stables, 735 ; pipes for, manu- 
facture, 646 ; plan, 733 ; of site 
for building, 329 ; testing, 736 

— of land, agricultural land, 258, 432 ; 

levelling and gradients, 591 ; i)ipes 
used for, 570 

— of railway earthworks, 3237, 3258 ; 

of permanent w’ay, 3429 

— roads, 2323, 2324 

Drains, agricultural, 432, 781 ; cleans- 
ing apparatus, 734, 784 ; cO!i- 
n<*cti<uj with main sewer, 733 ; 
detection of disused, 329 ; exca- 
vation for, 329 ; house and 
stablos, 735 ; laying, 733 ; qunitity 
surveying, 6513 ; of sanitary house, 
3031, 5054; self-cleansing, 737; 
testing of, 782 ; ventilation, 781 
Drakenherg Mountains, 3275, 3584 
Drama, English, 1152; Elizabethan, 
hibliograjdiy, 849 ; Milton, 992 ; its 
place in litenitnre, 678; Restora- 
tion to 1900, bibliography, 1149; 
to Shakespeare, 678 ; Shake- 
speare, 680 ; after Shakespeare, 845 
Dramatic agent : see Theatrical agent 
Drai)er, business and trade of, 45,2219, 
2221, 2223 

Draperies, hanging, 6722 
Drapery, deflnition of term, 2219 ; 
husiness, 45, 2219-2223 

— study ill shading, 2187 
Draught, iu easting : see Taper 

— in heating, 6015 

— production in furnaces, 4126 

— of vehicles, conditions of strength 

and sj)eed, 2725 
Draughtsmen, niunieipal, 1214 
Drave, tributary of Danube, 1838, 2164 
Dravidiaii race, 417 ; ethnology, 1789 
Drawbacks, in easting : see False cores 
Draw boring, of tenoned joints, 4040 
l)raw’bri(ig(;, 2886, 2888 
Drawer, in joinery, 4111, 4113, 4115; 

making, 5294, 3295, 6381, 6586 
])rawers, boy -baby’s, 4193 ; girl's, 
4473 ; infant’s, 3S50 ; young 
eliild’s, 4030, 4051 

Drawing, 108 ; aeeuraey, importance of, 
1533 ; bow to block in, life models, 
342, 344 ; ebiarosenro, medium 
and principles, 1533 ; dictionary of, 
3009 ; instruments, 284 ; prepara- 
tion for modelling, 1345 ; perspec- 
tive, linear and aerial, 595, 600 ; 
prehistoric, 2255, 2256, 2478, 2479 ; 
iu stumping chalk, 1535, 1330- 
1339 ; true drawing, 470 

— architect’s, 5419, 5420, 3421 ; 

joinery, masonry, and carpentry, 
5094-5697, 5698 ; detail drawings, 
variety, 5692 ; drawings for a 
house, 5542, 3343-5547 

— brush, 2690-2693 

— engineer’s, 2790 ; axle-boxes, 3263 ; 

ax1es« 313:i ; bearings, 3263 ; 
belting, 3263 ; bolts, 3003 ; 
clutches, 4002 ; couplings, 3133 ; 
friction wheels, 4002 ; engine 
details, 4423 ; gearing, 3638, 3656, 


3921, 4000; keys, 3003; machine 
design, 4201, 4323 ; nuts, 3003 ; 
odontugrapli, 3640 ; imlleys, 3423 ; 
rivets, 3003 ; rope driving, 3423 ; 
screw threads, 3003; shafts, 3133 
Drawing, freeiiand : see Freeliand 

— geometrical : see ( Jeometrieal draw - 

ing and tfcomctry 

— light and shade, 1533 ; in mono- 

ehroine, 1792 ; pencil, 2184 

— memory, 1088 

— model : see Object draw ing 

— object : see Object drawing 

— pastel work, 1061 

— in sculpture, outlining on stone, 1676 

— for sheet-metal workers, 4521 ; cones, 

4737 ; 4933 ; curved articles, 5163 ; 
cylinders, 4933 ; ellipses, 5163, 
5347 ; envelopes, 4521 ; polygons, 
5163 ; pyramids, 4524 

— solid geometry, 1747, 2005 

— technical, dictionary of, 3009; in- 

struments, 2788 ; stjuared paixT, 
4329 ; se^ also Drawing, engineer’s, 
Draw ing, sheet -metal and (Jeo- 
in irical drawing 

Drawing-board, architect’s, sizes and 
inateriuls, 5420; cleat, attach- 
ment, 5293 ; technical, 2789 

— cards, use in workshops, 4000, 4001 

— down in forging, 2984 

— frame in textiles, electric stop- 

motion, 2293 ; French system, 
2291 ; mjicl)inc details and manu- 
faeture, 2097, 21(V» ; woollen spin- 
ning, 2290, 2291, 2293 

— ottlee, of shipyard, 5608 

— paper, manufacture, 6401 

— shop, in engineering, 2108 
Drawings account of i)artners, 2978 ; 

division of profits, 2756 

— arehiteetural, scale, 1910; for cert i- 

ti cates, 1912, 1913 

— in building, use of, 307 

— sliip, 56(»8 

Drawing-stitch, in tailoring, 1111, 1112 
Draw-kiln, lime, calcination, 617 
Draw-knife, 3386, 3387 ; chisel, 4150 
Draw-plate, metal-worker’s, 3321 ; in 
wire-drawing, 3324, 5525 
Draw-stop action, of organ, 3857 
Draw-tongs, metal-worker’s, 3321, 5524 
Draws, in castings, cause, 3962 
Drayton, Michael, account, 538 
lU'cams, savage’s interpretation, 6772 
Dredger, Imeket, in mining, 2938, 3333 
Dredgers, in canal excavation, 5336 

— iu mining, 2938, 3333 

Dredging, machinery for, 1826, 1S27, 
1828 ; methods, 3333, 3336 

— iu mining, appliances, 2938, 2960 
Drenching, leather, 3011 

Dress, average (piuntities of material 
for, 186 ; for evening wear, 968 ; 
see also. Children’s clothing. Dress- 
making, etc. 

— chariot, described, 2465 

— material, design, tltness, 5980 

— vehicles, suspension, 3122 
Dresser, carved, plate lacing 5809 
Dressers, plumber’s, 5029, 3030 
Dressing gow’n, 3588 ; Watteau, 3390 ; 

young eliild’s, 4030, 4052 

— jacket, style, 3590 

— machine, 1215, 1247 

— in milling, process. 3081, 3083 

— in thread manufacture, 2708 

— ill textile manufacture, 3489 
Dressings, in buildings, 2177, 2178 
Dressmaker, business of, 971, 2437 ; 

ecpiipnient, 185, 2437 ; sundries, 
haberdasher’s stock, 3152 
Dressmaking, 150; accessories, 185; 
frills, kilted, 968; sewing-machine, 
154 ; sewing and stitcliing, 
150 ; training for, 322 

— business of : see Dressmaker 

— see also Tailoring 

Driers, in i)aints, kinds, mixing, 5831, 
6571 ; in varnishes, 5835 
Drift tool, form, use, 3107, 4385, 4586 
Drift-net, use, description, 4990 
Drifting, forging process, 2990 

— in plate-punching, 3095 
Drill, effect on children, 4863 

Drill, brick and stone boring, 5182, 5183 


Drill, diamond, in boring W'clls, 4029 

— <!lcctric, types, 5450, 5453 

— hand-driven, use, 5449 

— in mining, 2583-2587 

— machines, in agriculture : see Seed- 

drilling maeliines 

— mattress ticking, 6720 

— mechanical and power, 3304, 3307 

— metal-workers', 5521, 5524 

— pneumatic, 1803,1800, 5452, 5433 ; 

rock-c'itting, 1825, 1826 

— portable electric, varieties, 54‘/.S-5453 

— power, percussive, 2584, 2585, 2586 

— rock, form, 1825,2584, 4480, 5356 

— types of, 4259, 4262, 4263 

— sfe also ilrilling machines 
Drillers, forms of tests, 3965 
Drilling, in art metal-wwk, 5523, 5525 

— in boiler-sbop work, 31(!(), 3104 

— compared with punching, 3095, 3097 

— by light portable machine tools, 5449 

— machines, varieties, construction and 

use, 500't-3007 portable types, 
5277, 5279, 3280 ; structure and 

purpose, 3317, 3319-3323, 5005 

— in mining, quarry work, 2955 ; 

rotary, Ker, 2668, 2669 ; single- 
handed, 2581, 2387 

— pillar, 5449 ; portable maeliine tools : 

see Drilling machines aboce 

— ill wood-carving, 6043 

Drink })roblem, a social problem, 1124 
Drij) moulding, of light waggon, 2829 
Drip pipe, in building, use, 6023 
Dripping points, botany, defined, 727' 
Drive, carriage, making, 6318 
Drive, in power transmission, 3531 ; 

universal and flexible shafts, 3449 
Drive iiipe, of hydraulic ram, 1685 
Driven brush, manufacture, 6109 
Driver, railway, work, wages, etc., 4597 
Drivers, of American clock, 5712 

— of public vehicles, employment, 4185 

— of railway motor vans, 5079 
Driving-belt, tise of raw liide, 3532 
Driving box, of brougham, 2829, 2831 
Driving, us a career, 4185 

— process in timber crane work, 4644 
Driving liead, latlie, improvements, 4914 
Drone bee, funetions, 3937 

Drones, of bagiiijx^s, 5039, 5062 
Drop lorging, in iron working, 236 

— liammer, 960, 2991; construction, 

2022 ; in drawing down, 2984 

— prints, in casting, 2340, 2341 

— test, application to rails, 3608 
Dropper, in mining, deflnition, 2379 
Dropsy, cause, 5540; caused by 

alcohol, 5842 

Dross scoop, galvanising, 6104, 6170 
Drought, Australian, 3702 ; cause and 
effect, 4491 ; suggested dellnitiohs, 
diagram of periods, 4027 
Drow'uing, psychological plienomena, 
2305; treatment, 6473 
Druggists' sundries, surgical instrument 
dealer’s stock, 5192 

Drug's, action and use, list of those with 
specifle value, 5541 ; alcohol iu, 
2880; apothecaries’ weight, 226; 
dyers’, 5779 ; modern discoveries, 
237 ; properties and uses, 4006,4014 ; 
psychic action, 5690; standardisa- 
tion, 4009; synthesis, 2711, 4128 

— plasterers’ tool, 5496, 5497 
Druid stones, occurrence, 2254 
Druidism, in Ireland, 2608 

Drum, coal drying, in cement manu- 
facture, 1853, 1835 

— crane, casting, 2338, 2339 

— of the ear : see 'rympamim 

— fur-cleaning, 6431 

— pump, principle, 1686, 1687, 6060 

— in shaft sinking, 3459 

— ill stuHiug, leather, 3219 

— tanners’ tool, 3162, 3163 

— of whip crane, 832 
Drumhead cabbage, 2906 
Drummond, Henry, author, 2617 ; 

story of childhood of, 104 
Drummond, William, poet, 539 
Drums, elassifleation, 5565 ; chromatic, 
bass, 5733 

Drumstick, mam’iiulation, 5565, 5566 
Drunkards' oft’spring, heredity theory, 
1588 
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Drunkenness, convivial and industrial, 
5814 ; as a disease • see Alcoliolism ; 
effects, 5813 ; and heredity, 2«62 ; 
law rctcarding domestic servant. 
611 ; psychological physiology, 2300 
Dry coll, electric, 465, 467 
Dry-cleaning, use of benzoline, 6148 
Dry rot in timber, 52, 1037, 1371, 3545 
Dryer, in cement manufacture, 1853 
Dryden, John, author, dramatic works, 
1140,1152; poems, 992 ; as prose 
WTiter, 1642 

Drying, in brickmaking, 1282 

— cylinders, in dyeing. 6372 

— in laundry work, 2689 

— in milling, 3080, 3081 
Dry-point engraving, 6113. 6290 

Du Chaillu, work on Scandinavian 
travel, 213, 860 

Dualism, of mind and matter, 3287, 
6464, 6467 

Dubbin, as stuffing material, 3219 
J)ub-end carving, design. 27 'JO 
Dublin, exports and imports, 6006 ; 
harbour, construction, 6330 ; har- 
bour revenue system, 6220 ; police, 
1406 ; water supply, 4027, 4157 
Dublin I'niversity, dental licence, 5770 ; 

theological course, fees, 162 
Duck, Anseres, bill, 2494 ; descrip- 
tion, 2213 ; webbed foot, 2496 

— pojiltry, carving, 5934, 5035 ; choos- 

ing, *1228, 3717 ; dietetic value, 
3311; manure of, 5875; roast, 
rooking, 1874 ; varieties, breeding, 
notising, and rearing, 5704, 5705 
Ducklings, housing, rearing, and feed- 
ing, 5706 ; roast, cooking, 1874 
Duckweed, 730 ; sew’age plant, 4549 
iMu’kwing fow’l, 5080 
Duet, in building, ventilation, 6023 

— ])h.vsiologicaI, deflnitioti, 102 
Ductility, contrasted with malleability, 

1375; of metals, 3838, 5523 
Diulgeon expander, use of, 3104 
Dudley, Lord (luihlt'ord, marriage, 
execution, 3833, 38:U 
Dudley, John, Duke (»f >«orthunihei - 
land, protectorship, executiotj, 
3833, 3834 

T)ugr)ng, 1762; fishing and uses, 5121 
Dulcimer, musical it»strumeut, eon- 
struetion and use, 4314, 4315 
fnreitoiie, musical instrument, 5560 
Diilongand Petit, atomic heat, law, 1014 
Duma, Itussian, convened, 6301, 6302 
Dumh-fault, in mining, definition, 2377 
Dumb well, digging, steining. 2323 
Dumdrudge soldiers, quotation from 
“ Sartor Resartus,” 5098 
Duni]»y level, use, in building, 309 
Dummies, plumbers’, 5029, 5030 
Dummy, masons’ t<K)l, 2837-2839 
Dunbar, William, Scottish poet, 328 
Duiiran I., of Scotland, murder 2607 
Dunehi, plant, distribution, uses, 818 
Ihindee. industry, 1025, 1000 
Dung, farmyard, properties, 433, 434 
Dung-beetle, elassiflcatioii, 35JO 
Dunl(»p, ,r. history of fiction, 2902 
Duiisf, in milling, definition, 3079 
Duiistaii, St. .Archbishop of Canterhiiry, 
life, 2356, 2357 

Tfuodeeagon, geometry of, 285, 744 
Duodecimals, calculation by, 1715 
Duodenum, digestive pr(K*esH, 675 ; 

structure, 576, 579, 580 
Duplex system, in telegraphy, 4606 
Duplicating, in typewriting, 1698 ; 
charges, 1920 

DupnS landscape painting, 4301 
])ura mater, anatomy of, 2146 
Duration, singing voice, 6047 
Durer, Albrecht, characteristics, por- 
trait by, 4117 ; school of, designs 
suitable for stained glass, 4945 ; 
woodcut, 6201 

Duresco, distemper, manufacture, 1036 
Durmast oak, timber, 56 
Durham Cathedral, 1272, 3233 

— cattle: nee Shorthorn cattle 
Jhirham, county, geography. 1272 
Dust, in air, and sources, 3798 

— bin, sanitary, 5054, 5055 
~~ cfilleetor, use in milling, 3083 

— Showers, volcanic, diffusion o(, 1207 


Dusting brushes, painters’, 5829, 5831 
Dutch, phlegmatic temperament, 5701 

— bond, in masonry, 1521 

— cheese, dietetic value, 3311 

— clinkers, size, weight, 1620 

Dutch East Indies, coins, weights and 
measures, 409 

— language, 1771; English importa- 

tions, 1770 ; translation fees. 1920 

— metal, composition, properties, 3940 
rush, struetnre and use, 1310 

Dye tray, in leather manufacture, 3455 
Dye : eee Dyes 
Dye factories, -erection, 5908 
Dyeing, use of alununium sulphate, 
4780 ; animal fibres, 5637 ; coal- 
tar dyes, 5953 ; <t«)S 8 process, 

6502; fixing agents, 5780; hand 
and muehiiie, 0367-6372 ; indigo 
piece-dyeing, 5782 ; insoluble 
colours, 6194 ; u:ixed effects and 
fabrics, 6501 ; mordants, 5779, 
5780; one-bath, 6501; plant, 
5782 ; preliminary operations, 
6196 ; principles of, 0649 ; recipes 
and patterns, 5637 ; slop 
padding, process, 4502 ; textile 
fibres, properties and treatment, 
5037 ; vegetable fibres, 5639 ; 
water, qnalitv, 6196 ; w'oollen, 0502 
-- leather. 3164, 3455, 6049 

— machines, 6367-6372 

Dyers, employment coiidifioiis, 2651 
Dyes, acid, recipe, kinds, properties, 
5955, 5956 ; azo group, eoniposi- 
fitm and representatives, 5468 ; 
anthracene group. 5408 ; artificial, 
nomenclature, 5953 ; .artificial, snh- 
elussifleulioii, 5954 ; basic, 5955 ; 
direct e(dton, properties and use, 
5054, 5055 ; dyer’s, 5779 ; in- 
soluble, 6194, 0296 ; natural, 

sourct's, groups and uses, 5781 ; 
natural, superseded by artificial, 
5908 ; iKimenelature, 5953 ; phenol 
group, 5468 : self-colours, 6501 ; 
slu»t-efficts, 6504 ; synthetic, 2711, 
5953 ; in textile printing, 4501 ; 
union-cloth. 6501 : vegetable, 5118, 
6651 ; gee also under Colours 
Dyestuffs : see Dyes 
Dyewoods, source, varieties, 4658 
“ [tying (»aul,” statue, 2930, 2931 
Dyke, in geology, 2065, 2067 
Dynamics, defined, scope, 314, 411 ; 
Oalileo and, 35 ; relation to 
statics, 85 ; see also Mechanics 
Dynamite, 6761 ; production of, 3272 ; 

use in demolitions, 6274 
Dynamo, compound-wound. 1324, 1325; 
construction, 4296 ; excitation rules, 
1109; Faraday’s invention, 129, 
951 ; field magnets, 1105 ; frame, 
14-pole, 1108; giant, 1325; in- 
duction, right-hand rule, 1105; 
magnet windings, calculation, 1108; 
niagneti.sm, excitation, 1325 ; mag- 
neto-electric generators, 1324, 1325; 
modern type, 1104, 1 106 ; principles 
of, 949 ; series parallel circuits, 
1322 ; series- won lid, 1324 ; shunt- 
wound, 1324 ; supply system, 
three-wire, 2246, 2247 ; voltage 
calculations, 1324; windings, lap 
and wave, 1321-1323 
Dynamometer, use, 3965, 3967 ; spring 
tension, in mine surveying, 804 

— car, railway, 5104, 5105 
Dyne, unit of force, defined, 424 
Dysentery, symptoms and diet, 5843 ; 

conveyed by water, 5410 

— bees’, symptoms, treatment, 6963 

— in cattle, treatment, 2624, 2625 
Dyspniea, cause, 1303 
Dyspi'psia : see Indigestion 

EAQLEf f)rder of birds, classiflcaiion, 
description, 2212, 2213 ; flight, 
2496 ; pursuit of prey, 2493 

— golden, 2213 

Ear, tinman, anatomy, 1512, 2533- 
2535 ; care of, in children, 4863 ; 
diseases of, 6264 ; book on, 5427 ; 
moving, power lost, 2315; recon- 
strnctive pow'er of, 2317 ; in 
sculpture. obst'rvatlon and 


anatomy, 1510, 1612 ; sound wave, 
analysis by, 2317 ; stxiicture and 
function, 2315, 2316 ; trumpet for, 
principle of, 2102 
Ear cap, for layette, 3745, 3746 

— middle, function, 2316 
Earbreadths, of van, 2828, 2829 
Early Christian architecture, 3089 
Early English architecDtrc, 3374, 3375 
Earring, Etruscan and Greek, gold, 

manufacture, 5687, 5688 
Ears, electric tramway wire, 1935, 1938 

— in millinery, velvet, 5331, 6332 

— in plumbing, in fixing pipes, 5629, 

5632 ; of roof pipes, 5704 
Earth, age of, 1923 ; age, geological 
estimation, 1924 ; age, estimation 
by saltness of sea, 1601 ; age, 
radium estimation, 2027 ; astro- 
nomical statistics, 6250 ; astro- 
nomy of, 6404, 6699 ; circumference 
and area, 13 ; compared witli 
sun, 6250 ; contraction of, 622 ; 
curvature, 11, 375; dynamical 
geology, 1205, 1208, 1209; forma- 
tion, 6702 : heat of, as pow’or 
supply, 5127 ; history recorded in 
stratified rooks, 1921 ; interior, 
theories of, 023 ; magnctisni of, 
42-1:J, 4246 ; man’s adaptation 

to his needs, 4515; miss, cal- 
culation, 640.') ; motion of, physical 
account, 315, 549; orbit, 6120; 
6401, 6405; rotation, 6115. 

61 19, 6120 ; physical geography, 
10, U ; relation to the solar 
system, 620 ; revolution, umiual, 
15 ; revolution round sun, 11 ; 
secular movements, 1355 ; spheri- 
cal shape, 622 ; sun’s radiation 
pressure, 3620 ; surface (?hanges. 
reasons for, 302 ; yearly revolu- 
tion, 6120 

Eartli, in electricity, 669. 670 

— (the soih angle of repose of, 2572 ; 

“ getting ” process, 3171 ; medium 
for transmitting sound, 2101 ; 
weight, 1704 

— slips, railway, 3258, 3250 
Earthenw'are, early drinking cups, 

2178 ; manufacture, 5161, 5233 : 
see also China and Pottery 

— burnt, for drain-pipes, 570 

— business and trade in. 1803, 1894 

— glazed, use in drain-pljies, 509 

— trades, employment co«iditi()ns, 

2653, 2654 

— in w'nils, damp course, 2264 ; tic.«i, 

2266 

Earthquake, hooks on, 2256 ; sub- 
marine, 1209; geological effects, 
1352 ; cause and effect, 1208 ; 
connection witti faults, 1925 
Earfhnut : see Arachis 
Earth-tremors, cause and effect, 1208, 
1209 ; see also Eartluinake 
Earthwork, embankment construction, 
1449; railw'ay, 3171 ; preservation 
of, 3257 ; slipping, in railway con- 
struction, 3258, 3250 
Earthworm, description, use, 3507 ; 

fertilising agent, 1814 
Earwig, description, 3363, 3364 
Easel, 1217 

Easing, in dressmaking. 152 
East India Company, 223, 4843, 6549, 
6552 

East Indies, cranioiogy, 1786 ; exports 
and imports, 6380; map, 3160 
petroleum deposit-s, 6000 

— Dutch, Dutch trade, 5826 
Eastern cadetships, 3477 
East-ern Hemisphere, size, 850 
Eastings, in plotting surveys, 370 
Easy chair, upholstery, 67J7, 67 18 
Eau-de-Cologiie, recipe, 4972 
Eaves, of tiled roof, 4809, 4870, 6511 
Ebonite, constituents, use, 809 ; at 

insulator in electricity, 672 ; manu- 
facture, 4668 ; see also Vulcanite 
Ebony, for carving, 5809 ; source, 
4658, 6894 ; strength, weight, 1260 
Eccentric, in engineering, »28, 4420, 
4429 ; engine valves, 5642, 5044 
Eccentricity, in conic sections, 5783 
Eccleslasticlsin, hirtory of, 6774 
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EchinoderniR, rlmrflcters of, 1492, plate 
iacinq 4081, 40H3 
Echinoidea ; eee Sca-urehin 
Jlciton, wandering ants, 3725 
Eclipse, of moon, i7, 6504, (ififlS 

— of sun, 0504, 0505 

Ecliptic, in astronomy, defined, 6120, 
02^3, 6246, 0248, 6250, 6665 
Ecology, term explained, 138 
Economics : see Political economy 
Economiser, gas burner, 6026 ; grate, 
6015, 0017 

— bowl, of electric flame lamp, 2684 
Economy in business, 6518 
Ectblipsis, in Latin verse, 1767 
Ectoderm, of coclenterata, 4083 
Ectoparasites, of fish, 5315 
Ecuador, geography, 4282, 4200 
Edam cheese, composition, 4400 
Eddystone Lighthouse, cement used, 

2428; destroyed (1003), 4051; 

dovetailed joggles in joints, 3035, 
3039 ; stone used for, 520 ; struc- 
ture and foundation, 76 
Eden, river, course, 984, 1271 
Edentata, mammals, characters, 1763, 
1765 ; dcv(;loi)ment of claws, 
1871 ; scale and plate arnunir, 
2156 ; species of, 1401 
Edgc-cuttipg machines, bool, 754/, 4545 
E«lge-plate, of brougham window, 2829, 
2831 ; of carriages, 3325, 3329 
Edge-runner mills, cement, 1582 
Edges, in drawijig, treatment of, 1534 

— ineasurcment by, 3602 
Edge-setting, in bootmaking, 4545 
Edge-trimming, in bootmaking, 4241, 

4543 ; in saddlery, 4783 
Edgeworth, Maria, novelist, 3132 
Edging, in vchieic decorntinn, 3481 
“ Edinburgh llcvicw,” founders, 2309 ; 
Carlyle a contributor, 2452 ; Ala- 
caiiluy’s essays, 2615 
Editing, new'si){ip(T, morality of, 4431 
Editor of newsi)aper, function, (lualifl- 
cations, 3811, 4429 

Edmond Ironsides, king, and the l.ianes, 
2357 ; and St. Dunstan, 2356 
Education, book • 


traveiling advantages, 64 

— Acts (1870 to HM)3), 3505 ; as 

affecting municipal control, 1677 ; 
effect. s, 80, 318 ; jiGWcrs of district 
council, 310 

— applied, 1743, 5593 ; further in 

(Iroup Index, pane 0890 
-— colonial, openings ft)r teachers, 3741 

— committees, medical advisers, 699 

— county, university srholarships, 481 

— girls’, mediicval and modern, 3505, 

3509 

— Indian appointments, :>478 

— inspectors, 2252, 3303, 6479 

— Ireland, 483 

— J<ondon, authority, statistics, 319 

— municipal service, 1677 

— I)raetiein, value, 5593 

— Seotland, 483 

Edward, King of Britain, 975, 2357 
Edward the (’oufessor, reign, 2358 
Edward I. of England, compicst of 
Wales, 2610; takes Isle of Man, 
261 1 ; reign, 3073 ; restrictions on 
trade, 146 

Edward II., reign, 146, 3075 
Edward III., regency, 3076 
Edward IV., character and reign, 3603 
Edward V., accession and murder, 
3603, 3604 

Edward VI., reign, 3833 

Edward VII., cattle breeding, 2235 ; 

.state landau, 2465 ; travels, 212 
Eels, carving, 5936 ; care of young, form 
of body, 3069 ; clioice of, 3717 ; 
classiflcatiou in ziKjlogy, 3065 
Efferent nerves, definition, 102 ; course 
and nutriment, in spinal cord, 
2143 see also Motor nerves 
>:ffcrvescing sails, preparation, 4774 


Effervescing waters, dietetic i.iluc,'3380 
Efflorescence, defined, 842 
Effluents, trade, exidusioii from sew’ers, 
4548 ; purification, 5704, 5767 
Eft, description, 2800 
Egg, acid, in snlidiiiric acid plant, 4028 
Egg ill biology, production of germ 
cells, 1315 : see also Ileprodiictioii, 
Pangenesis, Ovum, etr. 

Egg - and - tongue ornament, 5820 ; 

moulding, 5297, 5299 
Egg-capsules, of cuttleflsh, 3110 ; 

of purple shell, 3114 
Egg celt, plant reproduction, 347, 348 
Egg-cells, of mosses, 1312 
Egg-gciicration, biological importance, 
1311 

Egg-organs, of ferns, 1110-1118 
Egg-laying mammals (monotremata), 
swimming apparatus, 2038 
Egger-nioth, matefiial solicitude, 3514 
Eggs, niiinial, “ dormant. *’ life, 277 

— birds, 2506 ; plates foUottrinq 2496 

— of bony fish, 3068, 3009 

— poultry, buttered, with imisbrooni.s, 

2331 ; centre of gravity and 
e<(uilibrium, 800 ; chemieal analy- 
ses, 5094, 5873 ; cooking at high 
altitude, 1741 ; eouiitrics ex- 
porting, 5119 ; dietetic value, 
3311, 3381; digestibility, 3314; 
dummy, 5091 ; fertile and in- 
fertile, 5091 ; fricasseed, recipe, 
2334 ; batcliiug conditions, 5091 ; 
hatching by incubator, 5263, 
5204 ; largest, 2214 ; laying by 
poultry, 4660, 1662 ; preserva- 
tion, 4931 ; shell, percentage, 
5874 ; shell, weight of, 5434 ; 
sauce, reeiiie, 2004 ; selection for 
Bitting hens, 5091 ; test for ebiekens, 
5092; test for fn?shncss, 4714; 
weight and composition, 5873 ; 
white and yolk, nutritive values, 
3599 ; w’hite and yolk, propor- 
tions of, 5874 

— of shark, dogfish and skate (mer- 

maids’ juirses), 3066, 3071 


Arabian conquest, caliphs, 2353 ; 
army, 4200 ; art, 183, 2519-2523 ; 
art conijiared with (’lialdcan, 
2659 : art, influence on tJreek 
art, 2929; art, influence on J’er- 
sian art, 2659 ; building.s, rea- 
sons of permanence, 142 ; coins, 
weights and measures, modern, 
409 ; cotton production, 383, 
384 ; craiiiology, seaboard, 1786 ; 
economic progress, 5822 ; etli- 
nology, 1790 ; flax, ancient and 
modern, 716 ; gcograpliy of, 
:>450 ; history and religion, 419, 
1514, 6447, 6692; irrigation, 

3280, 3450, 5483, 5484 ; litera- 
ture, ancient roinaiiceK, 2962 ; 
Kaimleou’s expedition, 5238 ; 
petroleum deposits, 6009 ; ship- 
ping, 5255; sugar cultivutioii, 
3653 ; tanneries, ancient, 2851 
Ehrliardt tube lunking process, 5323 
Ehrlich, side-chain theory of bio- 
chemical action, 4135 
Eiderdow’ii, production, use, 6609 
Ihdograph, in plan drawing, 371 ; in 
surveying, 158 

Eifel, mountains, situation, 1974; 

volcanic formation, 1207 
Ejector, of brake, function, 3127 
— sewage, Shoiic’s, 4402, 4463 
Eljcolite, rock, 1008 
Klasmobranchii, fishes, 3005, 3007 
Elastic cartilage, de.scriptioii, 435 
Elastic limit, defined., 3107 
Elasticity, definition, 1375 ; law of, in 
relation to oscillation, 3747 ; limits 
of, 1258 ; ill machinery, 209 ; 
in mechanics, 86 ; moduhis of, 
1258 ; of metals, 1398, 3838 ; of 
plants, *170 ; of various materials, 
209, 1256, 1375 


Elnters, of horse-tails, 1119, 1310 
Elbe, river, basin, estuary, 1975, 1976 
disadvantage of shallowness, 4517 
Elbow', human, 1710; muscles, 1712 

— siiriiigs, vehicle, 2725, 3328 

Elder, in botany, insect pollination, 731 
— tree, strength of timber, 1260 
Elections, returning officer’s fee, 1920 
Elector Palatine, riglits, 2^47 
Electors, the Imperial, lii.story of, 2947 
Electric accumulator : see Accumu- 
lator, electric 

— batteries : see Batteries, electric 

— bell, book on, 4298 ; first use, 128 

see also under Bell 

— chronograph, astronomical use, 6247 

— conductivity of metals, 1397 

— current : see Current, electric 

— dealers and fitters, business of, 2438 

— firing, in war, 6274 

— fiirnnces : see Eurnaces, electric 

— beating, 3030, 3031 

— impulses in wsivl-, 1359, 1302 

— instruments, books on, 4298 

— light, incandescent, cost, 6153; 

domestic use, 5194, 6026 ; fitting 
to ship, 5924 ; fittings, 6026 ; in 
s1k)P wiifdow’s, 398 

— locomotive, contrasted with steam, 

2085 

— measurement, units and standards, 

292, 789 

— power, calculation, cost, 291, 1951 ; 

man’s use, 4516 ; measurement, 
292. 789 ; supply by refuse 

destructor, 5025 ; w’ater power, 
turbines, 1694 

— power transinissiou, 291, 5355; 

aluminium wire in, 5171 ; books 
on, 4298 

— pressure : see Electromotive force 

— railways : see Ilailway, eleetric 

— sparks, oscillating, production, 3748 

— stresses, 4023 

— supply systems, 2245 ; meters, 2812 

— telegraph : see Telegraphy 

— trahis : see Tramways, electric 
Electrical apparatus, cost, 4993 


«VlKflS 

2«56 

Electrician, work of, 2218 ; in Navy, 
4265 

Electricity, 128; animal, instances, 
4449, 4450 ; arc and meehanism 
of arc lami)s, 2414 ; atomic 
nature, 4022 ; books on, 4298 ; 
ehemieul properties, 288 ; chemis- 
try, relation to, 238; coiiduclioii 
and insulation, 464 ; and dyna- 
mics, 314 ; eupi-gy of, con.servation, 
measurement, and transformation, 
289 ; in file eye by action of 
light, 3226 ; Faraday’s researches, 
949-951 ; generating, older methods 
of, 949 : see also Dynamo ; as 
illumiiiaut : see Electric lighting ; 
lines of electric force, 4023 ; 
magnetism, relation to, 562 ; and 
matter, 313, 4105; measurement 
and properties, 5752 ; mineral 
deposit, liiiding by, 2582; modern 
problems, 521 ; nature of, 288 ; 
negative, charge of electrons, 
2028 ; see also Electrons ; nerves, 
action on, 1943 ; one-fluid theory, 
4022 ; osci Hat ions and electric 
waves, 3747, 3894, 3895 ; positive 
and negative, 288, 2551 ; static, 
3579, 3.581 ; supply meters, 2812- 
2810 ; supply, systems of, 2245 ; 
theories of, 288, 4021 ; therapeutic 
value, 6204 ; tooling machinery, 
3324 ; in transport compared with 
si cam, 2274 ; t wo-fluid hypothesis, 
4022 ; units of, 290 ; vitreous and 
resinous charges, 4022 ; voltage, 
291 ; voltage, alternating, 1857 ; 
for water transit, 2278 : see also 
under Electric, Electro, etc* 

Electrt- brassing, 6578 
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Electro-chemical equivalents, 3202 

— reactions, instance, 5753 
Electro-chemistry, 5752 ; books, 4298, 

0680 

Electrode, of electric cell, dcllned, 466 
Electro-deposition, in alloy nuikiiitf, 
3939 ; ill art metal-work, 5526 ; 
definition, 3421 ; xinc, 0170 
Electro-gal vanisinft, processes, 6170 
Electrolysis, 35^10, 5752 ; in chemistry, 
5, 240, 5752 ; preparing elements 
by, 840 ; of fused salts, 5753 ; 
industrial processes, 3262 ; ions, 
direction of, 4022 ; metals, ex- 
traction and rctining, 3836, 4127, 
5752, 6165, 6108 ; of solutions, 5753 
Electrolyte, 32HO, 3261 ; solutions, 4698 
Electrolytic dissociation, theory, 4407- 
4408 ; Faraday’s law, 3261 

— reactions, 5752, 5759 
Electromagnet, forms and action, 561 
Electromagnetic rotation, 949 
Electromagnetic waves, 4021 
Electromagnetism, 559 ; Clerk-Max- 

wcll’s theor>’, 3851 ; Faraday's 
researches, 949 ; Sturgeon’s, 129 
Electro-metallurgy, processes, 5752 
Electromotive force, 291 
Electron, 288, 313, 2294, 2317, 4103, 
4022 ; arrangement within the 
atom, 2295 ; cause of comet's tail, 
2027 ; expulsion from atoms, 
2554 ; ill gaseous discharges, 
4103, 4104 ; given out by sun, 
2027 ; identity with negative 
gaseous ion, 313, 4700: mass and 
inertia, problems of, 2305, 2551 ; 
movement of, 2392 ; propi'i tics of, 
2551; negative ion, 4700 ; niimbei’ 
in mercury and radium atoms, 
2295 ; relation to atomic Mcigiit, 
3619 ; relative size, 2029 ; speed, 
2028, 2551 ; Thomson’s theory of 
matter, 2294-2298 ; unit of atom, 
1915 : and valency, 2296 
filBctroplatiiig, 65! S ; bath, 3421 ; 
books on, 4298, 6578; with 

C0pi»cr, 5752, 5754 ; process of, 
361,3421 ; Wi.olrich’s discovery, 129 
Electroscope, in hallooning, 3982 ; gold 
leaf, 4022 ; radium determination 
by, 2028 ; radium “ clock,” 4105 
Klcctrothermic reactions, 5753, 5989 
Electrotypers, cmjiloyment, 2655 
Electrotyping, 3422 ; Ixxjks on, 6076 ; . 
energj' required, 3262 ; equipment, 
5559, 5500 ; study by printer, 5558 
Electrozone, use, 409.5, 4547 
Eleiriao verse, rules, 1767, 1708 
Elementary schojls, 1677 ; teacher’s 
training and salaries, 164, 6471 
Elements, in apiilicd mechanics. 88 

— in chemistry, 516; atomic weights, 

517 ; corpuscular groupings, 
2298 ; dissociated in stars, 
4136; in earth's crust, 239; 
electrical char.icters and corpuscu- 
lar theory, 2297 ; electro-chemical 
equivalents, 3262 ; essential to 
life, 2710; etymology, 517; free, 
239, 839 ; in human body, 438 ; 
inter-relation, proof of, 3618 ; list 
of, 516, 517 ; Mendeleeff's dis- 
coveries, 400-402 ; nascent state, 
093; nature and analysis, 4130; 
natural synthesis, 4131 ; new 
discoveries, 237 ; periodic law of, 

400 ; preparation, 840 ; proved to 
be compounds, 2082 ; rare ele- 
ments, 239 ; relations of, 238, 328, 

401 ; in the stars. 839, 4136 ; 

symbols and atomic weights, 
517; transmutation, 1448; varia- 
tion in magnetic proiM?rties, 4244 ; 
Zeeman effect, 3618 ; see also 
Atom 

Elephant, plate faring 1491, 1762; 
frontal bone of, 1604 ; ivory of, 
811 ; ]»ower, 5011 ; rate of 
increase, 824 ; skeleton, plate 
faring 2065; skin, 2156; tusks, 
selling, 811, 2155; weight of 

brain, 2144 

Elevation, in architecture, 2131 

— in drawing of house, 5542, 6546, 

5548; obtaining, 1747, 1749 

r»940 


Elevation, in geometry, 695, 690 
Elevator, in cement mannfactiire, 1853 

— grain, gearing chain, 4000 

— hydraulic, in mining, 2960 

Eliot, George, novelist, 3441, 3442 3783 
Elision, in prosody, defined, 1767 
Elixir of life, in early science, 59 
Elizabeth, Queen, K. S. Beesly’s book, 
2786 ; character, reign, 3997 ; help 
to Netherlands, 4398 ; imprisoned 
in Tower, 3834 

Elizabethan Age, drama, 67 B ; drama 
after Shakespeare, 845 ; literature, 
845, 848, 849. 2310; morality, 
general spirit, 8t;8 ; poetry, 536 
Elliott, Ebenezer, poet, 1308 
Ellipse, in conic sections, 5783 

— geometrical, describing, 1411, 1413 

— in technical drawing, 5347, 5349, 

5350 ; development from cone, 
4933 ; elliptical section, 4933, 
4935 ; uniting cylinder and cone, 
5040, 5042 

Elliptic spring, vehicle, 2725, 3328 ; 

under-carriage. 3124. 3125 
Ellis, H. Havelock, 2785 ; on the 
“ Woman Question.” 4976 
Elm, 6317,6884; classifleation, 355 ; 
bark, 6068 ; friction data, 959 ; 
seed-dispersal, 911, 912; timber, 
56, 1260, 1261 ; in vehicle con- 
struction, 2827 

Elocution, in acting, 6864 ; singing, 
6340 

JChcopfene, in essential oils, 4968 
Elswick Works, Newcastle, 1272, 2886 
Ely C^athedral, 1273, 3374 ; instance of 
incongruous design, 5819 
Embalming, process, and fees, 5787 
Embankment, earth, 1449, 1451 ; drain- 
agt;, 570 ; effect on erosive action of 
sea, 1814; water pressure, 1076 

— in railway construction, 3175, 3176, 

3252-3259 ; ballast, 3430 ; survey- 
ing, 801 : tipping, 3176, 3177 
** Embarkation of the Queen of Sheba,’* 
picture, by Lorrain, 4300, 4302 
Embdcii goose, 5704, 5705 
Embolism, cause and effects, 6030 
Embouchure, music term, 5135, 5437 ; 

of bas.s<x>n, 4897 : of horn, 5445 
Embroidery, finish of camisoles, 3589 ; 
cottons used for, 3093 ; JapaiU'se, 
3161 ; for underwear, 3094 
Embryo sac, plant, 347, 348 
Embryology, cellular, 199, 2i)0 ; con- 
tinuity and priority of gcrm-cells, 
1314 ; definition and scope, 95, 
102, 137, 279; importance in 
psychology, 2116; relation to 
various parts of biology, 137 
Emerald, precious stone, 5855, 6736 ; 
imitation, 5852 ; properties, 585.‘{ 

— Oriental, green sapphire, 5855, 6736 

— green, pigment, 1043 

— type, 502S 

Emerson, Ralph Waldo, essayist, 3780 ; 

on reading, 2937, 29,38 
Emerj', mineral, properties and uses. 
768, 813, 5989, 6573, 6736 ; use for 
lens grinding, 6124 

— cusliion, use, 3093 

— jiapcr and pow'der, 813 

— wheels, 2019, 2021 ; in grinding 

milling cutG’rs, 3408, 4200 
Emeu, description, 2213, 2214 
Emigrants, Inforniation and openings 
for, 3741, 3742, 6212 
Emigration, of Irish, 1365; national 
and economic aspects, 3 ; purchase 
of N.Z. lands, 3467 ; Australian 
grants, 3235 

Emmetropia, in physics, definition, 3178 
Emotion, UMthctic value, 180, 723 ; in 
Greek sculpture, 2929 
Emotions, as mainspring of action, 
2805 ; psychological account, 2694 
Empedocles, originator of idea of 
natural selection, 2030 ; applied 
to atoms, 2295 ; materialism, 6259 
Emperor moth, cocoon, 3515 
Emphasis, errors and value In reading 
aloud, 1473 ; in business letters, 
6352 ; in singing, 6337 

— mark, in music, 271 
Empire coat, 2328, 2329 


Ble— EnN 

Employee, commissions, 5927 ; legal 
notice, 5928 ; insurance against 
dishonesty, 5929 

Employer, legal definition, liabilities, 
5928 ; restrictive agreements, 5928 ; 
treatment, 6928 

limployer’s liability insurance, 4852, 
5928 

Employment agent, 6519 
Employment of Children Act, 46 
Enis, river, basin, course, 1975 
Kmu : see Emeu 
Emulsion, definition, 676, 1033 
En (French pronoun), syntax, 1773, 
6089 

Enamel, metallic paint, 1036 

— of human teeth, 676, 578 
Enamelled slate, 530 

Enamelling, processes, 5689, 5690, 6574 ; 
engraving, 5529; Romanesque, 3234 

— leather manufacture, 3455 

— slates, 530 

Enamels, 5521, 6575 ; in art metal-work, 
composition, manufacture, 5689 ; 
application to pottery, 5384 
Encaustic tiles, for building, 646 
Encephalitis, symptoms, 6261 
” Encyclopnedia Rritannica,” first edi- 
tion, 2142 ; Macaulay as contri- 
butor, 2615 

Enders, in cloth manufacture, 4344 
Endochrome of colion, 821 
Endoderm, of cmlcnterata, 4083 
Kndogens, term in botany, 51 
Kndothclium, function, 6354 
Kndoparasites, of fish, 5315 
Endorsement, of bills of exchange, 1318 
Kiulospcrin, plant, 350 ; of wheat, 915 
Endpapers, in iKiokbindIng. 0776, 6778 
Ends, of boilers, 3097, 3100, 

Ends, in millinery, velvet, 5331, 5332 

— in textile industry, defiiiition, 2930 

— timber, definition, 3544 
End-tip waggon, 3252 
Endowment assurance, 3224 
“Endymion” (Keats'), 1307; Croker'f 

attack, 1304 

Energetics, science of, 2062 
Energism, materialism, 0258 
Energy, in animals and plants, sun as 
source, 4132 ; bo<iily heat units, 
439; ronser\'ation of. 1915, 2062, 
4883 ; conservation of, connection 
with conservatism of matter, 2391 ; 
dissipation, 2062 ; lioetrinc of 
availability, 2062 ; fimetions of 
flywheels, 2018; indesf nietibility, 
2062 ; intcraforni(‘, 2393 ; meusiirt*- 
iiient, 289; niotabolisni, moleenlnr, 
438; of motion: see Kinetic 
energy; nature of, 1376, 4021; 
philosophical discussion, 6465 ; 
physical discussion, 314 ; prlncij)!*' 
of, explanation, 34 ; mind in 
Tisychological theory, 2115; sources 
of, 2553 ; see also Dynamics and 
Electric jaiwer 

Enfleurage, in perfumery, definition, 
4350, 4969 

Engine, atmospheric, 5415 

— caloric, defined, 5413 

— fire, 5415 

— gas, books, 6595; testing, 3967 

— oscillating, use in steamers, 6071 

— petrol, types, 3907, 6153 

— rail motor-car, bogle, 4801, 4811 

— of railway locomotive, cleaning, 

4594, 4596 ; coaling, 4595, 4.597 ; 
firing, 4597 ; G.W.R., 6514, 6515 ; 
modern types, pMe faring 4227 ; 
oil fuel, 5106; “pit” examina- 
tion, 4599 ; shunting arrangements, 
3254, 3256 

— steam, 6909-5914 ; automatic ex- 

pansion, gear, 5654 ; books on, 
5595 ; continuous working, 5417 ; 
eroKshead casting, 2338, 2341 ; 
cylinder casting, 2330, 2341 ; 

cylinders : see Cylinders, engine ; 
designing for, 4201 ; drawings of 
details, 4423 ; early forms, 6010, 
5416 ; efficiency dependent on 
lieat, 6414 ; erecting, 3691, 3693 ; 
heat, the power agent, 6413; 
horizontal, 0069, 6070 ; horizontal, 
coupled, 6071 ; horse power of. 
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5418 ; inclined, ft071 ; internal 
combustion, 6415, 0785 ; link 

motions of valves, 0130, 0140 \ 
marine, 5401, 0292, 0293, 0294, 
0295 ; oldest in existence, 5417 ; 
self-lubricating, 5749, 5750 ; of 
ships, fitting, 5924 ; side lever, 
5748; testing, 5905, 3966; three 
cylinder, 0071 ; triple expansion 
type, on liners, 5418 ; types, 
5748, 5751, 5909 ; vertical, 5748, 
5750 ; work i)roportional to pres- 
sure and temperature, 5414 : see 
also parta of enyines — e.g., Cylind(;r, 
Valves, etc. 

Engine-driver, roilwoy, 4595 
Engineer, apprenticeship,articled pupils, 
British, (ierman and American 
contrasted, 5594 ; education, 1827 ; 
emidoyment conditions, 2646 ; 
function, 156 ; training, 2108, 5592 

— civil, railway staff, 4591 

— domestic, business and plant, 2218 

— electrical : see Klcctrical engineer 

— marine, training, 6365, 6366, 6807 

— nuinicipal, openings in the (iolonies, 

3741, 3743; salaries, 452 
Navy, pay, 4402 

— of railway company, 4227, 4230 

— ftoyal Naval Eeserve, 6366 

— superintendent, of shipping eoin- 

l)any, duties. 6361 

— War Olhee and Admiralty, 3196 
Engineering, Cambridge course, 483 ; 

crystallograi)liy, bearing on, 4560 ; 
societies and diplomas, 453 ; train- 
ing, 162; see also under separate 
headings 

— mechanical : see Metdianical 

— municipal officials, 452, 573 

— Naval officers’ training, 4401 

— shops, list, 2108 ; arrangement, 5589 

— see alsti Civil Kngiiieering and 

Mechanics, applied 
Engineer’s i)later, patterns, 4522 
Engineers, Royal, service, 3842: (hi vers, 
mechanics, and sappers service, 3840 
Engimsers’ tool -makers, employment 
conditions, 2646 

Engineinun, railway locomotive, 
duties, 4598, 4599 ; wages, 4601 
Engine-room artificers, in Navy, 4265 
England, architecture, 3374, 5575 ; 

architecture, Jlenaissaiu'e, 3946; 
climat(s temperature, rainfall, 984, 
985 ; coalfltdds, 1271, 5303 ; 

cotton industry, 223 ; craniometry, 
1780 ; engineering, condition 
of, 5594 : evaporation, 4026 ; 
(!xports and imports of port, 6005 ; 
flax, cultivation, 716 ; geography 
of : see England, geography of, 
heloa ; geological connexion with 
Europe, 1354 ; geology of, 528 ; 
history of * see England, history 
of, below ; horse breeding, 987 ; 
leather trade, history, 2851 : see. 
farther l^eather ; linen industry 
and manufacture, 1025 ; meat 
consumption, 3381 ; mortality 
statistics, 2662 ; nationalities, in 
middle centuries, 2354 ; naviga- 
tion in Middle Ages, 5256 ; Navy ; 
see Navy, British ; place-names, 
various influences, 1768; police 
forces, 1406 ; rainfall, mean annual, 
4024 ; road construction, 2179 ; 
roads, history and regulations, 
1977 ; sea fishery regulations, 
5318 ; ships of nineteenth c(?ntiiry, 
5256 ; silk industry, 581 ; skull 
measurement, 1780 ; trade, early 
history, 146 ; universities, 1782, 
1784 ; wool industry, 69; see 
also (treat Britain 
-- geography of. East Anglian coun- 
ties, 1274 ; Lake district, 127/ ; 
liincolnshire, 1273; Midlands, 
1273 ; Northern counties, 1272 ; 
rennincs, 1271 ; communications 
with Europe, 981 ; Severn Basin, 
1276; South-Eastern counties, 
1275; Southern counties, 1274 ; the 
Thames, basin and estuary, 1274, 
1275 ; West country, 1276 ; Vork- 
shire, 1272 


England, history, to eml of Heptarchy, 
2241 ; Alfred the (treat to William 

1., 2354 ; Norman kings, 2674 ; 
riantagenet kings, 2913; Henry 
Jll., 3973, Edward 1., II., and 

111., 3073; 1377-1413, 3249; 

Henry V. to Jack (fade’s rebellion, 
3463; Henry VllL, 3649, 3832; 
Mary, 3832; Elizabeth, 3997; 
James 1. and Charles 1., 4551 ; 
Cummun wealth, 4761 ; Charles 

11., 4762; Janies II., 4841 ; 
William III. and Mary, 4841 ; 
Anne, 4950; (tciorgc I.-George 

111., 5554, 5685 ; American 

llevolution, 5555 ; William IV., 
5685 ; Irish Bebellion, 5973 ; 
Indian Mutiny, 6550 ; Victoria, 
6690 ; Irish famine, 6691 ; Crimean 
War, 6692 ; Boxer rising, 6693 ; 
'J'ransvaal Wars, 6693 ; Home 
Rule Bill, 6694 ; Edward VII., 
6694 ; reference books, 2737 ; see 
also Britain 

— language : see English language 

— Wars of theRose.s, 3603 

— and Wales, chunentary echication 

statistics, 1077 ; local government 
bodies, 317 ; poor law return.*, 
1851 ; triaiigulation survey, 1145 
Knglelieart, miniature w'ork, 1001, 1005 
English, the, brain weight, 2144 

— asl>, in vehicle construction. 2827 

— bond, in brickwork, J451, 1452 

— Cliunnel, ferry scheme, 892; geo- 

logical formation, 1354 ; water, 
sources of, 5188 

English language, 121 ; externul influ- 
ences, 1768; relation to (terman, 
248 ; (trimm’s law, 1771 ; history, 
1 768 ; Latin and (treek root words, 
6810 ; letter-writing, 1472 ; periods 
1770; pumduation. 1338, 1471; 
reading aloud, 1474 ; suitability 
for .singing, 6338, 6340 ; style in 
writing, 1472 ; tourist, vocabulary, 
1956 ; travellers’ phrases, 956 

— literature : see Literature, Poetry, 

Dram.H, Hhakespearc, ete. 

English Men of l.ettcrs,” series R. W., 
2612, 2618 ; value of, 1438 
Engraved rollers, wallpaper printing, 
6725 

Engravers, employment conditions, 
2655 

Engraving, in art metal-work, 5528 ; 
etching and line engraving, 01 n~ 
0/15, 6114 ; mezzotint and wood, 
0289-0291 ; photo., 0485 -0480 
Engravings, trade in, 892, 4609 
Enlargtmient, geometrical, 1411 

— phot(»., 6683 

— of plans, in surveying, 369, 370 
Enlisting in army, facilities for, 3841 
Enrichments, architects’ drawings, 

5698 ; in brick, 1949, 19.50 
Enseinhle playing, practice of. 2024 
Ensiforni process, anatomy, JOOO 
Ensilage, in agriculture, 1970, 1971 
Entasis, in art, 2287 ; in nusonry, 3040 
Entebbe, situation, 34.52 
Enteric, bacillus, 0540, 6542 ; 

symptoms, 5843, 6260 ; immunity 
from, 6544 ; communication by 
slielUlsb. 531.5 
Entering-desk, 660 

— tool, carvers’. 5809, .5810 
Enteritis, in horses, treatment, 2620 
Enlertaininents, luiblic, organisation, 

6809 

Entomology, camivoroiig plants, 507, 
.508 ; economic, 1666, 1007, 1668 ; 
see also Insetds 

Entry, business, final and original, 777 

— single and double : see Bookkeeping 
Entropy, term in physics, 2063 
Enunciation, in geometry, 4208 
Envelope, addressing, typewTiting, 1697 

— manufaetnre, 0557 

— in technical drawing, 4934, 4955 

— in sheet-metal w'ork, solid bodies, 

making and drawing, 4521, 4525 
Envers, French preposition, 6090 
Environment, change of, effect on 
animals, 1491 ; effect on germ- 
cell, 651 ; factor in modifying 


cltaracter, 4370; as factor in 
racial evolution, 1706 ; importance 
in education, 2861 ; in relation 
to heriality and tendency. 1687 ; 
j»r('disi)osing cause of ill-liealtli, 
5702 ; import anee iu meutal evolu- 
tion, 3383 ; psychology, 2995 ; 
in Reid's tlieory of heredity, 1181 
Envoy, British diplomatic, 2935 
Enzyme, in dairy farming, 4036 : see 
also Butter and Cheese ferments ; 
act ion in starel), 3085 ; not syn- 
thesised, 2712; see also Ferment 
Eocene system, in geology, 2067 ; dis- 
tribution of rocks, 2254 
Eohippus, fossil horse, 1177, 1178 
Ephesus, school of art, 2930 
Epigeue action, in geology, 1206 
Epigynoiis plants, 547, 350 
Epic poetry, Milton, 991 
Epicyclic trains, 12. 832 
Epicycloid, deflnilion, drawing, 1414 
Epidermal cell, Instology, 1419, 1420 
Eiddermi.s, of animal liides, 2852 

— of human being, structure and 

function, 1419-1425 

— of plants, 169, 171 

Epiglottis, hiiniaji, 2114 ; function, 
1299 ; function in singing, 0048 ; 
structure, 2537, 2558, 2559 
Epiueiiriuni, iu auatomy, 1942 
Kpiplicnoin'Miou, in Huxley’s psyclio- 
logy, 2116 

Epiphytes, defliied, 506 ; in Congo 
torests, 628 

“ Kpipsychidion,” Shelley’s, 1308 
Epirus, under l^yrrlius, 1203, 1201 
Ki)isten)ology. defliicd, 2116, 6255 
Kpltiiclial cell, kinds of, 200 

— tissue, of human body, 196 
Epitbehnm, ciliated, function, 1300 ; 

function in liiimun ear, 2533 ; in 
j)liarynx, 577 

Epsom sjilts. 6730 ; antidote to carboiit; 
acid iK)isoning, 3710 ; at Epsom, 
1721 : /»rc mAso Magucsiuin sulphate 
E(iual altitudes, in surveying, 1709 
E(iuul temperament, in pianos, 2319 
Equality, in design, 5980 
Equation, cliemieal, 604 
Equations, in algebra, quadratic, 3199, 
3200 ; quadratic, simultaneous, 
3201 ; simple', 2381 ; involving 
surds, 3523 

Eepiator. explanation, 11, 6665 

celestial, in astronomy, 0243, 6244 
E(|uatoriat lines, of balloon, 3084 
Eqiiilatend triangle, to construct, 494 ; 

defliiitiou, 285, 287, 4330 
Eqiiilibraut forc^, 411, 1833 
JhHiilibralioJi, in evolution of space i«le:i, 
2110 ; function and organ of, 2118 
Equilibrium, forces in, 41 J, 553, 661, 
1833 

— iu pliysics, 553 ; gravity and, 700 
Equinox, exjdanation, 15, 203, 6250, 

0405. 0005 ; instant of, 203 ; pre- 
cession, 0248, 62.50 

Equivalent, term in cliemistry, defini- 
tion, 1914 ; law of, chemical, 695 
Erdmann’s float, use of, 63 
Ereelitheion, Atliens, 1525 ; order, 
2858, 2850 

Erecting, in workshop practice, 3087, 
3691 ; .shops, in engineering, 2109 
Ergot of rye, 1372. 1575 : character- 
isties, prevention, 1007, 1669 
Eric XIII., King of Denmark, Sweden, 
and Norway, 5396 

Erie XIV., King of Swed(*n, rule, 5396 
Eri(;a, Ericaceie, Ericales, 354 
Eritrea, geography, 3452 
Erlenmeyer’s furnace, in chemistry, 240 
Ermine, fur, source of, 2157, 6426, 6430 
Erratic blocks, on Bondhouse glacier, 
cause, 1055, 1638 

Erodin, in leather manufaetnre, 3011 
Erosion, deflnilion, 457 ; of foreshores, 
5577-5580 ; damage by, to rail- 
way earthworks, prevention, 3257 ; 
geological process, 1813, 1814, 

1815; by rain, 1505; of rocks, 
glacial, 1638 

Error, contrasted with fallacy, 0099 ; 

not identical with sin, 5530 
Erse : see Irish language 
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Eniptions, volcanic : see Volcano 
Erysipelas, cause, 5412; treatment, 6260 
Erytlirosine, dye, source, 5468 
Erz Gebirgc, 1976, 1975 
Erzberg, terraced iniues, 2849, 2850 
Escape wheel, of clock, repairing, 5882 ; 
verge wat-ch, 6082 

Escapement, of American clock, 6712, 
6713 ; of eight-day clock, 6716 ; 
of pendulum clock, 6714, 5715 ; 
verge watch, 6081 

Escarpment, in mining, definition, 2582 
Eskimo race, distribution, 627 ; ethno- 
logy, 1789 ; hunting, 4065, 4066 ; 
occupations, 10 ; skull measure- 
ment, 1785, 1787 ; stature, 1788 
Espalier Ir.iit trees, 6675, 6677 
Esparto grass, 6884; countries produc- 
ing, uses, 5117 ; size of fibres, 6279, 
€2 SO : use for paper manufacture, 
1168, 6280; testing rope, 1699 
Espatra, use in millinery, 4768, 4769 
Esi>er!»nto, abbreviations, 6660 ; accu- 
sative, 5373 ; allixes, 4656 ; al])ha- 
bet, 4511; article, 4511; elision, 
5949 ; interrogation, 5087 ; sub- 
ordinate clauses, 6525 ; suffixes, 
58t>5, 6093, 6237, 6380, 6524, 6666 
Ess bomiuet, recipe, 4972 
Essay, compared with the modern 
“ article,” 2685 ; English essayists, 
1641 ; English eighteenth ceiittuy 
essayists, 2054 ; nineteenth century, 
2308-2310; Macaulay, 2615 
“ Essays,” Herbert Spencer's, 5817 
Essential oils, 3486, 1968; analysis, 
adulteration, 4971, 4972 ; books 
on, 4972, 6689; chemistry of, lo:; 3 , 
34S6, 3487, 4968 ; extraction pro- 
cesses, 4968 ; sources, mvtural 
orders and uses, table, 4970 
Essex, in Heptarcliy, 2242; peasants’ 
revolt, 1381, 3249 

Establishment expenses, in book- 
keeping, explanation, 3419 
Estate agency, work of, 5284 
Estate and land agent, business of, 
5284, 5287 ; training, 6284 

— railway, 4227, 4231 

— duty department, clerkships, 276.5 
liters, 3140 ; of essential oils, 4968 
K>limate8, builder's, from drawings, 

6343 ; from quantities, 6842 
Estuaries, definition, 458 ; propagation 
of tidal wave, 5334 ; ndaining walls 
and banks, 5335 

Etching, brass work, 6529; defined, 
6102 ; metals, 3937, 3938 ; materials 
and processes, 6111; needle, use, 
6111; printing, 6112 
Etchings, frames for, 4610 
Ktcruai, the, existence of, r>5,38 
Ether, anaesthetic, use, 3139 ; effect 
on nerves, 1943 ; rapid evapora- 
tion, 1741, 1742 

— gas, manufacture, 6824 

Ether, the, 549 ; and gravitation and 
light, 935 ; medium for wave trans- 
ferenoe, 3943 ; possible source of 
power supply, 6011; properties, 
4021 ; relation to the elements, 
402 ; relation to matter, 935 ; 
theories of, 935 ; vibrations, 2390, 
2432 

Etherification, definition, 3139 
Ethers, 3138; presence in wine, 2879 
Ethics, of Huddhism, 417 : evolution 
of, 4124 ; and evolulinn tlieory, 
1589 ; free will and fatalism, 2995, 
2996 ; Hudson’s theory of moral 
fre<;dom, 3289 ; importance of 
emotions, 2805; Myers’ theory of 
ultimate perfection, 3384 ; pewsi- 
bility of dogmatism, 2404 ; practi- 
cal value of nrinciples and ideals, 
2673 ; psychology of pleasure 
theories, 2518 ; relation to socio- 
logy, 4275, 4277, 4278; training 
of the will, 2860 

Ethiopians, invasion of Egypt by, 421 
Ethmoid, in man, structure, 1604 
Ethmoidal ceils, 2537 
]:thnol(»gy, l)(K)kH on, 5817 ; race 
distribution, 629 ; races of the 
world, 629 : scope and classifica- 
tion of races, 1785, 1788 
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Etl\yl acetate, properties and use, 3140 
Ethyl alcohol, production and cost of, 
2877 ; also Alcohol 

— ammonium iodide, formula, 3141 

— butyrate, essence of pineapple, 5464 

— chloride, action of, 3142 : see 

Chlorcthane 

— hydrosidphide, formula, 3140 

— nitrate, formation, 3140 

— nitrit«, properties, 3140 

— pelargonate, quince oil, 5469 

— sulphide, formula, 3141 

— sulphuric acid, formulu, 3139 
Ethylamine, forinatioii, formula, 3141 
Ethylene, preparation, properties, 3706 
Etna, Mount, volcanic action, 1206 
Eton coat, (juanlity of material for, 186 
Etre (French verb), as auxiliary, 5948 ; 

followed by infinitive, 6089 
Etruria, art, 2931 

Etruscans, characteristics, 1135, 1136 ; 

wars with Koine, 1138 
Etymology, definition and scope, 115 
Eucalyptus, 3698 ; elassifleatioii, 353 ; 
sources, 3701. 3899, 46;)8. 5661 

— oil, source, 4658 
Euclid : see Geometry 
Enclitic, grammar, defined, 1616 
Eugeuica, scope and principles, 3120 
Etiglena, description, 4088 
Euonymin, bark, source and use, 6068 
Euonymus : see Spindle-tree 
Euplionium, musical instrument, de- 
scription, 6130, 5139, 5732, 5733 

Euphorbiacea}, rubber from, 808, 5046 , 
5047 

Enphrntes, river, 16, 421, 2719 
Euripides, poet, 774 
Eurasia, geography, 460, 850, 851 
Europe, agriculture, 855 ; animals, 
850 ; classification of languages, 
1771; Continental shelf, 302; 
cotton trade, 225, 383 : countries 
with undeveloped commerce, 5707, 
5708; ethnological survey, 1790; 
forest trees, 626 ; general map, 
852; history, medijcval, 2241, 
4396-4399 ; history, reference 
books, 2618, 2787 ; influence of 
Byzantine art, 3090-3092 ; in- 
ti uence on the world (Europeanisa- 
tion), C30 ; modern State system, 
formation, 4101 ; national elmrae- 
ters contrasted, 391 ; petroleum 
deposits, 530.5 ; physical features, 
compared with Asia, 851, 852 ; 
physical geography, 853, 855 ; 

physical map, 856 ; size, 460, 850 ; 
skull measurement, 1785, 17S6 ; 
trade of Mediterranean countries, 
5822 ; trade of central countries, 
6824 

EnrypU^rid, description, 3806, 3808 
Eustachian tube, position of, 577, 579 ; 

structure and function, 2316, 2533 
Evaporation, definition, 294. 4026 ; 
in chemistry, proce.s8, 4516 ; in 
desert plants, 727 ; Influence of 
temperature and pressure on latent 
heat of, 1741, 1742; from luiiiian 
body, 440 

Evaporators, in sugar manufacture, 
3S2S, 3S29, 3830 

Even and odd, in mathematii's. 338 
Evening dress, making, 068, 070 
Evening primrose, classification, 353 
— schools, E.C.C. staff, 1679, 1680 
Everest, Mount, description, 302, 2562 
Evergreen oak, 1166 
JOvergreens, 55 ; for front gardens, 6206 
Ev«riasfing flower, plate far in a 728 
Evesham, battle of, 3073 
Evil, In Persian faith, 502 
Evobition, of animal life, 1491 ; atomic, 
1016; atomic, not discontinuous, 
2554 ; Darwinian theory com- 
pared witii I.amarek’s objections, 
823 ; Darwin’s “ Origin of Species,'^ 
136 ; definition of term, and history 
of its use and misuse, 486 ; dis- 
ease, intercrossing and isolation, 
geological evidence. 1020 ; emo- 
tion and instinct, theories, 8694 ; 
future of the race, 3118 ; general 
account, varions theories and 
common errors, 650 ; general 


definition in relation to biology as a 
whole, 270 ; Huxley, on relation to 
Darwinism, 650 ; importance of 
disease, 1687 ; importance in psy- 
chology, 2013, 3118 ; importance 
of specialisation of function, 278 ; 
of mental characters, of intelli- 
genoe, 1589, 1705 ; organic, theories 
of Welssmann, Beard, Eeld, and 
De Vries, 1180; organic, two 
conditions of, 6388 ; problem 
of variation and specialisatloii, 
484 ; psychological explanation of 
human ** fitness to survive,” 
3383 ; of reflex action, Wundt's 
theory, 2118 ; of sex, laramoecium 
and lydra, 381 ; training, im- 
portance of, 1706 ; Wallace and 
Darwin, 202 ; universality de- 
monstrated by chemistry, 2664 
Evolution, in algebra, 3411 
Ewe. 2360 ; feeding, 2364, 2360 ; 

full and broken-mouthoa, 2361 ; 
hogget, 2360 

Ex nihilo, nihil fit, doctrine, 2063 
Exalbuminous seeds, of plants, 350 
Examination system, defects, 2136 
Excavation, in building, methods, 329, 
331, 6057 ; shoring with timber, 
317 

— in civil engineering, 1821-1824, 1826 

— in railway constriu tion, 3171 
Excliauge, in banking, 3972, 3973 
Exchange, bills of, 147, 1089; Act of 

1882, 1376; entry in journal, 
14()8; foreign, :U'8l ; funetinn 
in banking, 3971 ; discount ing, 
1320; endorsement, 131S; 
negotiability, 1317; j)roeedure in 
Scottish banks, 1466 ; rules, 1 129 ; 
” sliort ’’explained, 1570 

— in economics, conditions, 4516 

— foreign, rate, 3681 

Exchanges, telephone systems, 6683, 
5684, 6078 

Exchequer office, appointments, 3195 
Excise, assistant of, salary, 2767 
Excise department, boy clerk’s career 
in, 2252, 2575 ; staff, salary, 2767 
Excise duty, Intoxicating liquors, 3046 
Exclamation, note of, English, 1471 ; 

in business letters, 6352 
Excluded middle, in logic, 6100 
Excluder zinc, use in beehive, 6960 
Excrement, value in Increasing organic 
matter in the soil, 277 
Excretion, in amoeba, 278 

— in man, physiological chemistry, 439 
Excretory organs, kidneys, 1602, 160 : ; 

the skin, 1419 

Executive industry, defined, 1 
Excri’isc, aid to circulation of blood, 
1194; effect on physique, 4387; 
effect on temperature, 440 ; 
importance in a healthy life, 2672 ; 
and the muscles, 1712; variidics 
of, 4387 

Exhaust branch, of cylinder, 3317 

— opener, machine cotton, 1424, 1242 

— port, of engine, design, 4423, 4424 
Exmoor pony, description, 2074, 2075 
Exogens, terra in botany, definition. 51 
Expanded metal, use, 520, 1555 
Expanding, in boiler work, 3104, 3107 
Expanding clutch, 962 
Expansion, co-efft dents of, 1738, 6414 

— of steam, curve, 5416 
Expansion, engine gear, hand, 6074 

— pipe, domestic water healing, 6018 

— tube, waiter heating system, 6017, 
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Expectoration, evil of, 3798 
Experience, practical Import ance, 2405 ; 

relation to reason, 2803 
Experiment, scientific, oauscs of fallacy, 
3944 ; value in logic, 6002 
Expiration, in breathing, analysis 
of air in, 1302; management of, 
2538 ; mechanism of, 1300, 1303 ; 
by pores of skin, 1422 
Explosive will, theory of, 2774 
Explosives, in blasting, 2587 : coal 
mining, substitutes, 8564 ; in 
dcmolTfions, 6274 ; manufacture, 
6767, 6762 ; potassium chlorate 
in manufacture, 4778 
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Exp— Pen 

Explosives Act, inspectors under, 
788; provisions ut, llioO 
Exponent, in algebra, deilnition, 1818 
Exports, British (1905)< 3679, 6004, 6005 
Expression, algebraic, dimensions of, 
2149 ; homogeneous, 2149 

— musical, books on, 1889 

— in singing, 6337 

— stop, of harmoniiini, use, 3050 
Kxstipulate, in botany, 350 
Extemporisation, on organ, 3867 
Extension, of matter, defined, 1265 

— in violin playing, 2413 
Extensor, liuman muscles, 199, 1712 
Extract process, rag, 72, 2898 
Extractive industry, defined, 1 
Extraction, in chemistry, 4316 
Eyeball, anatomy , 24PP, 2401, 2402, 2403 
Eyebright, plant, 506 

Eyeglass, watchmaker’s, 6081 
Eyelet holes, in sewing, 152, 153 
Eyeletter, duplex, 4238, 4239 
Eyeletting, in bootinaking, 4437 
Eyelid, human, function of, 2400, 2401 ; 
reflex action, 2117 ; semi-trans- 
parency, 2953 

Eye-pieces, microscope, 6127 
Eyes, of crustaceans, 3806,^3808 

— fishes’, adaptation in fish, 3070 

— in forging, 2984, 2986, 2987 

— homologous and analogous, 1492 

— human, arteries of 2401 ; atten- 

tion, phenomena, 2258 ; care of 
children’s, 4863; defects, 5180; 
discjases, 6264 ; physiological 
anatomy, 2401, 2403 ; structure, 
parts, and action, 2952, 3178 ; 
visual cells, 3226 

— of potato, function, 346 

— primitive, of otter shell, 3285 

— of scorpion, 3803 

— of spider, 3803 

— in sculpture, modelling, 1511 

FABRICS, mixed, design, 0593, 6596 ; 
dyeing, 6501 ; printing, 6726, 0727 

— woven, design, 5079, 0392-0598 

— sec al«o Textiles 

Face, of crystals, definition, 766 

— human, anthropological measure- 

ments, 1785 ; bones. 1604, 1005 

— mould, in joinery, 5297, 5299 

Face plate, latiie cross-slide; testing, 
3903, 3966 ; wtK>d-turning, 6854 

— value of bill, 1130; discount, 1319 

— of wall, fair, building, 2262 
Facial expression, in singing, 6337 
Facing, in building, 332 ; bonding of 

brick walls, 2176, 2177 ; quantity 
surveying, 6508, 0509 

— in machine tenOing, 3319 

— in masonry, varititics of, 2S41, 2842 ; 

use of terra-cotta, 2779, 2783 
Faetice, rubber, detlued, 5309 
Factor, in algebra, 2747, 2890 ; resolu- 
tion, 2747 ; ill e<|uations, 3201 

— in arithmetic, 90, 337 

— in hardware trade, 3574 
Factory, engineer's ac(;ountaucy, 5592 ; 

building, 5590 ; light and ventila- 
tion, 5501 ; organisation, arrange- 
ment, and management, 5589, 
6518, 6639, 6643 ; power, 5590 

— lire protection, 4751 

— inspectors, Homo Office appoint- 

ments, 3300 

— labour, Shaftesbury’s reforms, 0691 
Faculty of Actuaries, examiuations,4729 
Faculty, psychology, defects of, 2696 
“ Faery Queen," Snenser’s, 537 
Faggoting, in needlework, 151 
Fagotted axl<‘, material, 3326 
Fahrenheit, (f. D., thermometer scale, 

1564 : nee Thermometer 
Faieriec, in building, 2783, 2784 
Fainting, treatment, 6473 
Fair-cutting, in building, 1951 
Fairy rings, cause, 1371 
Faith, in Zoroastrianism, 502 
— , in logic : nee Uationulism 
Faith healing, psychic remedies, 5099 
Faking, in journalism, 4235 
Falcon, 2213 ; pm-suit of prey, 2493 
Falkirk, battle of, 3075 
Falkland Islands, described, 4289 
*• Fall of Babylon," plata Jacing 217 


]<’all, in drainage, table, 738 
Fallai’y, in logic, eliinination, 6097 ; 

misuse of term, 6099, 6100 
Fallacy of many cpiestions, 6100 
Fallow laud, cultivation, 1230 
Fallowing, object of, 1250 
Falls, river, disadvantages, 4517 
False cores, in casting, 2338, 2340, 2342 

— hem, in sewing, 152 

— relation, in harmony, 364 
Falsetto voice, in singing, 6182 
Family, ideal type produced by mono- 
gamy, 4538 ; importance to the 
race, 4663 ; parental responsibility, 
4666; unit of society, 4J23; 
State’s attempt to imitate, 4538 ; 
sociological importance, 45;f8 

— in natural science, defined, 380 
Famine, cause in monsoon areas, 4494 
Fan, air, use in mines, 3310 

— blast, cement mill, 1854-1858 

— lace, for hat, making, 5020 

— machine, shaft bearings, 962 

— magnetic brake, inconvenience, 2813 

— pneumatic, 1807, 1808 

— ill scaffolding, use, 1172 

— ventilating, 6024 ; in mines, types, 

3769 ; in trains, etc., 3024 
Fancy fabrics, tlnishing processes, 4342 

— goods store : sfte Berlin wool sliop 

— roller, wool scribbler card, 1545, 1540 
Fau-(;oral (Coryonia), 4086, 4087 
I'audango. for guitar, 3702 
Fanuiug, in banjo music, 4312 

— formula for flooil discharge, 5114 
Fuu-.stitcb, 151 

"Far from the Madding Crowd,” type 
<*f good novel, 3557 
Farad, measure of, electric capacity, 
3580 

Faraday, Michael, career, scieutitic 
disciiveries, 3852 ; electrical re- 
searches, 129, 949 ; development of 
electro-cliemistry, 2752, 3261 ; llrst 
motor, 129, 1950; law of electric 
decoiiipositioii, 3261, 4563 ; law of 
clectro-cheiiiical equivalents, 3262; 
oil magnetic properties of metals, 
4244 ; on relation of maguetisin 
and light, 3617 

Faraday’s ring, in electric.ity, 949, 950 
Farcy, disease in horses, 2620 
Fare, railway passenger, detlued, 5076 
Farm, bailiff’s duties, 5287 ; buildings, 
American and Dutch, 2997 ; build- 
ings, plan, 25 ; holdings, Cuiiti- 
muital, size, 24 ; labourers, harvest 
wages, 1666 ; wages, allowances, 
duties, hours, in the U. Kingdom, 
2999, 3001, 3002 

Farmers, education, 24 ; length of life, 
4528 ; mortality from phthisis, 5409 
Farming, agricultural, ancient, 21 ; 
in Australia, 3235 ; bibliograiihy, 
3470 ; buildings, 2997 ; in Canada, 
3202, 4066, 4068 ; cattle ; see 

Cattle farming ; dairy : see Dairy 
farming ; ensilage, 1970, 1971 ; 

harvesting, 1662 ; machinery, 
1846 ; milk: see Dairy farming; 
New Zealand, 3466 ; servants, 
wages, allowances, duties, hours, 
etc., 2999-3002; in Tasmania, 
3468 

" Farnese Bull,” statue, art pcrio<l, 2930 
Farquhar, (teorge, drauiatiHl, 1150 
Farriers, employment conditions, 2615; 

of tramcars, wages, 4189 
Fascia board, in roof W'ork, use, 4254 ; 

use in gutter flxiiig, 5793, 5955 
I’ashion-platcs, women’s salaries, 322 
Fastenings, engineer’s, kinds, 3003 
Fat, eiarifying, in cookery, 2336 ; con- 
stituents, 3485 ; dietetic value and 
function, 3109, 3111 ; digestive 
process of, 676 ; use in entteurage, 
4969 ; ether as solvent, 3139; 
effect of excess in human body, 
867 ; extraetiou in industries, 
4626 ; foods, chemical composi- 
tion, classiflcation, sources, 3112 ; 
frying, 1488; heat units, 439; 
hydrolysis, processes, 4835, 4836 ; 
in hvesto<;k feeding, 2703 ; syn- 
thesis, 3485 

Fatalism, defects of the term, 2995 


Fat-hen grass : see (loosefoot grass 
Fatigue, in mechanics, 86 ; of metals, 
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Fat-liquoring process, in tanning, 3162 
Fats, animal, constants, 4833 ; books 
on, 4834 ; in chemistry, dellnitioii, 
constitution, hydrtilysis, 4829 ; 
physical and chemical tests, 4834 ; 
physiological value, melting points, 
3486 ; propj;rties, production, 4829, 
4830 ; rendering and purification, 
4830, 1831 ; vegetable, 1032, 48;i3 
Fatty acids, clu inistry of, 3485 ; dih- 
tillatioii, 4830, 4837 ; pressing, 
4837 ; substitution, 3487 

— degeneration of heart, cause, 6039 
Fault, ill eastings, 3962 

— iu geology, deliu(;d, 1352, 1354, 1925 

— ill milling, 1925, 2378; properties 

and varieties of, 2378, 2380 
Fauna, i:»7 ; distribution, 628 ; geo- 
logical agency of, 1814, 1817 
Faverolle, fowl, iioints of breed, 4957, 
5090 ; wciglit of manure, 5874 
Faw'cett's fire-resisting floor, 4 756 
Fawkes, (j!uy,aud (tuiipowder Plot, 4551 
Feather-bed, making, 6609, 6721 

— edgi; of stone, 3143 
Feather keys, slot -drilling, 3405 
Feather star, plate farAng 4081 ; 

description, 4081, 4083 
Feather-stitch, uiiderciothiiig, 3337, 
33:59 

Feathers, of birds, 30, 2492, 2495 ; 
ctleaiiiug, 6040 ; as clothing 
material, 4250 ; curling, 6041 ; 
dyeing, 6653 ; in iiat trimming, 
5500 ; kinds ami sources, uses, 
5120, 6041, 6608, 6715 

— in carpentry, dctiiiition, 3848 

— mason’s tool, description, 2838 
Features, in sculpture, 1510 
Febrifuges, 6037, 0038 

Feed, silent, of log frame : see Itatcliet 
Feeder, in mining, detiiiition, 2379 
Feed-shaft, of lathes, 4921 
Feed-water heater, engine, 6070 
Feeler, of Northrop loom, 3030 
Feeling-tone, theory explained, 251/; 

in relation to emotion, 2695 
Feet, b(M)ta for defective, 4010 : de- 
velopment, 1809 ; of horse, rliiiio- 
cerott, tapir compared, 1179 

— iiieirical ; see FimiI 

Feliliiig’s solution, dextrose test, 3705 
Felida*, species of, 1494, 1705 
Felling, in needlework, 150, 3336,533;' ; 
ill tailoring, 1110, 1111 

— of trees, 52 

Felloe piece, of wheels, 2830, 3126 
Fellow’’s machine, gear cutting, 3630, 
■3032 

Felsite, classilication, 1008 ; cleavage 
planes. 1925 

Felsjiar, varieties, 768, 6736 ; in 

granite, 529 ; in Parian w'are, 5607 
Felstoiie, components, 529 
Felt, ill building, tomidations and 
walls, 1169, 2204, 2268 ; dyeing, 
5906, 6377 ; liairs with best tell- 
ing properties, 1169; use by 
harness-uiaker, 4885 ; for hats, 
1169, 6375; manufacture; 1995- 
2060, 0375; milling, 4108; for 

roolliig, 1109, 1872 ; in walls, 2204, 
2268 

— dryers, paiier. 0390, 6399 

— hatters, employment, 2651 

— rubber, ])ainter's tool, 5829, 5830 
I'eltiiig, process and machinery, 1995, 

1990, 1998, 2000, 4107 
— hats, processes, 6375, 0370 
Felts, ill paper iiiacliiiic, 0390, 6390 
Female, in botany, defined, 730 
Feimniue, Spanish formation, 2343 
Feminine rhyme, 306 ; in Chaucer, 325 
Femur, tliigh-boiic, anatomy, 1708, 
1709 ; constructed to break shock 
to brain, 1799 ; head of, proportion 
iu modelling, 1348, 1349 ; mau 
compared with mammals, 100 
Fence rail, of brougham, 2829, 2831 
Fencing, iu railway construction, hedge, 
3615; ]iosi and rail, 3012, 3615; 
wall, ‘3012, 3015 ; wooden, 3073^ 
4010 
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Fencing, wire, 6170 

Fenestra ovalis and rotanda, 2533 , 2534 
Fens, the, geography of, 1273 
Ferdinand 11. of Spain, 2946, 4306 
Ferghana region, fertility, 2718 
Ferment, in chemistry, action, 1445, 
4135 ; not synthe^sed, 2712 ; in 
wheat, 914 : see also Enzyme 
Fermentation, alcoholic, 1034, 1035, 
1372, 2828; beer, 6057, 6230; 
in beet juice, prevention, 4161 ; 
bio-chemistry of, 4134 ; in doiigti 
making, 3392 ; of flax, 1385 ; 
in human body, digestive process, 
674 ; of milk, cause and limit, 
3534 ; wine grape, products, 6355 
Fernlike plants, dilferentia, 165 ; struc- 
ture and varieties. Ills 
Ferns, classifteation, 165 ; culture, 
6493, 6532 ; structure, reproduc- 
tion and varieties, 1110^1119, 1310 
Ferreira Mine, Transvaal, 3760, 377 \ 
Ferret, method of testing drains, 783 
Ferric chloride, gum arabic test, 5363 

— nitrate, use by dyer, 5779 

— oxide, gas purifier, 6722 

— sulphate, use by dyer, 5779 
b'errite, component iron, 3938 
Ferro-aluminium, composition, 5992 
Ferro-concrete : cee lleiufon ed con- 
crete 

Ferro-manganese, composition, 4464 ; 

use ill steel manufacture, 5013 
Fcrroussulphate, formula, 1721 ; manu- 
facture, uses, 1037 ; in dyeing, 
5782 ; ill ink, 5366 

Fertilisation, of wlicat, 913 ; of plants, 
347, 318 ; Mendel’s Inologieal 
experiments, 1481 ; of ferns, 

matins 

— in charu, 1370 

Fertilisers, artifleial, 1199; Atacama, 
4287 ; potash salts, 5586 
Ferrule, term in drainage?, 736 
Ferruliiig, in boiler work, 3101, 3101 
Fescue, 3890 ; seed, 875, S78 
1' essendcu’s wireless telegraphy, 3898 
i-'estooning, in underclothing, 3340 
Feficiusm, in Egypt, 419 
Fetisii worship, in African tribes, 1790 
Fettling, in iron manufacture, 4636 ; 
in open-hearth furnace, 2864 

— - machine, drain-pipe, 5777 

Feudal system, William I. imposes, 
2359 ; Henry ll.’s policy, 2913 
Feudalism, in (liiiia, 215 
Fever, syntlictic remedies, 5469 

— continued, 6412 

— relapsing, cause, symptoms, 5tl2 

— yellow, incubation, 5412 
Fibre, in brushes, tests for, 6110 

— of metals, influence on strength of 

machinery, 211 

— plants, of tcmiHTate regions, 5117, 

5118 : sec alxn Fibres 

— in wood, 51, 

Fibres, classes of, 817, 1161 ; bast, 
plants with, 5637 ; for brushes, 
6106 ; carding, 1541 ; microscopic 
structure, 820, 821, 822; recovery 
from effluents, 5706; testing, 1701 

— animal, properties, used for dyeing, 

5639, 5640 

— artificial, 71, 72 

— paper-making, 0278 ; beating, 6281 ; 

microscopic structure, 6279, 6280; 
sizes, 6280 ; variation in, 6399 

— solvents for, 6560, 6561 

— textile, dyer’s classitication, 5637 

— vegetable, classes for dyeing, 5637 
Fibrin, in bltHai, formation, 954 
Filtro-cartilagt?, physiological descrip- 
tion, 435 

Fibrous tissue, of human body, 190, 437 
Fibula, human anatomy, 1708, 1709 
Ficlihrl (iebirge, watershed, 1073 
Fiction, definition and ambiguity of 
t«rm, 2961 ; elements considered, 
107 ; English, origin, etc., 2961 ; 
ICnglish, prior to Scott, 3129 ; 
importance in modern literature, 
2686 ; love of personalities the 
mainspring, 3986 ; Scott's novels, 
3344 ; Scott to Stevenson, 3438 
liruK duUira, cultivation, 5040, 5047 ; 
see also Indiarubhcr plant 
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Fiducial edge, in surveying, 710 
Field book, in surveying, 204 ; level 
fleld book, 373 

Field, in electricity, 562, 3894, 3895 

— of fire, In military engineering, 

clearance and obstacles, 6272 

— fortification, trenches, 6270 

— horsetail, structure, 1115, 1310 

— magnet, of dynamo, 1104, 1105 ; 

bipolar, multipolar, etc., 1106; of 
turbo-alternator, 1906, 1907 

— magnetic, 560, 2088, 3894, 3895 
Fielding, Henr.v, author, in drama, 

1151; novelist, 3129, 3131 
Fife, musical instrument, 4567 
Fifeshirc, coalfields, 1066 
Fifth wheel, of vehicles, term explained, 
3122 ; see also Wheel plate 
Fifths, consi'cutive ; see Coiiscciitives 
Fig, classiticatiuii. 354 ; cultivation 
area, 4876 ; culture, 6677 ; sources, 
drying, 4845 

Figure, in geometry, 285, 286, 287 

— human, Gothic sculpture, 3517 
Figure, casting, 1509, 1510 
Figured bass : se^. Bass, figured 
Figures, in geometry, foiled, 1104 ; 

multilateral, 285, 287 ; non-plane, 
4.522, 4523 : rectilineal, 285, 286, 
287 ; reduction and enlargement, 
1255, 1411 ; similar, 5472 
Fiji, cotton i)roductioii, 386 ; the 
Paptiaiis, ethnology, 1788 ; pro- 
ducts, 3902 ; craniology, 1787 
Fil.ament, of flower, 346, 347 
Filassing, in silk manufacture, 584 
File makers, employment, 2646 
File-flsli, effect on pearl fishery, 39C0 
Filtrs, correspondence, 776 

— f<K)ls, forms, .3687, 4582, 4583, 4585 ; 

in sliarpcniiig saws, 375 4, 3755 ; 
steel tor, 4747 ; tempering, 4746 
Fillcim*?, 1116 ; see also Ferns 
Filigree, 5838 ; goldsniithing, 5687 ; 

Irish (Vltic, 5528, 5529 
Filing, business letters, 193 
Fillet', bookbinding, 6776, 6779 

— cement, use in roofing, 4872 

— in steel casting, 2699 

— in slating r<K)fs, 4865, 4867, 486S 
Filling, ill textile industries, 3488 

— engine, silk, 1245, 1249 

— lip, in vehicle painting, 3479 
Films, photo, 6679 

i liter paper, in chemical analysi.3, 4404, 
4405, 4412 ; manufacture, 6401 
Filter press, in earthenware manufac- 
ture, 5161, 5162; sugar, 4/6/; 
J''ilt<?rs, liacterial, sewerage, 4743 

— water, 3380, 4097, 6765 ; Berkefeld, 

4100 ; Candy, 4097, 4098 ; Jewel, 
4098 ; Va^UwT, 4099, 4100, 4158 ; 
sand, 4157, 4159 

Filtration, in applied chemistry, 4316 ; 

in civil engiueering, 4097 
Fill, in forging, removal, 2989, 2991 
Final clauses : see Funiose, in grammar 
Finance, municipal, staff, 1067-1069 

— private methods of economising, 

3222 ; see also Savings banks, etc. 
Finance, books for actuaries, 4731 
Finches, description, 2209 
Fine arts, evolution, 181, 182 

— in music, defined, 270 

— stuff, in plastering, 648, 5499, 5500 

— wool, definition, 1120 
Fines, law of, 6846 

Finger, human, bones of, 1708, 1709 
Finger and toe disease, 1200, 1667, 
1669 

Fingerboard, violin. 2121, 2122 
Fingering, double-oass, 3167, 3170; 
harmonium, 4179, 4180, 4182, 

4183 ; harp playing, 3343 ; piano- 
forte, general rules, 1754, 1760, 

1888; violin, 2410-2413, 2510 : 
violoncello, 2968-2970 
Finger-plate, of saw bench, 6451 
Fingers, musician’s, 2741 

— In ]>ianoforte playing, position, 1415, 

1506, 1757, 1758 ; strengUicning 
exorcises, 1418 

Finial, in nMiflng, 4868 ; tile gable, 
4869, 4871 ; wrought Iron, 5795 
Finisher card, cotton, J544 ; juto, 1887 
Finishers, umbrella, wages, 5603 
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Finland, craniometry, 1786 ; ethnology, 
1789 ; geography, 2408 
Fink truss, loads, 2448, 2449 
Finland, ceded to Bussia, 6201 
Finnan baddies, fishery, 2527 ; split- 
ting, salting, smoking, 5315, 5316 
Fins, of fish, 30, 3066, 3068 
Fiusen, light in therapeutics, 3372 
Fiord, 1560 ; formation, 625, 1354 j 
Norwegian, 980 ; as routes, 4498 

— coasts, instances, 4498 
Fiorin, grass, 876 877, 879, 3890 

Fir, in building shores, 917 ; classifica- 
tion, 503 ; cutting into logs, 53, 
57; distribution, 625, 626 ; ever- 
green condition explained, 728 ; 
planting, 0318 ; timber, 55, 3434 

— Baltic : sec Scotch fir 

— red : see Douglas fir 

Fire, ancient methods of production, 
5470; means of ventilation, 4020 

— alarm, 6843; thermometer, 0129 

— appliances, 6837-6843 ; hydraulic, 

5077 

— assessor, in insurance, duties, 4851 

— bridge, boiler, 6875, 6876 

— brigades, statf and salary, 1497 

— clays, 644, 1285 ; composition, .3942 ; 

in furnace construction, 234 

— engines, 6838-6840 

— escape, 6840, 6842 ; ladder, 2463 

— extinction, 6837-6813 ; London, 318 

— insurance, 4849 

Fire of London, destructiveness, 4702 

— worship, 6772 

Fire-box, of boiler, 3097-3101, 3102, 
6878 ; in technical draM'ing, .5040, 
5042 ; flanging, 3100, 3101, 3107 ; 
locomotive, 6514, 6515-6517 ; in 
range construction, 2390 
Firebricks, 644, 128.5, 1948 ; composi- 
tion, 3942, 4531 ; in furnace con- 
struction, 234 ; strength, 1.520 
Fire-damp, nature of, 232, 1158, 2714 
Firefly, emission of light, 351 1 
Fjre-graU‘, boiler, 3097, 3102, 6875, 687$ 
Fire-lighter, locomotive, 4596, 4599 
Fireman, brigade, 6837 ; marine, 0807 

— railway, 4.596, 4598, 4601 
Fireplaces, in building, formation, 

2387, 2388; fittings, and air re- 
quired, 5195; open, 601.5; 
opening of, const ruction, 2388 ; 
quantity surveying, 6508 ; ven- 
tilator, 6019, 6020 

Firc-proofliig, asbestos for, 812; law 
of, 4751 ; nralite for, 813 
Fire-resisting building, (loiistruction, 
307,1036,4751, 4760; concrete for, 
332; law of, 4751; materials, 4751 

— flooring, 1167 ; manufacture, 649 

— paints, composition, 1036 
Firing, English cliina, .5606 

Firmer, carver’s tool, 5809, 6044, 6045 
Firmer gouge, 3386, 3387, 4150, 4151 
Firth, formation, 980 
Fisclier, Emil, on food synthesis, 2711, 
4128, 4133 

Fish, 29, 30; bird food, 2493; blood 
eorpuseles of, 952 ; blood tem- 
perature, 4:i9 ; boiling, in cook- • 
ing, 1486, 3313 ; British, increase 
of, 5190 ; canned, poisoning, 
5408 ; carving, 5935, 59.36 ; choice, 
1281, 3717 ; classification, 3065- 
3070 ; colouration, 3068 ; cooking, 
1873 ; dietetic value, 3311, 3.381 ; 
digestibility, 866, 3314 ; dlseust?8 
and parasites, 5315 ; eyes, 2403 ; 
fossil, 897 ; gill, respiratory 
system in, 1*300; hatching, 
5314 ; heart of, 956 ; imma- 
ture, protection of, 5314; land- 
ing ports, 4991 ; as manure, 500; 
nitrogenous manure, constituents, 
6587 ; marine hatcheries, 5314 ; 
market preparation, 5315 ; mar- 
kets, 6316 ; nutritive value, 3381 ; 
poultry fexjd, 5436 ; respiration 
and circulation, 3068 ; stuffing, 
processes, 6327, 6056 ; “ wet^‘ 

and “ shell,” 4989 

— bony (Teleostel), 3065, 3067, 3071 

— end-mouthed, 3065, 3067, 3071 

— flying, description, 3068, 3069 

— fringe-flnncd, 3066, 3067, 3071 
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Fish, lung (Dipnoi), 3065, 3070, 3067 

— sea, scientific study, 5188; shoals, 

movements, 5188 
Fish-curing, use of salt, 4718 
Fisher, Bp., drawing hy Holbein, 34.1 
Fisher, fur and skins of, 6426, 6430 
Fisheries, llritish, 49H9-4992 ; Cana- 
dian, 4068; Grimsby, 127.3; in- 
shore grounds, nurseries, 5190 ; 
Japanese, 3159 ; law of, 5316 ; 
legislation, 5189, 5317 ; marked 
fish experiments, 5189, 5190 ; 

North America, 4065 ; over- 
fishing, 5190 ; regulation of, 
5190, 5318 ; scioiKie and sea 
fisliing, 5188, 5JS9, 5190 ; schools 
and marine stations, 5188 ; terri- 
torial limits, 5317 ; United King- 
dom, 987 

Fishermen, Board of Trade certificates, 
5316, 5317 
Fisli-glue, 8] 1 

Fishing, line, 4991 : see also Fisheries 

— boats, legal restrictions, 5317 

— groutids, iiome and foreign, limita- 

tions, 5318 ; localities, 5121 

— nets, creosoting, 5464 

— tackle dealers, business of, 2524 
Fishitiongers, business of, 2826 
Fishplate, use in carpentry, J54.7, 

4446; in joinery, 4116; in 

railway construction, 3253, .1254 ; 
in roof construction, 57.9.;, 579 1 
Fission, reproduction by, 199, 381 ; of 
bacteria, 166; of sca-ancinones,4083 
Fissure, in geology, 1925 ; volcanic, 1207 
Fissure of Kolando and Sylvius. 2146 
Fistula, in horses, treatimuit, 2621 
Fiteh, in basketmaking, 5489, 5490 
Fit^h, fur and skins, 6426, 6430 
Fits, treatment, 6473 
Fitter, head, dressmaker’s, 2t38 
Fitter’s assistant, railway, 4596 
*' h’ittest,” ill biology, meaning, 824, 825 
Fitting, in dressmaking, 474 

— in tailoring, a coat, 3014, 3015 

— in worksiiop practice, 3687, 3692. 
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FilztJerald, Fdw'ard, autlior, 2610 
Fixed air, deflned, 1150 

— assets, explanation, 2758 ; of Par- 

liamentary coinp.iny, 3332 

— liabilities, of companies, 3333 

— oils, varieties, properties, 1032, 3485 
Fixing w'ork, in meclianiiral engineering, 

3317, 3320, 3322 

Five-eight rule, for calculating area. 

In shipbuilding, 5965, 5966 
Fjord : see Fiord 
Flag, In bootinakiiig, 4017 

— ship’s code signals, 6411 
Flagellates, description, 49cV-<f 
Flageolet, musical instrument, con- 
struction, playing, 448.5, -liST 

Flagstone, use, 1072 ; flreiiroof, 4752 
Flake-while, pigment, 871 
rluniboyant style, in arehiteeture, 3374 
Flame arc lamps, 2683, 26S4 

— flower culture, 6529 

— inauomctrie, Kiinig’s, 2318, 2319 

— sound, Tyndall’s experiments, 2318 
Flamingo, description, 2213 

Flange bead, tool, use, 2157, 2458 
Flanged beam, strength of, 1986, 1987 

— ca.stings, process, 2337, 2339 
Flonger, hydraulic, 3103, 3106 
Flanges, brazing, 3884, 3887 \ cylinder, 

lining out and tooling, 33i7, 3324 
Flanging, in boiler work, 235, 1221, 
3096, 3097, 3100, 3103 ; in sheet 
metal work, process, 4521, 
Flanging maciunes, function, 3096 ; 
in siiipbuilding, 5741 

— press, liydraiilic, 1220, 1223 
Flannel, touring, 3340 ; for under- 
garments, 3094 

— long, layette, 3744, 3746 
Flannelette, 4357 ; for underwear, 3094 
Flannels, wasliing, 2591 

Flap, of boot, 4018 ; of saddle, .5341 
Flapping machines, described, 2280 
Flare skirt, cutting, 525, 526 

— of vessel, defined, 5609 
Flashlight, photo, 6682, 0688 

Flash point, petroleum products, 6148 
Flashing, in glass manufacture, 4,534 
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Flask, filtering, analysis, 4413, 44/4 

— vulcanising, varictit?H. 6031, €033 
Flat-bit tongs, described, 2984, 2985 

— carding engine, description, 1644 

— carving, 6044, 6045, 6046 

— irons, dressmaker’s, 185 ; laundry, 

3031 

— jigger, in pottery manufacture, 5233 

— in music, 39 ; on pianoforte key- 

board, 1212 ; tonic sol-fa, 924 

— rammer, use, 2111, 2112 

— worms, 1492, 3958, 3960 
Flattener, in glass manufacture, 4534 
Flattening, of boiler plattis, 3100 
J'’latter, smith’s, 2983, 2.9^5, 2986, 4586 
Flatting, in painting, 5834 
Flatulence, remedy, 5842 
Fhiuti-traversi,musicalinstrument,4568 
Flavours, artificial production, 5468 
Flax, fibres, 68, 69, 716, 1025 ; as 

clotliing material, 4256 ; manu- 
facture, 1168, 1385, 2098; manu- 
facture, history of, 716, 717 ; 

microscopic structure, 821, 82 2 ; 
spinning, 2292, 2444 ; spinning and 
weaving, (rmployment conditions, 
2650 ; spreading, 1726 ; substitute 
fibres, 818 : preparation for weav- 
ing, 2595 : see also Linen 

— New Zealand : see Phormium 

— l>lant, classification. 353 ; cultiva- 

tion, 716, 717, 986, 1199, 5117; 
cultivation in Ireland, 986 
-- s(‘eds, limseeii »)il, 1032, 4831 
Flea, description, 3721, 3722 
Flea-beetle, description, 1667, 1668 
Fltjche fowls, breeding, 4659, 4661 ; 

points of breed, 4858, 4859, 4957 
Fleece, 69, 70 ; clipping, 2366 ; shearing 
and washing, 220, 221, 224 ; wool 
sorting, 1120, 1121, 1122 
Fleet, service with, 4265 
Fleming engine, lubrication, 6069 
Flemish bond, in brickwork, 1451, 1452 

— language, classification, 1771 
Fleshing fur skins, 6430, 6431 

— leather, 2856, 28.56, 3163,3164,3219 
Fletcher, John, dramatist, 846, 847 
Fletcher furnaces, pressure blast 2863 
Flctton bricks, use, 644, 1047, 1948 
Flexor muscles, 1 7 1 2 ; position, 1350 
Flexure of beam, 2737 

Fliers, of staircase, construction, 5301 
Flies : see Fly 

Flight, bird’s, 2496 ; organs, 2677 
Flinder’s range, position, 3697, 3899 
Flint, composition, 1074, 1075, 6736 ; 
in eartlicnw’arc manufacture, 5160, 
5161 ; f(»rination, 767 ; specific 
gravity, 1704 ; structure, 897 ; 
use in walling, 3034, 3035 

— gla.ss, composition, 358, 1160 ; manu- 

facture, 4531, 4536 ; recipe for 
4533 ; strength, weight, 1702 

— makers, employment conditions, 2054 
Flintshire, geography, 1277 
Flipiuug fruits, seeds, 910, 911 
Flitch, ill structural ironwork. 579.1, ,5794 

— of timber, definition, 3544 

— frames, use in woodworking, 5900 
Float, in marine surveying, 1017 

— plasterer’s, 5496, 5497 ; nail, 5500 
Floating assets, explanation 2758 ; of 

brancli shops, 3418 

— bodies, ecpiilibrium, i964f: condi- 

tions of stability, .5968, 5969 

— coat, term in plastering, 648 

— liabilities of companies, 3333 

— out, in bridge construetion, 1175 

— outlet of reservoir, 4334 

— in plaster work, 5499 

— rave stay, of van, 2828, 2829 
Flock papers, for walls, 5827, 5828 
Flocks, upholstery, 6715, 6718 
Flodden laeld, battle of, 3650 
Flong. printing, preparation, use, 5556 
Flood (liseharge, formula;, 5114 

— plain, physical geography, 457 
Floods, area and volume, statistics, 

5110 ; importance in hydraulic 
works, 5113 ; river, damage by, 
4497 ; storage of wator, 4029 
Floor, in building, 53, 54, 4445, 4447 ; 
brick arched, construction, 4763, 
4756 ; brickwork supports, 4446, 
4447 ; laying paving, 2515, 2516 ; 


fiuaritlty Biirveylng, 6610 ; surface- 
finishing, 4758; tiles for, 646; 
timber construction, 1453, 1464 ; 
under-pinning, 918 
Floor, in mining, definition, 2377 

— concrete, 332, 334, 1450 ; armoured 

concrete construction, 1643, 1645 ; 
reinforced, 1555, 1557 

— flre-rcslsling, constniction, 4752, 

4753, 4755, 4757 ; terra cotta for, 
2781, 2784 

— framed, construction, 4445, 4447 

— marble, 3240, 3247 

— ship’s, girder, function, 6224 ; of 

steel sailing ships, 5400 
W’ood, design of section, 2128 
Floor-block, in coppersinilhing, 3884 
Floor-board of van, 2828, 2829 
Floor-brackets, of ship, marking, shear- 
ing, punching and bolting, 5739 
Floorcloth, manufacture, 1026, 5122; 
printing, 5125 ; see also Lfnoleuni, 
Gilclotb, Kamptnlicon 
Flooring, tiles for, mosaic work, 640 

— boards, construetion, laying, 4415 
Floor-plate, construetion and use, 5275, 

5277 ; machines, details and types, 
5276-5280, .5281 

Floor-plates of ships, bending, drawing 
shape, sliearing, piincliing, 5738 ; 
erection, 5740; inner bottom, 
5740 ; of small vessel, 6616 
Flora, 137 ; disintegrating effect on soil 
and rocks, 1814 

Florence, arehiteeture, 3376 ; art 
treasures, 2230 ; cathedral, 3675 ; 
ail independent state, 4322 ; mod- 
ern painting, 3518; early lienais- 
sance sculpture, 3676 ; Benai.s- 
sance art, 3520; Bomanesque, 
architecture, .3232 ; touring, 947 
Florid counterpoint, in music, 633 
Florida, cotton industry, 223, 225, 383 ; 
geography, 4064 ; restored ft; 
Spain, 5840 ; sugar cultivation, 
3831, 4172; tobacco, 4271 
Florida water, perfume, recipe, 4972 
Florin, Austrian, 409 ; Dutefi, 410 
Florists, business of, 2528, 6834 ; train- 
ing, 322 : see also Nurseryman 
Floting, in knife manufacture, 5477 
Flounders, choice of, 3717 ; hatcheries, 
5314 ; sporozoan parasite, 5315 
Flounce, in dressmaking, 187, 862 

— in textiles, weaving, 3155 

Flour, adulteration, 3716, 3717 ; for 
biscuit-making, 3593 ; buying, 
933 ; clUKising, 1228 ; dietetic 
value, 3312 ; weight of sack, 3282 ; 
sources, 4873 ; wheat statistics, 
872 

— milling, 3078, 3079, 3281 ; Bussian 

industry', 2408 ; in U.S.A., 4174 
Flourball, wheal , 9 15 
Flour-beetles, classification, 3512 
Flow-pipe, in domestic water heating, 
6016, 6017, 0018, 6010, 6022 
Flower, term in timber cutting, 53, 56 
Flower-dust : see Pollen 
Flower garden, proportion of, 6205 
Flowering iilants, classification, 165 
Flowering-rush, elassifieation, 355 
Flowerlcss plants : see Cryptogams 
Flower-pot, mamifactnre of, 647 
Flowers, dwarf garden, kinds and 
culture, 6490; economy, 6832; 
garden culture, 6487 ; general 
stnieture, 346, 347 ; in living- 
rtHUiis, 1159; pollination by 
insects, 730, 908 ; in town gardens, 
6316 

— artificial, use in millinery, 6506 ; 

cleaning, 6042 
Fluate, properties, 534 
Flues, air, construction and varieties, 
2513, 2516 

— boiler, 3097, 3102, 6874, 6875 

— chimney, construction, 2388, 2389 

— furnace 2390 ; Batho arrangement 

.5016; of boilers .1997, 3102 

— of kitchen range, definition, 1226 

— of salt-pan, plan, 4717 

— in tobacco curing-house, 4273 
Flue-brushes, manufacture, 6110 
Flue-cinder, defined, 4638 
Flue-dust, lead smelting, 6986, 6987 
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Flucelhorn, mnaical instrument, form, 
place in a band, 5130, 5131^ 5140 
Fluid, excess in human body, 867 

— in physics, 1139 ; Jaws of, 1141, 1142 ,* 

in motion, limit speed, 1143; 
perfect, definition, 1374 : ftee also 
Li()uid 

— pressure, 1139; law of, 1140 
Fluke, sheep disease, 2364, 2625, 2627 
Flukes, (Trematoda), description, 3959 
Fluoresceine, acid dye, 5955 
Fluoride, defined, 839 

Fluorine, action, 362 ; chemical pro- 
perties, 1444 

Fluorspar. 534, 768, 1041, 6736; 

fundamental form, 7661, 767 
P'lnshinji, in drainaee, defined, 572, 784 ; 
in sewerage, automatic, 4457 

— tank, automatic, 738 ; failure of 

traps in, 781 

Flute, musical instrument, 5729 ; chro- 
iiiatie scale, 4569 ; manufacture, 
662."» ; in orchestra, 5887, 51(92 : 
typ(>s. 4.568, 5729 

— harmonium stop, 4180, 41S1,41S2 
Fhite-il-bec, defined, 4568 

Fluter, carver's tool, 5S09, 5810 
Flutes, in joinery, defined, 5179, 51fil 
Flux, enamel, 6575 ; for glaze colouring, 
5384 ; in iron smelting, 231, 4467 ; 
phosphafie, in slag manufacture, 
2581 

— magnetic, 500 

Fhiviatile clays, in brickmaking, 1278 
Fly, pla^e facing 3.361 ; blood-sucking, 
jaws, 3721, 3722 : classification, 
3362; de.scripti(m. 3721: and 
flowers, 908 ; fungus, 3721 ; Hes- 
sia?i, larv.TP, 3721 ; as pollen- 
carriers, 731 

Fly, of overcoat, 1756 ; of knickers, 
1461 

Flyer, in spinning, 22H9 

— buttress, history, 3373 

Flying machines, 2279 ; method of 
propulsion, 3984 : stec also Balloons, 
Aeroplanes, Flapping machines 
Fly-pre.ss, principle. 835 
Fly-running, milliner’s stiteh, u.se, 4565 
Fly-siekness, tsetse-fly, 3721, 4089 
Flywheel, engine, types, funetioii, and 
action, 2018, 2019, 4426, 4428, 
5641 ; of componiKl Beiliss engine, 
5750, 5751 
Foal, care of, 2078 
Fmral length of lens, definition, 2901 
Focus, in conic sections, dt»ftnition, 5783 

— of hum.'in eye, 2401, 2402 

— in geometry, of ellipse, 1411 ; of 

parabola, 1412 

— in light, 2435 ; principal, virtual, 

ami conjugate, 2735, 2900, 2902 
Fodder, cattle feeding, 2904 ; cow’s, 
storage and preparation, 3673 ; dry, 
ensilage, system, 1970, 1971 ; oats, 
plants cultivated in Knrope, 856 ; 
873 ; trade in, 1991 
Fog, definition, formation, 1900 
Foil, use in enamelling, 5690 
Foiled figures, geometry, 1014 
Fold, in geology, cause, 1354, 1355 ; in 
lias beds, 2376-2377 

— in millinery, velvet, 5331, 5332 
Folder, b(K>kbinding, 6776 
J'olding. in elotJj inaiinfaetiire, 4343 

— in laundry work, 2910, 2911 
Foiling heads of carriages, 3022 
Foliage, wood-carving in relief, 6137 
Folio, in bookkeeping, 403 

— in printing, defined, 5457 
Folio sheet, in printing, 545S 
Foliation, geological, in schists, 107,5 
Follow-up system, advertising. 6801 
Follower, of American clock, 5712 ; 

verge wat<!h, 6082 

Fomentations, us'‘, and apidirat ion, 6286 
Foiitenoy, I)a1tle of, 5554 
Food, adnlttTalion, 3716; alkaloidal 
poisoning, 3826 ; animal and plant, 
270, 4153 ; of animals, necessity 
for, 1491 ; Bcrthelot’s tablets 
Rctiemcs, 203 ; chemical defl- 
nltioTiR, 3019; chemical dis- 
coveries, 238 ; chemical preserva- 
tion, 8819 ; children’s, amount and 
kind, 4864 ; cold storage, 5403 ; 
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decomposition and putrefaction, F 
5403 ; digestion, process, 673 ; 
effect on body temperature, 440 ; 
effect of excess on human body, 
867 ; factor, in animal evolution, 
1761 ; and mental work, 6466 ; 
necessary to life-maintenance, 
4133; nutritious elements in, 
5434 ; nutritive values in, table, 
3599 ; in old age, 4530 ; in physio- 
logy, 438-441 ; physiology of, cir- 
culatory system, 86.5-867 ; of 
plant R, competition for, 503; of 
plafits, general, 167 ; of plants, 
winter, 72S ; importance of proper 
quantity, 3596 ; preservation, books 
on, 3819, 3826 ; legislation, 5408 ; 
T..il.B. report, 3819; defined by 
Sale of Food and Drugs Act , 4715 ; 
.salicylic acid as preservative, 3819 ; 
.sup^)ly : see specific subjects — e.g.. 
Milling, Sugar, etc. ; trade returns, 
Britisli, 6004 ; tablets, U.S.A. 
experiment, 3599 ; in travelling, 
wliat to eat and where, 514 ; 
vegetarian, importance of, 3601 ; 
the voice, effect on, 2539 
Food and Drugs Act ; sec Sale of Food 
and Drugs Act 

Foods, dietetic values, 3109; nutritive 
valiHnJ, 3381 ; relative costs for 
daily supply, 3599 ; patent and 
breakfast, treatment of grains. 
3084, 3085 

— predigested, manufacture, 3085 

— prepared, infants’, 4683 
Foodstuffs, adulteration, 3S93 
Fool’s gold, defined, 768 
Fool’s jiarsley, 349 

Foot, unit of, measurement, 1147 

— of basket, round, making, 5490 

— of cylinder. 3317, 3324 

— in bootmakiiig, anatomy, 3875, 

3876 ; measurements, 1329 

— Ciuards, regiment, promotlnn, 3840 

— bn man, bones, 1709 : constructed to 

t»reak sliock to brain, 1799 ; joint.s, 
1710; man, contrasted with 
mammal, 100 ; tendons and 
muscles, 1712 

— and mouth disease, in cattle, 

symptoms and treatment, 2623 ; 
in sheep, 2624 

— in poetry, list of, Eng1i.sh, 305 

— pound, unit of W'ork in physics, 289 

— in iirosody, defined, 1760 

— of spider, 3S04, 3805 

— of tusk shell and mussel, 32R4 
F(K)te, Samuel, dramatist, 1150 
Football, team, trainer.*!, 6870 
F(K)t bailer, professional, 6869 
Footboard, of van, 2828, 2H29 

— stay, of brougham, 2830, 2S31 ; of 

elliptic spring fore-carriage, 3125 
Footings, in buildings, 335, 2261 ; lay- 
ing, 2261, 2263 ; size, 331 ; of 
walls, 3033, 3035 
F<K)t-jaws, of Cray fish, 3807, 3S0S 
Foot-lever brake, 830 
Footman duties, 815 
Footnotes, in printing, setting, 5159 
Footpaths, laying artificial slabs, 2428, 
2429 : di.strict councils and, 1979 ; 
L.(».B. by-laws, respecting setting 
out, ^25 : see also Paving 
Footprints, of labyrinthodon, IS 17 
F<Kjf-rope, use in ottcr-trawl, 4990 
Fm)t-rot, in sheep, treatment, 2364 
Foot-stumps, of sea-centipede, 3950 
Fiiotstick, compositor’s ust^, 5457 
Foot-valve, bore-hole pump, 6062 , 6064 
F(K)t-warmer, inefficiency, 3025 
Forage crops, cultivation, 1197-1200; 

for rows, 3890 ; pea crops, 874 
For.amcn magnum, human, 1605 
Foniminifera, description, 4080 ; in 
carboniferous system, 2254 
Force, in electricity, definition, 1590 ; 
lines and tubes of, 4023 

— in mechanics, 86, 111 

— in physics, action on mass, 124; 

Newton’s definition, 314 
Force-pump, 830, 1080, 1141, 1142 ; 

in boiler testing, 3106, 3107 
Forced draught, 1808 : see also Fans 
Forces, chemical, electrical nature, 2297 


orees, in mechanieg, composition, 651 ; 
couples of, 413, 415, 1834 ; defi- 
nition, 411 ; equilibrium, 411, 413, 
553, 661 ; measurement, 552 ; 

moments, 413, 416, 661, 1834 ; 

Newton’s third law, 553 ; parallel, 
413, 414, 1833, 1834; parallelo- 
gram of, 411, 413, 552, 1833, 1834 ; 
polygon of, 412, 413, 4337 ; 

reciprocal diagrams, 414, 415 ; 

representation of, 411 ; resolution 
of, 412, 413, 651 ; specification of, 
1 833 ; triangle of, 41 2, 413, 533, 1834 
Ford's silicate of limestone, 534, 1520 
Fords, in military engineering, 6265 
Foresight, in levelling, 374 
Forehoard, of ropew’alk, 5290, 5291 
Forecastle, of sailing ship, 5400, 5401 
Forehead-band, of harness, 4886, 5057 
Fore-hearth, in copper reduction, 4127 
Foreign exchanges, hill of exchange, 
bank draft, 3681, 3683 ; credit, 
eoinnge, note issues, 3971 ; long 
and sight, 4170 

Foreign Ofliee, appointments. 2934 ; 

Colonial appointments, 3548 
Foreman, building,307; .scaffolding, 1171 

— railway, duties, 4591 

— of tramways, wages, 4189 
Foreman of works, in Army, 3841 
Foremast, of sailing ship, 5399 
Foreshore, erosion, 5577 ; protective 

works, 5577, 5580 

— surveying, 1019 

Forest service, Indian appointments, 
salary,, 3477 

Forestry, ahled industries, 4604 ; books 
on. 4604, 4929 ; British and 

foreign returns, 4003 ; colleges, 
4929 ; English and (lerman, prob- 
lems, 641 ; instruction, in, 4602, 
4929; .Japanese, 3159; as an 
industry, 4602, 4928 ; infiuenee 
on labour, 4604 ; pests, 4925, 
4927, 4928 ; physical conditions, 
4604 ; soil and climate, influence 
on, 4604 ; scientific treatment, 
4602 ; sylviculture, 4676-4680 
Forests, connection between light and 
life of trees, 504 ; as denudation 
cheek, 456 ; distribution, 625, 
4657 ; primeval formation of 
coal-fields, 1921 ; products, 4657 ; 
rainfall, effect on, 1814 ; sub- 
merged, 1354 ; thinning, 4680 
Forewale, of horse’s collar, 5192 
Forfeiture, of shares, in limited com- 
liany, 3188 

Forge iron, production, 232 : see also 
Iron, wrought 

Forgery of ehcijueR, bank’s liability, 3482 
Forges, use of fans, 1808 
Forget-me-not, 354 ; culture, 6491 
Forging, 2984, ;t839 ; angle-iron, 
smiths’ w’ork, 3096 ; hydraulic 
presses, 1223 ; in iron working, 
235 ; in machine construction, 
207; tooling allowance, 3316; 
wrought iron, 1044 
Forging presses, 1224, 5676, 5678 
Fork, gardcner’.s, 6315 

— hangers, of bogie frames, 3122 

— of pendulum clock, 5714 

Forks, of bicycle frame, 3773, 3774, 3777 

— butcher’s, 1429 

— nickel-silver table, 5477 
Form, in design, 5820 

— guide in gear cutting, 3630, 3632 

— and matter, in poetry, 305 

— in sculpture, 1345 

— suggested by shading, 2185, 2187 
Form milling, deseribed, 3403 
Formaldehyde, formation, properties, 

3020 ; as f(M)d preservative, 3819 
Formalin, disinfectant, preparation, 
3021, 6467 ; uses, 3021, 5408 
Forme, compositor’s, defined, 5159 

— printer’s, defined, 54.58; locked up, 

5459 ; eleetrotyping, 5559 ; stereo- 
typing, 5556 

Former, of dynamo armature, 1107 
Formic acid, preiiaration and properties, 
3021 ; synthesis, 271 1 
Formosa, description, 3161 ; products 
5659 

Forniose, formation, formula, 3706 
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Formul*, in chpmifltry, prraphic, 2714 
Forrest Fulton’s Act, provisions, 1078 
Fort William, railway, 1064 
Fort William, Lake Superior, 1650, 4069 
Forte, in music, 271, 5568 
Forth bridge, dimensions, 273<5, 27.19, 
2740 ; Incligarvk* caisson, 1403 
Forth, Firth of, depths, 457 
Fomm, Romo, 2U3‘J-2933 
Forward bearing, in surveying, 267 
Fourneyron turbine, 1089, 1692 
Four-in-hand : nee 1 )rag 
Four-wheeler, defined, 246.5 ; dimen- 
sions and weight, 2726 
ro.S8 Dyke, Linc.s, 127.‘1 ; canal, 5485 
Fossil meal, description, 812 
Fossiliferous rocks, defined, 897, 898 

— slags, table of, .525 

Fossils, in biology, 279 ; in calcar# ous 
sedimentary naiks, 1071, 1072, 

1074 ; Cambrian, 2253 ; evidenco 
of change of sea level, 1252 ; 
evidences of evolution, 1031, 1177 ; 
geological record of, 2060 : index to 
upheaval of land, 618, 020, 021 ; 
Old ited Sandstone, 2253, 2254 ; 
origin, 1810 ; Silurian, 2253 ; 
variation, 1924 

Foudneo, del Turclii, Venire, ■32.‘17,3222 
Foiiett/*, style fd violin bowing, 2743 
Foul brood, bee diseas#', 5903 
Fouls, of machinery, avoidanee. 4428 
Foundation, for maehine or engine, 
laying, 3091 

Foundation ring, of boilers, 3099 
Foundations, in bridge building, 2737 

— in building. 143; artillcial, 332 ; 

on compressible soils, 334 : ewn- 
crete, 049, 1449 ; concrete in 

damp. 334 ; natural, 331 ; (luantity 
surveying, 0507 ; removal of old, 
329 ; for retainitig walls, 3250, 3257 

— railway embankments, 3259 
Founder, in liorses, treatment, 2021 
Founders’ shares, d<'tincd, 3 1 HO 
Founding, methods, materials, pro- 
cesses, 2109 : are aim Casting, 
Motildiiig, Pic. 

Foundry, 2108, 2800, 2807 ; compared 
with smitliy, 2983 ; of engineers* 
works, 5591, 5593; ladles used, 
2804 ; melting fiiruaees, 2802 ; 
moulding boxes, 2097 

— stereotype, oiiuipnient, 5556 

— work, dietioiiar.v of, 2545 

Fount of type, 5927 ; variation, 6074 
Fimiitain, brewery eop 4 )er, 0058 

— in petroleum w'ells, detinition, 3190 
Fowi, dietetie value, 3211 ; digesti- 
bility, 2214 ; movement and skele- 
ton, 2494 ; roast, earving, 5924, 
5935 ; roasting, 1487 : »ee also 
Poultry 

Fox, Charles James, coalition ministry, 
5555 

— (canis), 6427, 0433 ; skins, 6430 
Foxdale lead mine, 3194 

Foxglove, 351, 354 ; cross-pollinatidu, 
730, 732; heart tonic, 4013; 

parasites in, 505, 500 ; pollen i)ro- 
tectioii, 1114 ; nectaries, 721 ; 
pollination arrested, i»09 ; showing 
anthers, platp faHng 728 
Foyers, Falls of, aluminium w'orks, 
5208, 5750 

Fra Angelieo, painter, 2519, 3520 
Fractional distillation, in chemistry, 241 
Fractions, decimal I'lpiivalents, 2000; 
French, 1020 ; in T.atin, 1224; in 
mathematics, 540, 705 
Fractured lumes, kinds, treatment, 0472 
Frame, braced, 4040, 4041 

— cycle, importance of testing, 3778 

— bars, of sliips, 5737 , 5728 

— saw, in log-sawing, 5900 

— saws, wood-working, 0449 

— workers, umbrella, wages, 5603 
Framed cabinet work, 0580, 0587 
Frames, carpet weaving, 3991 

— engine, detail drawings, 4202, 4203 

— lacc-making, 4879 

— of ship. 5738-5742 ; bending, 5738 ; 

curvature, 5738, 5739 ; girder 

function, 6224 ; joggled arrange- 
ment, 5918; preparation and 
punching, 5736, 6737 


Frames of steamer, form, 5402 

— tension bridge, 0267, 0208 
Framing, in vehicle construction, 2834 ; 

of brougham, 2830 ; of elliptic 
spring fore-carriage, 3125 
Franc, Belgian and French coin, value, 
337, 409 ; Swiss coin, value, 410 
France, African possessions, 3278 ; Al- 
gerian rule, 3280; architecture, 
(lothic period, 3374, 3375 ; bank- 
note issiies, 2973 ; beer consump- 
tion, 3;177 ; coalfields, 5302, 
5304 ; coins, weights and mea- 
sures, 409 ; colonial possessions 
off Africa, 3.587 ; craiiiology, 1780 ; 
economic divisions, 5824 ; forestry 
returns, 4603; geography, 1081, 
1082, 1083 ; government by 

consuls, 5238 ; government, form 
of democracy, 5534 ; litera- 
ture, 2787, 3780 ; meat consump- 
tion, 3:181 ; medical profession, 
5429 ; militarism, contempt for, 
5097 ; iron ore ojitput, 5307 ; 
mint par with Knglaiid, 3972 ; mor- 
tality statistics, 2062 ; ninetcentli 
century art, 4395 ; oil shales, 0009 ; 
painting. Empire school, 4394 ; 
painting and sculpture, llfteentii to 
seventeenth ceTituries, 4 1 17 ; popu- 
lation, 028 ; Keiiaissancc archi- 
tecture and sculpture, 3946 ; Jlo- 
manesfjue period, 3232 : Russian 
trade, 5708 ; spirits eonsinned, 
3315; touring directions, 714; 
trade. 5381. 5050, 5004, 5825 ; tran- 
sit trade, 5824 ; West African t)os- 
.scssions, 3454 ; West Indian pos- 
sessions, 4178 ; wine consumption, 
3315 ; wool industry, 69, 72, 221 

— history : from Gauls to Hugh Fai)et, 

2915 ; Belgium, a part of, 2948 ; 
in early Middle Ages, 2241 ; dc- 
velofuuent of state in early Middle 
Agcis, 2354 ; wars with Richard I. 
and John of England, 2914 ; 
Arab invasion, 2946 ; Hundred 
Year.s War, 3251, 3463; foreign 
policy of Henry Vlll., 3832 ; 
designs on Scotland, 3833 ; in 
Middle Ages, 4101, 4320; reign 
of Henry of Navarre, 4320 ; influ- 
ence of Richelieu, 5110; Henry 
IV. to Isolds XVI., 5110; the 
Revolution, 5110 : see also Freneh 
Revolution ; Napoleon Bonaparte, 
5238 ; Bourbon restoration, 5239 ; 
second Republic, 5239 ; Franeo- 
German w'ar, 5240 ; third llcpub- 
lie, 5240 ; settlement in India, 6549 
Franchise for women, Spencer’s opinion 
controverted, 4977 

Francis J. of France, wars, 1102; 
political rivalry, 3650, 3051 ; w^ars 
with C’harles V., 4396 
Francis turbine, mechanism, 1090, 1693 
Franco-German war (1870), 5210 
l'’rankineenae (olibaiium), source and 
use, 4658, 4971 

Franklin, Benjamin, explanation of 
liglitning, 128 ; one-fluid tlieory of 
<*lectrieity, 4022 ; philosophical 
writer, 378 1 

Fraiik.s, classiflcatioii, 2354 ; history of, 
2240, 2915 ; rule Helvetia, 4399 
Fraunhofer lines in spectrum, 3370 
Fredensborg palace, Denmark, 1425 
Frederick II., of I’russia, reign, 6302 
Fr(;drikshall, siege of, 5397 
Free Trade, Adam Smith, founder of 
theory, 2055 ; movement ( 1846) 0691 
Free will, in sphere of intellect, 2404 ; 
limitations of doctrine, 2550 ; in 

f )sychic theories, 3289 ; psycho- 
ogieal account, 2995 
Free-fall appliances in mining, 2671 
]'’ree-hand drawing, 109-114 : see also 
Drawing 

Freelance, in journalism, qiinliflcations 
and career, 4671 
Freeman’s white lead, 5988 
Free-martin, in agriculture, 2238 
Freestone, classiflcatioii, stratiflcatlon, 
1072 ; in masonry, 1452 ; quarry- 
ing, 2956 ; splitting, dressing, and 
finishing surface, 2830, 2842 


Freezing, physical account of, 1269 ; 
shaft-sinking by, 3460 

— mixture, in physics, 1740 

— point, in chemistry, 696 ; methods 

of marking, 1566, 6129 
Freiburg, suspension bridge, 2498, 2499 
Freight cars, railway, use of, 2467 

— charges, in bookkeeping, 2500 

— notes, 6363 

— of ships, arrangement, 6807 ; engage- 

ment and sliipment, 6302 
Frencli Congo, 3582 
French cookery, economical, 2335, 5581 

— embossing, process, 5838 

— hem, 152 

— language, accents. 123, 449; Latin 

anfl Greek roots, 0810 ; punctua- 
tion, 449 ; syllables, 44H ; tourist 
• vocabulary, 1950 ; traiislatioii, 
ctiargcs, 1920 ; travellers’ phases, 
1956 

— mile, deflned, 1148 

— polish, preparation, use, 1035 
French Revolution, Burke’s “ Ketlee- 

tions,” 2055 ; effect on English 
literature, 1305, 2308: see also 
France, history 

— salad, recipe, 2004 

— sixth, in harmony, 507 

Fresco, mural painting, preparation of 
wall for, and method of ))ainting, 
1024 ; Rompeian, 2933 
Frescoes, Fra Angelico, Lippi, da Vinci, 
etc., 3520, 3793, 3794, 3795 
Fresh-air inlet, in drainage, use, 739 
Fret, geometrical design, 2321, 2397 ; 

showing use of line, 5820, 5821 
Frets, of banjo, 4310; of mandoline, 
function, 4308, 4309 
Fret-saw, machine, 635.9, 6360; metal, 
5522, 5524 

Fretwork, cabinet -making, 0584 
Frequency of electric current, 1357 
Frequentative verbs, Latin, 1047 
Freycinetia, description, 729 
Friar bird, W'arniiig coloration, 2505 
Friars, in printing, cause, .5808 
Friar’s balsam, source', 3708 
Friction, 958, .3813; angle of, 959; 
belling, 962; brake.s, 900; 
elutelies, 900 ; coellicient of 
friction, 058, ;{171 ; coil clutches, 
002; devices to avoid, 210; 
effect on motion, 425 ; expanding 
clutches, 002 ; gears, 002 ; import- 
ance in engineering, 2108 ; import- 
ance in mechanisms, 80 ; kinds, 
858 ; laws of, 9f»0 ; of liquids, 050 ; 
maeliinery devices, drawing. 4002, 
4004 ; practical applications, 059 ; 
in pulley systems, 834 ; rolling 
friction, 904 ; Seller's disc, 902 ; 
shafting bearings, 002 ; of W'ater 
llow ing through oriflee, 1573 ; in 
veiiiclos, 3120 

— gear. 062, 5355 

Friendly Societies, system, 3224 
Kricz#', carving, 0130; design, 5979; 
relation to dado, 5980 ; stencilled, 
0728, 0729 

— material, width of, 186 
Frigid zone, heat and light, 203 

Frill, in dressmaking, kilted and box- 
pleated, 008 ; to make and put on, 
802 ; quantities of material for, 187 
I’rillings, used in nnderw'ear, 3094 
Fringe-winged inserts, 3304, 3305 
Fringing reefs, 55.s 

Frisian language', elassitiealion, 1771 
Fnsket, of printing press, 5744 
Frit, eliina glazing, 5000 ; Parian ware, 
5007 ; in pottery manufacture, 
.5237 

Fritters, celery, recipe, 2120 
Fritting, in glass manufacture, 4533 ; 

ill pottery manufacture, 5237 
Fiizzled fowls, points of breed, 4958 
Frocks, boy-baby’s, 4195 ; girls’, 4472, 
4473, 4474 ; infants’ short-coaling, 
3850 ; young child’s, 4050, 4054 
Frog, common, 2800, 2801 ; bhM>d 
corpuscle of, 953 ; heart, 956 ; 
stellate cells, 2952 

— ill bricks, 1948, 1949 

— for guiding electric trolley, 1935 

— in railway construction, 3608 
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Frog-bit, 355 ; Rcwagc plant, 4549 
Frog-liopper, liirvtr, 3865 
FroisHart'H “ Chronicles/' 1609 
Front l)oards, of van, 2828, 2S29 
Front strai), of harness, 4886 
FYontal bone of man, /.V-ZA’, 1604, ICOH 

— lobes, of brain, 2144,2146, 25:i7 

— sinus, 2H37 

Frost, effect on brickwork, 2268 ; 

geological olfoct, 302 
Fronde, the, war of, 5110 
F'ronclc, James A., uulhor, 2616, 2618 ; 

admiration for 'JVnnyson, 1435 
Fruit, British imports, 4844 ; canning, 
bottling, 481 : chenn<*al classifi- 
cation, 3112 ; choosing, 1228 ; con- 
sumption of, 4875 ; dietetic •value, 
3312; growing, 6676, 68:12; 

growth, ]>rocess cif. 348 ; markets 
in British Isles, 2532 ; motor 
carri.ige, 3904 ; preserving, 4844 ; 
pulping, 4840 ; refrigerating, 5404, 
5405 ; salad of, recip<‘, 2003 ; 
sources, packages, and seasons, 
2531 ; stains, removal, 2590 

— bushes, culture. 6678 

— candied, manufacture, 4848 

— catapult, flipping, and sling, 910, 911 

— crushed, tinning, 4816 

— desiccated, kinds, jwcparatioii, 4845 

— essences and oils oi, sotirces, 5469 

— farming in Canada, 3204, 3206 ; in 

Fngland, 986 ; in Knroi)e, 855, 
4873; in Tasmania, 3469 ; W estern 
Australia, 8235 

— glacf*, manufacture. 4848 
Fruit-hat, as pollen <‘arncr, 729, 730 
Fruiterers, business of, 2529- 25;J2 
Frustum, in drawing, 1747, 1749 
Fry, Klizabeth, prison reform, 4276 
Fry of marine bivalves, 3285 
Frying, method in cooking. 1488, 3314 
Fungi, common types. 1371, 1'773 
Fuchsia, 35:1 ; culture. 6492 

Fuel, hooks on, 5595 ; ctuisiimption 
and liardjicss of water, 5761 ; in 
cupola furnace, 2X62 ; gaseous, 
for furnaces, 3108 ; li(|iiid, 6151, 
6153 ; from slag, 639 ; problem of 
wasted )>ower. 376 

— gases, conipositioii. 6817, 6829 
Fugitive Slave Law,*’ 5975 

Fugue, in music, 633, 583 
Fujiyama, volcano, 3150, 3161 
Fukien provinee, China, 2976 
Fnlas, distribution in Africa, 3279 
Fulcrum, 1797 ; theory, 6 h 4 
FuH-horc discharge, in drainage, 781 
Full-stop, use, 13:i8, 6351 
Fuller, smith s, 2983, 2986, 2986 
Fuller electric cell, 466 
Fullering, 2986, 29S7 ; in caulking ot 
plates, 3108, 3096, 3097 

— die, 29H9, 2992 

— tools, e<lgea, 211 

Fulling, in clothinaking, p7oce.«s, 4106 

— stock.s, leather, 2854, 3165, 3166 
Fullner fibre separator, 5766 
Function, in biology, analogy, 379 ; 

distingiiisliiiig plants attd animals, 
276; spcciali.sation, 278 
Fundamentals, in harmony, 363, 2104 
Fundy, Bay of, tides, 556 
Funeral attendants' wages, 5785 

— furni.sbers, trade with undertakers, 

5785 

Fungi, as f(M>d to other i»lants, 503 ; 
classed economically as animals. 
277 ; hn-CHt pests, 4925, 4027, 

4928 ; myeorrhiza, 503, 606 \ 

injurious to agricultural crops, 
1667 ; in plant cJa.ssi flea lion, 166 
Fungiform papilla*, of tongue, 2535 , 2636 
Fungus-animals, description, 134 
Funicular polygon , 2197, 2100 
Funnels, of railway locomotives. Prof. 

Atlanis’s invention, 520 
Fur, 6426 ; eleaning, 6040, 6434 ; as 
clothing material, 4256 ; dressing 
and iwcparing, 6429-6 /35 ; dyeing, 
6429, 6432, 6433 ; iniit,atjon of, 
3156, 6434 ; linings, manufacture, 
6436 ; manufacture of articles, 
6435 ; protection in mammals, 
2156; rugs, manufacture, 6436; 
varieties, 2721, 6426 
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Fur, in boilers and kettles, 63.3, 4157 
Fiir-beetle, classiflcation, voracity, 3511 
Fur merchants, business of, 2720 

— skin dressers and dyers, employ- 

ment conditions, 2648 
Furnace, Idast : Blast furnaces 

Furnace, fd boilers, 7M01, 6876 ; charging 
machines, 6017, 5018; construc- 
tion and innterials, .3942, 4125, 
4126 ; cooling, 4626 ; fans, use 
of, 1808; flue, making, 3101, 
3102, 3106: forge and blast, con- 
trasted. 4467 ; iron extraction, 
direct method, 4465 ; lining, brick 
n.sed tor, 1285 ; open hearth : see 
OlHui-Iicarth furnaces ; puddling : 
Are Puddling fnrnuce.s ; reheating, 
use ill iron manufacture. 4638 ; 
rcfnse-destrnctor : see Befiise- 

dcstrni-tor furnaces ; reverbera- 
tory : ACC Beverberatory fiinuiccs ; 
types ii.scd in steel manufacture, 
4741> : tilting, in steel manufac- 
ture, 4465. 4406 

— calcining, 231 

— carin^, use in anal>s.is, 4413, 4416 

— cementation, descrijdion, 4749 

— clcctrie. 3031, 3032, 4532, 4633, 

.5757, 67 6 S 

— fritting, pottery maun fart nrc, 62.‘i6 
Kiirnace-crown, in boilers, 3090, 3100 
Furnishing, business of, 34 47 
F'nrnitnre, auctioneer’s inventory, cata- 
loguing, 4983, 4984, 4985 

— art, dealing in, 893 

— bamboo, nianufacturc, 5725 

— compositor’s, use, 5252, 5459 

— construction, 6579, 67}SI, 66S7 ,6689 

— bonscbold. valuation of. 5151 

— sho]>s, wagc'^. and capital, 47 

— stntting. 671.5 

— vans, construction, 2558 
Furriers, employment conditions, 26 J9 ; 

knives and tools, 6429, 6432 : see 
also Fur merchants 
Furrow, in agriculture, 430, 131, 1232 
Furstcnbuml. I*russian history, 6302 
Furze, as livestock bKid, 2905 
Fuse, ehM’tric, 6620, 676,5 ; percu.ssion, 
6618, 6820; safety, 6274, 0765 
Fusee, in mechanical engineering. 832 

— verge watch, 6081, 6082 

— drum, ’■ sweeping-np ’* 2469, 2460 
Fusible metals. :i60, 1162, :UM1, 5988 
Fusibility of nicfals, 239, 3837, 5523 
Fusion mixture, analysis by, 4415 
Fnstiun.«, finishing pniccsscs, 4342 
F’ustic dye, origin and use, 5907 
Futchcll, carriages, 3122-3124 

— jaw stay, of lirongbain, 28:i0, 2831 
Future teilsc. Ccniuui use of, 3.501 

ac.M., meaning. 339 
tiahbro. rook, elassitlcation, 1009 
CTabclle, French tax, 5112 
(iable, architects’ drawings, 6693, 5696, 
5698 

fiad, tCKiI, 632 

— steel miner’s tool, 2683 
<4ad-fly, in sheep, 2626, 3721, 37 Z2 
tiaelic, bards, function of, 303 
Caelic language, classification, 1771 ; 

survivals in English, 1770 
Caff, of sailing shin, adjustment, 5398 
traggers, in niouluing, function, 2110 
f •ainsborongh, Thomas, landscape paint- 
ing, 4300, 4392 ; “ The Bine Jtoy, ’’ 
4303 

Oalactose, ebeese ferment, 4036 
(talnshiels, industry, 10J6, 2896 
(lalba, Sulpicitis, Emperor of Rome, 
reign, 11>39 

Galena, lead extraction, 5754, 5766, 
5985; lead ore, 358, 1160, 3.508 
5985, 67.37 ; smelting, 4.303, 5986 
Gales, effect on coast, 6218, 6219 
(>alicia, Austria, 2162, 2165 
Galilei, (falileo, life and works, .3.5, 36, 
551, 2949; .lupiter’s moons and 
ilednetive logic, 6002 ; laws of 
motion, 312, 6119 ; on pressure of 
atmosphere, 1801 ; his telescope, 
2903, 2949, 6119, 6241, 6242 
Gall, Ah^ppo, 5360 

— (’hiiiese and Japanese, 5.366, 5780 

— of gall-fly, 3722 


Gall, oak, gallic acid from, 3822 ; pro 
duction, use, 5366, 5780 
Gall-bladder, description, 576’, 580 
Galleries, in military engineering, 
siege and defence, 6273 

— in mining, making, 2666 
Galley press, compositor’s, 5252 
<lall-fly, description, 3722 

(iallic acid, simrces, proiwTtics, 3822 
(jallnutK, use in dyeing, 5780 
Galloway boiler, 3108; tubes, 3097, 
3102, 6876 

itall.stone. accoiniianyiiig jaundice, 6038 
Galoon, in dressmaking use, 185 
tlalton. Francis, theory of eugenics, 
3120 ; rcse irches in heredity, 1316 
(4a1toM grate, use in ventilution, 3801 
Galvanic battery : see Battery, electric 
(falvaniscd iron, 359, 1045 
tialvanisers’ tools, 6164, 6169 
(talvanising, proce,s.s, 4306, 6164, 6168 
Galvanometer, 129, 464, 465, 662; 
charging sheet of glass, 3679, 3.580 ; 
indications in duplex telegrajih 
W'orking, 4607 ; in Lodge’s oscil- 
lation transformer, 3895, 3897 ; 
of Mor.si* sounder, use, 5065 
Galvanoplastic : sec Klectrotyping 
Gama. Vasco da, founded church in 
JJshon, 1134 ; his voyage, 201 
Gamhetta, Leon, French Dictator, 5240 
Gambia, Britisli pos.scssiou, 3454 ; 

cotton production, 383, 380 
Gambia, river, 3452. 3453 
Ganihier, use, 46.58, 5779, 5906 
tJamhogr, source of (‘oloiir, 5145 
Game, birds, etc., carving, 5934, 6936 ; 
choosing, 1228; cooking, 1874 ; 
dietetic value, 3311; kinds in 
sca.son, 1531, 1532; sale by 

poulterer and game dealer, 4712 

— birds {Gallinct), dcseription, 2212 

— dealers, licenee, 4712 

— fowls. ])()ints of breed, 4953 ; Englisli, 

5624 ; Indian, 4660, 4662, 5623 ; 
types, 6080 

(iaines, effect on character and phy.siijiic, 
4388 ; iniporfancp in lite, 2672 ; 
psychological importance, 2548 
Gametic purity, Mendel’s dlacmM‘rv, 
1484 

Gamma rays, of radium, 2028 
Gaininot, in carpet weaving, 3357, 3992 
Gang mill, in cutting. 2402 
(iangers, railway, 4591 
Ganges, river, 2818, 2821, 2822, 2818 
Ganglia, of heart function, 1193 
thuiglion cells, function, 1942; in 
brain, and assiK'iation of ideas, 2805 
Gangnc, in metallurgy, 237, 3835 
tiangwuy, railway carriages, 2555 
(lanister, us furnace brick, 1045, 128.5, 
4749 ; description, use, 3941, 3942 
Gannct, clussiflcatioii, 2213 
(lanoidei, sub-order ol Hslkes, 3065, 3067 
Gantry, in building, 1172, 1173, 1453 

— masons’ t(x>l, 2840 

Gap cot'fticient., of dynamo, 1109 
Gaping, physical explanation, 130.3 
Carabit bridge, stmet.ii re, 2730, 2740 
Cirarages, equipment, 3878, 3879 
Garden, 6205 ; aspect, 6205, 6206 ; 
beds, 6206 ; borders, 6206 ; cost, 
6832 ; flower and kitchen, pro- 
portion of, 620,5 ; front, 6206 ; 
laying out, 6205, 6315 ; refuse 
destruction, 6204 ; rock, making, 
6320, 6321 : screen of trees, 6206 ; 
piimlJ, laying out, 6315 ; tools, 
6316 ; trees in, 6316 ; walks and 
jiathH, laying out, 6206 
Garden-cress, classiflcation, 352 
Gardener, duties, privileges, 1001 ; 

prtwpects, pay, etc., 6833 
Gardenias, culture, 6533 
Gardening, business of, 6832 ; digging, 
6203; draining, 6203 ; flowers and 
ferns, 6487, 6488, 6480-6401, 6492, 
6493 ; levelling, 620:1, 6204 ; pre- 
paration, laying out, and arrange- 
ment, 6203, 6204, 6206; «6ll, 

6203 ; trenching, 6203, C204 ; 

women’s training, 322 

— Jobbing, florists’ side-line, 2628; 

by nurseryman, 6833 
Garden-seat, omnibtis, described, 2466 
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Garden-warbler, classification, 2210 ; 

nosf, preceding 2497, 2506 
GarRct. in cattle, 2623 
Garibaldi, Italian patriot, 6303 
Garraenta : nee ('iothing. Dress, etc. 
Garnet, composition, kinds, properties 
and sources, 6H52, 5854, 5855, 6737 
Garnet-paper, use in shoe factories, 813 
Garnett, Richard, 2617 ; as poet, 1438 
(iarnierite, nickel ore, 5982, 6737 
(Jaronne, river, course, 1 684 
Garrick, David, ns dramatist, 1151 
Gas, elastic force, Doyle’s law, 5414 ; 
in |)ower production, 5127 ; use 
in thermometers, 1566; wrouKht- 
inm tubes for, 5328 ; varieties of, 
6817 

— coal, analysis, 6823; balloon infla- 

tion, 3977; cost, 6152; burners 
for, kinds and fittings, 6026 ; 
as illuniinant, 5193, 6025, 6822 ; 
manufacture, 7-6821 ; measure- 
ment with Lunge’s nitrometer, 
6587, 5588 ; use as power for 
engine, 5414 ; tar, 1163 : see aleo 
Goal tar; tests, 6823 

— natural, occurrence and tise, 5306, 

6153, 6818 ; Appalachian wells, 6014 

— see also Gases below, and specific 

kinds — e.g., Producer, Water, etc. 

— brackets, kinds, fittings, 5799 

— burners, 6026 

— carbon, 1157 

— company, bookkeeping, 3332, 3569 

— engine, 520, 6785 ; place in power 

development, 5010; for water 
transit, 2278 

— engineers, municipal career, 575 

— tire, advantage of, 5195 
(iaslltters, employment conditions, 

2644; W'ork of, 2218 

— fittings, fixing, 5799 ; pipes and 

liftings, 5798, 6831 ; use, 5327 

— holder, ^828 ; eolumns, 209 

— lighting, first use in streets, 128 

— lime, as manure, composition, 590 

— licpior, products, 4775, 4776 ; yield 

from varieties of coal, 5461 

— meter inspectors, 1498 

— meters, kinds, capacity, 5798, 6831 
— , oil, uses, transport, 6149 

— pendants, attacliment, 5799 

— pil»eH, capacity, 5797, 5798; fixing, 

5798 ; screws for, 3004, MOH ; 
scrvic;e and composition pipes, 5798 

— stoves, for cookery, 3313 ; inanage- 

inent, cleaning, 1227 
Gasc»>ignc, Gei»rge, dramatist, 678 
Gaseous fuel, for furnaces, 3108 

— pressure in piiysics, 1267 

Gases, Avogadro’s law, 096, 1914 ; 

Hoyle's law, 1802, 1804 ; con- 
ductivity, 4103, 4699; critical 

temperatures, 1741 ; Gharles’a law, 
1566, 1805; Dalton's law, 1805; 
diflfiision of, 1302 ; distinction from 
other fluids, 1142; ionisation, 
4103, 4699; kinetic theory, 1267; 
liquefaction, 4560 ; magnetic pro- 
perties of, 4245 ; molecular motion, 
1266; specific gravity, 799; 
volcanic, geological action, 1207 : 
see also Air, Atmosphere, Hneu- 
maties 

Gasolene, 1164, 0118,6818; motor, in 
submarines, 2280 

Gassing, spun silk manufacture, 259(!, 
2598 ; thread, 2708 

Gastralgia, causes and remedies, 5842 
Gastric juice, analysis of, 578 ; func- 
tions and action, 674 
Gastric mill, of craytlsii, use, 3807 
(Jastritis, in horses, 2620 
Gasworks Glauses Act (1847), 1078, 
6821 

Gate, field, types, 4645, 4640 
Gate, in mining, 3561 

— in railway construction, 8613, 3615 
Gate of Lions, Mycenjc, 2857, 2858 
Gateaux, pet its, recipe, 2332 
<4ateshead-oii-Tyne, industries, 1272 
Gathers, in dressmaking, 3337, 3338 ; 

milliner’s, 4665, 4566 ; in neeille- 
work, 161 ; in underclothing, 3337 
Gattamelata, Donatello’s equestrian 
statue, 3676, 3677 


Gauge, accuracy, 4710 ; carver’s, 
5809, 5810; depth, 4705, 4709; 
intermediate standards, 4702 ; use 
and varieties, 3386, 3387, 3388, 
4701, 4702, 4707 

— lens, testing, 6125 

— limit, use, 4705, 4710 

— long tooth, in joinery, 5298, 52U9 

— marking, use in planing, 3756, 3769 

— mortise, 4040. 4041 

— plasterer’s, 5497 

— plug and ring, use, 4705. 4709, 4710 

— points, use: by competitor, 5 159 

— river, V-noten type, 5114. 5115 

— rod, construction, 4705, 4709 

— screw-thread, use, 4705. 4710 

— in slanting, dotlned, 4866, 4867 

— snap, designs, 4705, 4710 

— spacing, use in railways, 4591 

— surface, construction, 4703, 4706 

— wire, 5169, 5170 
(jauge-board, jdastcrer’s, 5496 
Gauged stnlF, in plastering, 649, .5499 

— work, in building, 1950 
Gauge-book, plumber’s, 5029, 5030 
Gaul, early history, 2241 

Gault, cement, 1579; strength, 1520, 
-1521 

— bricks, description. 1917 
Gauntlet, princess robe, 2206, 2208 
Gauss's method, of w'cighing, 62 
Gautah, measure*. 410 

Gautama, Huddna, idea of organic 
evolution, 5386 

Gautier, 1‘cter : see Peter the* Hermit 
(iaiize, weaving and design, 3156, 
3685, 3912 

Gaveston, Piers, career, 3075 
(iavottes, practice lor sight reading, 
2024 

Gay-Lussac, law, in piiysics, 1566 ; sul- 
phuric acid apparatus, 4627 
Gaz )Miuvre, manufacture, 6818, 6827 
Gazelle head, stuffing, 6328, 6329 
Grant, ftlaeier du, glacier, 461 
Gear, angle spur, 3922 ; automatic 
exiiansion, fiinetion and value, 
5645 : bevel, 3<)22, 3923 ; bicycle, 
calculation, alteration, 3773, 3774, 
3775 ; books on, 5595 ; chain, 
5354 ; in friction gearing, 5355 ; 
see also F’riction gear ; helical, 
3921, 3922 ; internal, 3921, 3922 : 
of lathe, types, 4913, 4914, 4916, 
4918, 1920 ; machine cut, 365(5, 
3657 : mitre, 3922 ; raw hide, 
392 1 ; screw, 3922, 3924 ; spur, 
3638, 5208 ; stepped, 3921 ; 

toothed, 842. 3638. 3657, 5354 ; 
W(»rm, 3924, 3925, 5354 

— barring, of engine, 1427 

— cutters, variety of, 3321 

— cutting, 36.30, 3631, 3632 

— drive, of lathe, action, 4911, 4920 

— wdieel, ealeiilating centres, 3692 

— wheel blanks, milling, 3402 
Gedda gum, 810 

(tcese : see Goose 

C5eikie, Sir A., geologist, 1007, 2786 
(ielatin, chemistry of, 4134, 5361 ; 

casting mould with, 1673 ; a 
colloid, 4698 ; d.vcing, 6770 ; 
maHufactiirc and analysis, 5357 ; 
a protein, 4134; uses, varieties, 
810, 5362 
(Gelignite, 6763 
Gemini, sign of Zodiac, 6251 
Gemmation, of cell, human, 190 ; 
reprodnetion by, 381 ; of sea 
anemones, 4083 ; of yeast plant, 
2878 : see also Hudding 
Gemmnles, of sponges, 4087 
Gems : see Precious stones 
Gender, in Knglisb grammar, 116, 123 

— I'Yencb irregular, 1052 ; nouns, 905 

— (Tcrman feminine, 1189 ; nouns, 1054 

— Italian adleetive, 2631 ; rules, 2192 

— in Spanish, 2040, 2343, 3792 ; ad- 

jective forms, 2481 
Genera, genus, in biology, 136, 380 
General ledger, function, 778, 2981 

— adjustment aceount., purpose, 2982 
General manager, railway company, 4227 

retail business, duties, 6054 

General Post. Offline : see Post office 

— servant, duties and routine, 1091 


Generalisation, in logic, defined, 6000 ; 

teat by deduction, 6001 
Generation, continuity of, 1314 ; spon- 
taneous, theory, 28, 90 
Generator, of cycloidal curve, 1414 

— in electricity, scope of term, 1104; 

see Dynamo 

— gas, 6818 

— in telegraphs, Wheatstone, .5 J77, 5178 
Genesis, Hook of, 667 

Genetic psychology, scope, 3117 
Geneva, made a republic, 4399 ; inter- 
national eonference (1872), 5976 
Geneva spirits, 859, 2879 
Genghis Xhan, campaigns in China, 218 
(Hmitive case, government by, German 
adjectives, 3931 

— Gre(‘k, 6526 

— Latin rules and idioms, 900-901 
Genius, how far due to observation, 

1882; Myers’ definition, 3183, 
3383 ; due to psychical variation, 
5387 ; transmission by books, 5388 
Genoa, description, 2230 ; carliesthistory 
as a republic, 2946 ; loss and gain 
of prosperity, 4520 ; tonring, 947 
Genoese, shipping, 5256 
(iens (French grammar), gender, 5512 
(ientians, in botany, 354 
(Gentlemen’s outfitters, business, 2722 
(ienns, in natural science, 136, 380 
Geograpliical distribution, meaning, 
279 

Geograi»liy, carlography, 459, 460 ; 

definition and seope, 10 ; bearing 
on sociology, 3989 ; of countries, 
etc : see under specific names 

— commercial, agricultural products, 

4873 ; economic regions and their 
products, 5379 ; food crops, 4959 ; 
mineral products, 5302 ; natural 
products, 4873, 5117, (-880 
Geok>gical map of Hritish Isles, facing 
1921 

Geological survey, agents, 1146 ; con- 
sultation by prospectors, 2581 
Geologist, outfit of, 896 
Geology, books on, 2255 ; dictionary 
r>f, 2257 ; disintegrating agents, 
1499; distribution in time, 137; 
dynamical, volcanoes, earthquakes, 
1205 ; earth’s crust, changes, 1352, 
1921 ; erosion, 1633, 1813 ; glaciers, 
action, 1633 ; periods and fossils, 
resulting biologicul theories, 1177 ; 
l)al}e(>l)()tanieal periods, 1116; 
plant and animal agencies, 1813 ; 
relation in biology (pahvontology), 
1031, 1177; rocks, classification, 
896 : see also Rocks ; strata, classifi- 
<‘ati()n, 535 ; systems, survey of, 
2253 ; of Fnitcd Kingdom, 52S 
Geometrieal drawing, 284, 470, 492, 
739, 792, 1012, 1084, 1251 
tieoinetrieal iirogressicm, 3911, 5338 
(-Geometry, plane, abbreviations, defini- 
tions, axioms, 4207 ; books on, 
2033, 6790 ; application to de- 
sign, 2321 ; glossary of terms, 
285 ; prtip. 1, 4208 ; propns. 

2-5, 4330 ; propns. 6-9, 4:i31 ; 
propns. 10-14, 4477 ; propns. 1.5- 
18, 462'.{ ; propns. 19-21, 4624 ; 
propns. 22-24, 4723 ; propns, 25- 
28. 4724 ; propns. 29-30, 4905 ; 
pn>pns. 31-32, 4906 ; propns. 33- 
36, 5043 ; projins. 37-39, 5044 ; 
propns. 40-4 4, 5197 ; propns. 45- 
49, 5198; propns. 50-51, 5337 ; 
propns. 52-54, 5338 ; ]>ropns. 55- 
59, 5472 ; propns. 60-62, 5473 ; 
propns, 6.3-71, 5635 ; propns. 72- 
77, 5783 ; propns. 7S~85, 5943 ; 
P.vthagoras theorem, 6043 ; ratio 
and area, 563.5 ; ratio and pro- 
portion. 5337 ; linear perspective, 
595.600; postulates, 4208 ; pro- 
blems, 4208 : similar figures, 6472 ; 
tiieorems, 4208 ; see also under 
separate headings — e.g.. Angle, 

Circle, etc, 

— practical, 280, 473 ; in drawing, 284 ; 

instruments, 284; use of scales, 
triangles, 494 ; use of sector, 494 ; 
see also Drawing 

— solid, 1747; practical, 2006 
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CleO--OI» 


George I., King of England, proclaimed, 
4952 ; descent, reign, 5564 
George II., of England, reign, 5554 
(George III., of England, reign, 5555, 
6685, 5973 

George IV., of England, reign, 5686, 
5686 ; Holy Alliance, 5975 
George I., King of Greece, rnle, 6448 
Georgia, state, products, 4172, 4174 
Georgian pitch-pine, timber, 54 
tleotectonicR, implements used in, 897 
Geraniol, in essential oils scries, 4968 ; 

use in perfumery, 4971 
Geranium, culture, 6492 ; wild, 507 ^ 508 

— order, cUvssifleation, 353 
Gerber, milk testing machine, 4038 
(lerman Empire, political entity, 1974, 

6445 ; in Middle Age^, 4398 ; 
Spanish and French trade, 5823, 
5824 

- language, atflrmation, 3502 ; English, 
relation to, 248 ; prefixes, verbal, 
1878: puncfuatioii, 4363; sen- 
tences, elliptic, 3789 ; tourist 
vocabulary, 1956 ; translation 
charges, 1920 ; travellers’ phrases, 
1956 ; words, position of, 3503, 
3645 

— sauce, recipe, 2004 

German silver, 360, 1042, 3940, 598:1, 
6311 ; electric resistance, 672, 
1397; electroplating, 3421,3940 

— sixth, in harmony, 5r*7 

t^ennaiiic races : Tcuttuiic 

Germaniens and Roman frontier w'ars, 

1830 ; Tiberius's jealousy of, 1831 
t^ermauium. 401 

•Germans, phlegmatic temperament, 5701 
Germany, ani inc dye industry, 642 ; 
asphalte deposits, 1164 : beer con- 
sumption, 3377 ; climate, 1974 ; 
coalfields, 5302, 5304 ; coins, 

weights and measiu’es, 409 ; 
colonics (Africa), 630, 3278 ; New 
Guinea, 3697; craniology, 1786 ; de- 
pendencies (Pacific Islands), 3902 ; 
economic conditions, 5825 ; electri- 
city, develojunent, 131 ; engineer- 
ingprogress, 5594; forest industries, 
641, 4603: gcouraphical accouiil. 
IU7'2, 1974, 1970 \ g(»!d points, 

determination, 3973 ; Gothic archi- 
tecture. 3374 : industrialism prosti- 
tuted to militarism, 5097 : iron 
and steel output, 5307 ; language ■ 
ffcc German language ; literature, 
3782: literature, influ- 

eitce on modern English wTiters, 
2:508 ; medical ]jrot'ession, 5429 ; 
military systen», 2947, 5096; 

Nfirthern, geography of, 1975 ; 
Iiaiuting, fifteenth century, 4117; 
jtetroleum deimsits, 6008 ; pro- 
ducts, .’>825 : population, 62ff ; 
railways, high-speed electric, 2276 ; 
Jthine basin, 1836 ; Renaissance 
architecture and sculjdure, 3946 ; 
wience and maimfact tires, 3711 ; 
touring directions, 857 ; trade, 
5826, 5825, 5826, .5381, 5659, 5708, 
5664 ; Trajan’s wars, 2060 ; woman 
question, 4976 ; w’ool trade, 72 

— history of, earliest days to Otho I., 

2047 ; early Middle Ages, 2241 ; 
Middle Ages, 4398 ; Thirty Years’ 
War to William II., 6445 
Germ-hag, of liver fluke, 3959, 59G0 
Germ cell, 484 ; iub trii characters, 
485 ; inftiienee of environment, 651 ; 
heredity, 1414 ; purity (biol.), 1484 
tJerminal, in biology, 485. 1587 

— selection, iJr. Heard, 1180; Weiss- 

nianii’s theory, 1180 
Germination of ferns, 1116; malt, 874 ; 
of plant seeds, 447, 350, 635 ; 
of wheat, 914, 915 

Germ plasm, alcWiol effect, 5674 ; 
Beard’s theory, ^180; continuity 
of, 381, 1313; J)e Vries’ mutation 
theory, 1181; Weissmann and 
Beard, 1180 

Germs : »ee Microbes and Bacteria 
Gerund, in English, 756 

— in German, 3502 

— - in Latin, 244, 13:U 
Gerundive, I.atin, 604 ; *iyiitax, 1S34 

GBoO 


Gervais chocse, composition, 4490 
Ge.s8o, in tempera painting, 1023 
Gesture, in acting, 6865 
Geta, son of Severus, citreer, 2071 
Getting, in civil engineering, 3171 
tJeysers, action and distribution, 459, 
1207, 1208 ; New Zealand, 3900 ; 
Yellowst<3ne Park, 4062 
tihats. Western, bursting of monsoon, 
2715 ; effect on rainfall, 4495 
tihiberti, sculptor, 3676, 4077 
Gliirlandajo, painter of *' The Birth of 
the Virgin,” 720 

Ghosts, beliefs and sGiries, 3625, 6722 ; 
phautasnm of the dead, 3026 ; 
phantasms of the living, 3625 ; 
see also Spectres 

Giant’s Causew'ay, 1008 ; jointing, 1925 
Gib, of king post, 5792, 5793 

— of latiie, use, 4915 

— term in technical drawing, use, 3133 
Gibbon. Edward, hi.storiaii, 2054, 2055 : 

on peace, 5 J98 ; on Fielding’s 
work, 3130 ; on reading, 106 
(libraltar, 2232: capture (j704), 4951 

— Straits of, 853, 3275 
Gifford, Wiiliam, ptjems, 1304 
Gig, vehicle, description, 2466 
tiilders, picture frame w'ork, 4610 

♦ hiding, electro, current density, 3422 

— in illumination, 6275, 6276 
-- jewellers’, 5858 

— metal, composition, 3940 

— pottery, 5:{84 

— in printing : see Bronzing 
Gill, amphibian's. 2800 

— in fish, 3068 , 3071 : respiratory 

system, l:t00 : in land animals, 29 

— measure, 226 

— of mushrooin.s, 166 

— of mussel. 32S4 

— of sea snail. 3113 

— of shark . 3005 

— tadpole’s, 2801, 2802 

Gill bearers, classification, 3361, 3806 
(hll-box, textile, 1723, 1724; drawing 
process, 2291 ; worsted drawing, 
2099 

< Mll-f(K)tcd cnist4iceans, 3809 

♦ hliiiig, lienip, 1886. //i7>7, 2291, 2292, 

2293 ; wool, 1723, 1724 
Gilmour fire-resisting doors, 4760 
Gilt, in framing, 2367 
" Gilt-edged ” securities, 3483 
thmlet, use, 3.386, 3387 \ twist, 4479 

♦ timnier, in farming, 2360 
Gimp, chair upholstery, 6717 

Gin, adulteration, 3718; alcohol per- 
centage, 1035 ; constituents, 3316 
Ginger, 4721 ; classification, 355 ; coated, 
4720, 4721 ; cultivation, 4959 ; 

scraped, 4720, 4721 
(.hnger beer, preparation, 6393 
Gingerbread, recipe, 2332 
Ginger nuts, baking, 3594 
iiiniiing, in cotton manufacture, 388 
Giorgione, painter, 3796, 4299 
Giotto, painter, 3518; landscape 
settings, 4299 

Giovanni da Bologna, sculptor, 3678 
iJipsy moth, caterpillar, 3514 
thralfe, plate facing 1491 ; hides as 
belting, 3712; horus of, 811; 
neck evolution, 82.5 
(iirard turbine, 1089, 1692, 1093, 1695 
Girder, books on, 5.596 ; box, 544 ; in 
bridge building, tubular, 2408 ; 
in carpentry, 4640, 4641 ; carry- 
ing capacity, 1987, 1988 ; com- 
pound, 2198, 2199 ; of engine 
frames, load (;alculation, 4206 ; 
fire protection, 4754 ; in floor 
construction, 4445, 4447 ; in 

foundations, 335 ; framed, 542 ; 
punching, 1222, 3005 ; reamering, 
3095; strength of, 1986, 1988, 
2197, 2199, 2200 ; stresses in steel 
construction, 2227, 2228, 2229 ; 
in structural ironwork, 5791, 5793 ; 
Warren, 540, 541 ; web and flange, 
.544 

— of sliip, erection, 5740 ; frame, use, 

5400 ; intercostal, 5740, 5741 ; 
stress calculation, 6223 
(hnler section : see Joist section 
tiirdtT tool, use, 2458 


Girls, hygienic clothing, 4863 ; dress, 
4472,4470 ; ednc 4 itlon, 3505; height 
and weight, 4529 ; physical exer- 
cise, 4388 ; wardrobe, 4473 
Girls’ Public Day School Company, 
teachers’ salaries, 6476 
Girths, harness makers’, 4885 
Girth strap, of harness, dimensions, 
4886 ; saddle, making, 5340, 5341 
Gissing, George, novelist, 3442 
(lizzard, of birds, 578 
Glaci? kid boots, 1326 
Glacial Period, 2255 ; order, 2067 
Glacier, description, formation, trans- 
port, 1636, 1638 ; erosion, 459, 
401, 1638 ; evidence of in Great 
Britain, 2255 ; movement, 1636, 
1740 

— Alpine, description, 1837 

— Bondhouse, erratic blocks, 1035 
Glacier des Boissons, Switzerland, 946 
(iladiolus, 355 ; culture, varieties, 6490 
Gladstone, W. E., career, 6694 
(Tlairc, in bookbinding, 6778 

Glance, nickel ore, 5982 
Gland, engine cylinder, use, 5641 
Gland, lymptiatie, 1195, 1190 

— niilk, of mammals, 30 

— saliva-forming, 577, 578 

— vascular, 1194, 1195 

Gland patterns, moulding, 2540, 2541 
< handers, in horses, 2620, 5412 
< Glamorgan rattle, colour. 2236 
Glamorganshire, geography, 1277 
Glasgow, commerce, industries, 1066; 
munieipal activities, 317 ; trade 
and irajiorts, 6000 ; tramways. 
573, 1498, 2274 

Glasgow and S. W. Railway, signalling 
system, 4689 

Gla8<, annealing, 4.531, 4534; antique, 
use for stained windows, 4946 ; 
bevelling, 4932 ; black, composi- 
tion, 4930 ; blown, manufacture, 
4736 ; Itlue, composition, 4930 ; 
boring with sand, 4932 ; ciieniical 
composition, 1160 ; coloured, 
manufacture, 4930, 4045, 5838: 
see also Stained glass ; con- 
stituents, properties, and varieties, 
813, 4531 ; crackled, manufacture, 
4930, 4931 ; cutting and decorat- 
ing, 4931, 4-932; dealers in, busi- 
ness, 1893 ; as electrical insiilator, 
672 ; etching, 49:i2 ; Are -resisting, 
4752, 4753, 4754 ; furnaces, 4542 ; 
gilding process, 4932 ; green, com- 
position, 4030 ; heat and light 
rays, effect on, 5193 ; iridescent, 
manufacture, 4930 ; manufacture, 
4541-4540 ; muscovite as sub- 
stitiite, 812; ornamental, 4930, 
4931 ; platinising, 4932 ; pris- 
matic, 5838, itS 9 ; in shop fronts, 
securing, 5295, 5296 ; silvering on, 
361 ; smoothing and jiulisliing, 
4931 ; soldering to metal, 6460 ; 
solvent, 5528 ; specific gravity, 
1702 ; for spectacles, 3372 ; stained : 
see Stained glass ; static electri- 
city, charge, 3579 ; strengtii, 1701, 
1702 ; transparency of, 2436, 6838 ; 
water : see Wator glass ; weatlier- 
ing, 4531; weight, 1702; wired, 
manufacture and use, 4735 

— see also particular varieties — e.g., 

Astralite, Baryta, Crown, etc. 

— bevellers, employment conditions, 

2654 

— bottles, manufactiure, 4736, 4730 

— funnel, in analysis, 4406, 4412 

— houses, 6330 ; insurance, 6836 

— mosaic, process, 5838 
— - papering, 6589, 6591 

— pots, manufacture, 4631 

— trades, employment conditions, 2653 

— tubing, manufacture, 4736 
Glass-blowing, process, 4750 
Giass-eutting, 4146 

Glass frame, of brougham, 2829, 2831 
Glassing, leather, 3219, 3221 
Glassw'orkers’ tools, 4730 
Glauber salts, 6737 ; adulteration of 
soda, 4774 ; use In dyeing, 5637, 
5780, 5954 ; see also Bodlura sul- 
phate 
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Elaze» china, preparation, 5609 

— in faience, pUUe facing 2785 

— Parian ware, composition, 5607 

— iiottery, plaJc facing 5268 ; com- 

position and use, 6236, 5395, 6777 
Glazed bricks, 1520, 1948 
Glazier, 6836 ; employment conditions, 
2644 ; tools, 6836. 593P 
Glazing, bricks and tiles, 644-646 

— in building, 5838-5840; putty for, 

649 

— hollow china vessels, 5606 

— leather manufacture, 3219, 3220 

— applied to loaves, 3395 

— pottery, materials and processes, 

plate facing 5233, 6236, 5337 
•• Gleaners,” Millet’s picture, 342 
Glen Koy, parallel roads, 1353, 1354 
Glencoe, massacre of, 4843 
Glenmore, geography of, 1064, 1005 
Gliding joint, 1709, 1710 
Glissandu, in harp music, 3529, 5734 
Glisse, in guitar playing, 3762 
Globe, in drawing, envelope, 4522 
Globe iish, rounded body, 3957, 3069 
Globe granite, concrete, 634 

— scrolls, of van, 2820 
Olochidium, life history, 3285, 3286 
Glockenspiel, 5568, 5734 
Glomeris, British millipede, 3362 
Gloria, dress material, dyeing, 6503 
Glossing, in laundry work, 2011 
Glossites, disease, 6132 

Glost tiring, pottery, 6237 
Glottis, 2539 ; in singing, 6048, 6040 
Gloucester Cathedral. 1276, 3233, 3374 
Gloucester cheese, composition, 4400 
Gloucestershire, geography, 1276 
Glover, business of, 2868 
Glover tower, sulphuric acid, 4628 
Gloves, leather, tawing process, 3163, 
3164; manufacture, 5470, 5481, 
5482 ; use of ratskin, 066 
Glow lamp, electric, manufacture, 2613 
Glow-worm, emission of light, 3511 
Gloxinia, class! ftcation, 354 
Glucose, in making caramel, 4165 ; 
duties on, 4558 ; in dyeing, 5782 ; 
in food manufacture, 4556 ; in 
jam-making, 4847 ; making and 
refining, 4555, 4558, 4559, 5364 ; in 
marmalade-making, 4848 ; starch, 
conversion to glucose, 5364 ; ttist, 
4557, 4558 : see also l)extrose 

— syrup, manufacture, 4557 ; use in 

manufacture of golden syrup, 4455 
Glucosidcs, properties, products, uses, 
4013, 4014 ; spelling rule, 3825 
Glue, adhesive properties, 5362 ; 
ancient use, 5357 ; books on, 6080 ; 
chem cal co nposition, 5 tU0; 
chemical reactions, 5361 ; dis- 
solvii^, 5862 ; dyeing, 6770 ; 
‘‘fibrin,” preparation, 5360 ; Kiss- 
ling’s test for temcity, 5361, 
5362; Kjedahl estimation, 5361 ; 
Lippowitz test for consistency, 
5301 ; making, 3846 ; manu- 
facture, 5357, 5358 ; preparation, 
materials, 810, 811 ; tource and 
kinds, 6357 ; uses, 3846, 6362 
— , bone, inahufacture, 5357 
— , fish, manufacture, 5360 

— ‘‘ Kussian,” manufacture, 5359 
Glue blocks, of brougham, 2829 
Glue-tpiiter, construction and use, 5358 
Gluing, in wood jointing, 3845, 3846, 

0580 

Glume : wc Bract 
Glumifiorse, classification, 355 
Glut weld, 2980, 3096, 3108 
Gluten cells, of wlieat, 014, 915 
Gluten feed, as livestock food, 2909 
Gluten, of flour, influence on bread- 
making, 3282 

Gluten meal, constituents, 5436 ; cows' 
food, 3892 ; as livestock food, 2909 
Glntin, in glue, 5360, 6361 
Gluttony, harmful ness, 3600 
Glycerides, chcinlsiry of, 4829 
Glycerin (glycerol), composition, manu- 
facture, kinds, 4967 ; discovery, 
61 ; dynamite, 4967 ; production, 
formula, properties, products, uses, 
8271, 4967 ; Bapontneatiom 3485, 
4967 : Boap-lye, 4967 


Glycerol : see Glycerin 
Glyceryl, formula, 3271 
Glycocoll, formula, 3818 
Glycogen, animal starch, 580 ; in 
human system, 677 ; production, 
relation to dextrose, 3706 
Glycols, dihydric alcohols, 3142 
Gnat, description, 3721, 3723 
Gnathic index, explained, 1786 
Gnawers, fecundity, 2156 ; flying, 2037 
(fneiss, 898, 1075 ; constituents, 530, 535 
Gnu, hide used for belting, 3712 
(4oaf, in mining, 3560, 3561 
Goat milk, 3311 ; even-toed foot, 1870 ; 

skins and furs, 6427, 6430 
Goat-moth, larva, 3514 ; pest, 4926 
Goatsbeard, seed dispersal, 900, 012 
(Goatsucker, classification, 2211 
God, in Myers’s theory of life, 3384 
(iodwine, Karl of West Haxons, 2358 
Goethe, poet, eulogy on Carlyle, 2452 
iioffering in laundry work, 2910 
Goitre, Derbyshire neck, 1195 
Gold, 6737 ; alloying, 5856 ; alloys, 
6856 ; alluvial, proving, 2665 ; 
amalgimatioii, 5847; annealing, 
6524 ; in art metal-work, 5521, 
5524 ; assaying, 5849 ; books on, 
4860, 5860; buUion, 5848; Cali- 
fornian production, 5662 ; casting, 
5858 ; check assays, 5850 ; cliemi- 
cal properties, 1448 ; colouring, 
5858 ; conductivity, 672, 1397, 3838, 
3839 ; crushing, 3770 ; cupella- 
tioii, 5848 : deposit in copper 
refining, 5754 ; deposits, 5307 ; 
distribution, 360, 3771 ; electrical 
resistance, 672 ; electro-cliemical 
ciiuivalent, 3262 ; as exchange 
medium, 5850 ; extraction, 360, 
4305, 5755, 5847 ; fine, standard 
rates, 5857 ; gilding. 5858 ; “ gold 
fevers,” 5307 ; hall-marking, 5860 ; 
hydratilicing, 2050 ; melting, 5858 ; 
luicro-structurc, 3939 : plate pre- 
ceding 3937 ; New Zealand output, 
3902, 5661 ; occurrence, 1448, 

4304, 5847 ; parting, 4305, 5848 ; 
physical properties, 672, 1396, 3837, 
4304 ; placers, 2377 ; in pottery 
colouring, 5382 ; prospecting areas, 
2581 ; properties, 4304 ; recovery 
by electricity, 5756 ; recovery, 
lead method, 4304 : see also Gold 
extraction ; refining, 4305, 5848 ; 
refilling, electrolytic, 5848 ; sluic- 
ing, 2059 ; solder, 5523 ; specific 
gravity, 799. 1078 ; strength, 

1396 ; tooth-filling material, 5553 ; 
toughening, 5848 ; transnuitation 
and the new alchemy, 1448 ; 
washing, 361, 3770; W. Australia 
export, 3900 ; world’s output, 
5307 ; Yukon. 4175 

— amalgam, purification, 5847 5840 

— carats of, 5523, 5856 

(Gold Coast, assistant district commis- 
sioner, 3548 ; cotton, 385, 386 

— coinage, British, 360, 5850 

— coins, composition, legal standard, 

circulation life, coinage, 5851 

— leaf, making, 361 ; burnishing and 

stamping in illumination, 6276 

— mine, initial cost, 2847 ; cautions 

to investors, 348 1 

— ore, assay, 5849 ; sampling, 5850 

— points, foreign excliaiige, 3682, 3972 

— quartz, gold extraction, 4304, 4305 

— wire drawing process, 5857, 5858 

— work, 5087, 6856, 5857 ; b(H)ks on, 

5860 ; nations productive of best 
collecthms, 5521 ; Greek, 2857, 
2858 ; periods, 5856 ; modern, 5856 
Goldbeater’s skin, 361 ; for balloons, 
3977 

Golden eagle, 2213 

Golden saxifrage, fertilisation, 730 

Golden syrup, adulteration, 3718 ; 

manufacture, 4455 
Goldfinch, 2209 ; plate facing 2209 
Gold-silver button, in assaying, 5849, 
6850 

Goldsmith, Oliver, poet, 994, 995; 
dramatic works, 1151; prose works, 
2053 ; travels, simplicity, 213 ; 

Vicar of Wakefield.^’ 3131 


Goldsmithing : see Gold-working 
Goiiatiis, testing, 3906 
Goloshes, manufacture, 5201 
Gomme, G. Laurence, career, 81 
Gommeline, uses, composition, 1169 
Gonda cheese, composition, 4490 
Goniometer, 766 ; use, 6122 
(Good, the, in Persian faith, 502 ; Plato’s 
teachings, 976 ; ultimate triumph 
of, 5389, 6390 

Goods account, defects of system, 2270, 
2272; stock entries, 2418; rela- 
tion to trading account, 2500 

— in brewing, 6057 

— delivery and acceptance, law, 0844 

— depots, railway, 5073 

— managers, railway, duties, 4227 

— railway, 5068 ; automobile trans- 

port, 5078 ; classification and rates, 
5076 ; settlement of companies’ ac- 
counts, 5101 ; traffic methods, 6073 

— staff, railway, list and duties, 5072 

— transport, law of, 6753 ; statistics of 

cost and speed, 2152 

— trains, in railway traffic, 6068 ; 

equipment of waggons, 5070 ; 
express, 5073, 5076 ; speed and 
carrying power, 2274, 5075 

— vehicles, classification, 2462 ; des- 

cription, 2403 ; railway types, 2555 
Goodwill, in balance-sheet, 2759 ; 
premium paid by new partner, 
2980 ; value in shopkeeping, 702 
Goose, bill, 2494 ; breeding, 5704 ; 
carving, 5934, 5935 ; choosing 
1228, 3717 ; classification. 2213 ; 
dietetic value, 3311 ; manure, 
5874, 5875 ; roasting, 1487, 1874 ; 
varieties. 5704, 5705 

— tool, in tailoring, 1110 
Gooseberries, bottling, 4846; culture, 

6678 ; protection against insects. 
ill4, 1115 

(ioosefoot : grass, 880 ; a weed, 1378 
Goose-grass, 354 ; seed dispersal, 912 
Goose-neck ladle, foundry, 2867 
Gordon Biots, account, 5555 
Gordon’s formula for columns, 540 
(ioreham process, cement, 1580 
Gores, in box-pleated skirt, 2409 

— in technical drawing, 4522 
(Jorge, at Victoria Palls, 1034 
(Gorgonia : see Pan-coral 
Gorgonzola cheese, manufacture, 4400, 

4574 ; dietetic value, 3311 
(Gorilla, skeleton, 1004, 1871; skull, 
1787 

Gorki, Maxim, on education, 1743 
Gorse, eltissification, 353 ; cross-pollina- 
tion, 732 ; in dry and w et air, 500, 
508 ; as live-stock food, 2005 ; 
moisture supply, 727 ; protect ioa 
against slugs, 1115; spines, luiic- 
tion, 1114 

(Gossamer, spinning, use, 3805 
(Jossc, Kdmund, author, 2053, 2687 ; 
as poet, 1438 

Gossypium, cotton plants, 5637 
Gothic architecture, history, in Europe, 
3373, 3375, 3517 ; books on, 2034 ; 
see also Architecture 

— art, history of, 3374, 3517 ; sculp 

lured ornaments, 1210 
Goths, invasion of Prance, 2915 
(Gouge, carver’s, 5809, 5810. 6045 

— for casting pattern-making, 2453 

— smith’s, described, 2983, 2985 
Goujon, Jean, sculptor, relief, 3947 
(Gout, cause, 3600, 4(H)8, 6037 ; and 

heredity, 1587, 2662; effect of 
hard water, 4158 ; symptoms, 
remedies, 6037 

Government, forma of, relation to 
militarism, 5098 ; influence on 
character, 4371 ; sociological pro- 
blems, 2549 ; monarchic and 
democratic forms, 5533 ; study by 
sociologists, 6533 ; various kinds, 
629 

— stock, British and foreign, 3484 
Governor, engine, mechanics of, 2017 ; 

Watts’s invention, 5416 

— gas, 5798, 6823 

Governor gear, 5913, 5014; Beilis 

engine, 5750, 5751 ; Brotherhood 
engine, 6072 ; Eobey, 6070, 6071 

6951 
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Gowns, infanta*, drafting, 3853, 3854 
Gracchus, Oai us, tribunate, 1382, 1383 
Gracchus, Tiberius, reforms, 1382 
Gradient, pulling Iforce required, 585 ; 
in surveying, 591 ; measured by 
clinometer, 803 

Grseco- Latin languages, list of, 1771 
Grain, alcohol from, 1035 ; cows* food, 
3892 ; dietetic value, 3312 

— apothecaries' weight, 226 

— system, in woollen industry, 2896 

— of wheat, 913-915 

— of wood, importance in carpentry, 

3539, 3541 ; planing, 3756, 3758 
(draining, leather, 3221, plate facing 
3217, 3219 

— roller, painters', 5829^ 5831 

— in house painting, 5834 
Grammalogues, shorthand, list of, and 

rules for, 429, 691, 837, 1039, 1234 
Grammar, analysis, 115, 1618, 760 ; 
Cobbett’s works, 2450 ; in writing, 
4579 ; parsing, 1617 ; value to 
logician, 6001 

Gramme dynamo, 129, 1323 

— Greek measure, 409 

Granary, construction, 2990 
Grand Alliance, object, 4843, 4951 
Granite, 529, 535, 987, 1007 ; in arti- 
ficial stone manufacture, 2428 
in building, 2838 ; components, 
geology, 529, 535, 1007, 1008 ; in 
concrete, 332 ; cutting, dressing, 
and polishing, 2838 ; erosion, 1814 
fireproof, 1752 ; foundations, 335 
jointing, 1925 ; for kerbing, cost 
2327 ; for paving, 3244 ; safe 
load on building materials, 1519 
strength, weight, 1518, 2838 , 

structure, 890, 897 ; weathering, 
3771 

— setts, road construction, 1980, 2181 

— syenitic, varieties, use, 529 
Granulose, potato, 3706 ; properties, 674 
Grape, crushing for wine, 6355 ; culti- 
vation in Ontario, 3205 ; cultiva- 
tion, W. Australia, 3235 ; culture, 
6070, M77 dietetic value, 3315; 
market price, 2536 ; sources, 4876 ; 
for wine, 6355 

— juice, unfermeiited, 6355 
Grape-sugar, manufacture, 4557 
Graphite, 1046, 1157, 6737 ; geologLcal 

classification, composition, 1074; 
for pencils, as paint, 1036 ; refrac- 
toriness, 3942 : see also Plumbago 
Grapnel, of balloon, 3979, 3980, 3982 
Grass, albuminoid ratio, 2706 ; British 
varieties, cultivation of, 875-880, 
1379 ; as cattle food, 2904, 3890 ; 
dyeing, 6652 ; ensilage system, 
1970; seed-sowing, 1847, 3256; 
structure, 351 

— order and ^oup, 355 

— walks, garden, making, 6206 
Grasshopper, classification, description, 

3303, 3364, plate faeiitg 3361 
Grassing, flax, process, 1 385 
Grassland, cultivation, 1379 
Grass-snake, feeding CApaeity, 2080 
Grate, fire, kinds, 5195 ; modern, with 
economiser, 6015, 0017 ; open, 
varieties, 6015, 0017 
Grating, cast-iron, uses, 5797 ; valved, 
use in ventilation, 6021 

— interference or diffraction, 3369 

— sewer, construction and use, 4459 
Grave accent, 124 ; special rules, 449 
Gravel, in building, 647 ; angle of 

repose, 2572 ; bearing power, 330 ; 
deposition, 1814 \ in foundations, 
143, 331 ; formation, 1072, 1813 

— paths, construction, 2427, 2430 
Gravel-dash, In building, 648 

<» raver, form and action, 4151, 4153 
(iravimetrie analysis, in chemistry, 
purpose, 4411; apparatus, 4407 ; 
examination of various substances, 
4413 ; see also Chemical analysis 
Graving dock, caisson for, 2889 
Gravitation, law of, 663, 797 ; equili- 
brium under. 799 ; Galileo’s ex- 
periment, and Newton, 36, 36 ; a - 
generalisation, 6000 ; in hydro- 
statics, 1077 ; inverse squares law, 
466 ; mass and w’eight, 312 ; 
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Newton's induction, 6002 ; applied 
to planets, 6242 ; and radiation- 
pressure, 938, 939 ; result of univer- 
sal application, 402 ; theories of, 
036 ; truth of, 663 ; the sun, 664 ; 
universality, 6243 ; and weight, 
423 

Gray, Thomas, poet, 994 
Gray’s Inn, fees, 163 
<Trazing, cultivation of grasses, 875-879 
Grease, properties, uses, 4832 

— extraction in industries, 4626 

— in horses, treatment, 2621 

— stains, removal, 2590 

— spot, Bunsen's photometer, 2436 

— trap, in drainage, 571, 572 
(ireaser, mercantile marine, 6807 
Great Barrier Reef, 558, 3700 

— Bear, constellation, 0110, 0117 
Great Britain and Ireland, afforestation, 

4602 ; agriculture, pasturage, 986 ; 
beer consumption, 3377 ; climate, 
984 ; cotton supply, 384 ; coal 
resources, 987, 5302 ; craniology, 
1780-, electricity statistics, 130 ; flax 
culture, import statistics, 716 ; 
exports and imports, 6004, 6005 ; 
hemp imports and former cultiva- 
tion, 718 : early inhabitants, 2354 ; 
geography, 980-983 ; geological 
map, facing 1921 ; geology, 528 ; 
industrial centres, 6003 ; industries 
and trade, 6003 ; iron deposits, 
5306 : leather trade, 2851 ; linen 
maniifaetnre, 1025 ; low lands, 
high lands, rivers, 984 ; popula- 
tion, 628 ; railways, 2274, 3052 ; 
rivers, 984 ; sea-flsliery regula- 
tions, 5317 ; submergence in 
Primary age, 1817 ; submerging 
600 ft., effect of. 982, 983-, tele- 
graph and telephone statistics, 
.1 30 ; tides round coasts, 556 ; 
timber supply, 4602 ; wheat supply, 
872, 914 ; wine consumption, 

3315 ; woollen industry, 72, 221 ; 
see also England 

Great Central Railway, distinctive 
mark, 5069 

Great, circle, meridian. 709 
Great IMvide, of North America, 4062 
Great dividing range, 3697, 3700 
Great Eastern Railway, liquid fuel loco- 
motive, 5100, 5107 ; signalling 
system, 4688 ; six-a-side carriages, 
2556 

Great Northern Railway, express gondi 
train, 5073, 5076 ; fog signalling, 
4692 ; steam rail motor car, 4811 
Great primer, type, 5028 
(4reat Wall of China, 216, 1278 
Great Western Railway, *' catcher ” 
apparatus, 4692, 4693 ; good;i 

depot, 5073 ; locomotive testing; 
plant, 5105 ; sciusd of signalliiig, 
4690, 4691 ; signalling system, 
4688 ; water softening plant, 5103, 
5104 

Greatest common measure, 339 
<4reathead shield, dc,scription, 1824 
Great man theory, in history, 3987 
Greece, architecture, 2134 ; coins, 
weiglits and measures, modem, 
409; craniology, 1 786 ; constitu- 
tion, 6448 ; economic conditions, 
5822 ; ethnology, 1790 ; geography, 
2165 ; population, 628 ; re- 
ligion, Egyptian influence, 420; 
shipping, 5255 ; silk industry* 
582 ; use of terra-cotta in, 2779 ; 
touring directions, 1525 ; trade, 
modern, 5822 

— ancient, art and architecture : 2857 ; 
artistic design, 2321 ; compared 
with Assyrian, 2658 ; drawing 
from life, 344, 345 ; ethics of, 183, 
184 ; influence on Etruscan art, 
2931 ; painting schools, 2930 ; 
ermanence, 142 ; influence on 
ersia, 2669 ; sculpture, 184, 345 ; 
general history, 2929, 2930, 2931 ; 
sculptured ornaments, 1216 
history, up to Macedon, 067 ; Mara- 
thon to death of Philip of Mace- 
don, 772 ; Alexander the Great, 
972, 973 ; invasion by Normans, 


2948; annexation, 1475, 6447; 

Turkish rule to present time, 6448 

— literature, aiieiwit, books on, 2787 ; 

classics of, 3781 ; Pericicaii Age, 
774 

— philosophy, Ionian pliilosophers, 34 ; 

psycliology of, 2012 ; Socrates, 
Plato, Arlstetle, Zeno, Diogenes, 
975 

Greek language, breathings, 5375 ; 
clasaicai and modern, 5374 ; order 
of words, 681K) ; root words, 
6810 ; syntax, rules of, 5520, 6657 ; 
translation fees, 1920 
Green pigment, 871 ; for j)oftery 
colouring, 5382 ; symbolisin, 725 ; 
manufacture, 5145 

— sand, in moulding, 2110 ; in ” sweep- 

ing up " moulding, 2459, 2460 

— core, explained, 2340 

— spa, marble, plate facing 48 ) 

— tea, detliied, 3378, 6553 
Greenfinch, nest, 2500 ; plate preceding 

2t97 

Green-flowered plants, 354 
Green fly, description, rapid i)ropa- 
gation, 3365 ; extermination, 1666 
Greengage, culture, 6678 ; preserving, 
4846 

Greengrocer, business of, 2869 
Greeuheart, timber, 57 ; strength, 1260 
Greenhouse, cost, 6832 ; glazing, r>83J» ; 

management, 6531 
Greensand group, in geology, 535 
(Jreenstone, 528, 535, 1008, 6737 
Greenwich Hospital, grants to seamen 
and marines, 4266 ; sciiool, for 
seamen’s children, 4266 
Gregorian calendar, adoption, 227 
(ireuze, painter, style, 4118, 4119 
Grey matter, of nervous system, 21i3 
Greywacke, stone, 1072 
Grilles, iron, c.unst ruction, forms, 
5795, 5797 

Grimm's law, rules and examples, 1771 
Grimsby, fish trade, 1273, 6316 
Grinder, of carviiig knives, duties, 5476 

— pneumatic, construction, 5454, 5450 

— in workshop practice, tests, 3965 
Grinding, with drilling wheel, 6452 

— in flour, milling machines, 3080, 

3083 

Grinding machinery, implements, varie- 
ties and function, 3320, 3401, 
3403, 3405, 6210-5274 ; disc 

grinder, 2792, 5210 ; shaft bear- 
ings. 062 ; spring lever, 830 

— mill, in brickmaking, 1282 

— stone, painters', 5829, 5830 

— wheels, 2021, 4583; composition, 

3406 

Grindstone, form and use, 3388, 4583 
flrip weld, 233, 238 
firipes, in horses, treatment, 2620 
Gritstone, c^omposition, 1072 
Grist, in brewing, treatment, 6057 
Grist-mill, in agriculture, 1850 ; in 
brewing, 6058 

Grizzles, bricks, colour, use, 643, 1947 
Grizzly bear, fur of, 6426 
Grocer, business of, 47, 3041, 3043 

— licensed, business of, 3045 
Grocers’ spirits licences, 5790 
Groove, of machine table, 3042, 3043 

— rope pulleys, 3428 

Grooving, in vehicle construction, 2833 
Grosbeak, communal nest, 2507 
Gross profit, compared wlWi net, 2271 ; 
trading account and trial balance, 
2500 ; in relation to stock in 
hand, 2418 ; standard rate cal- 
culation, 2420, 2421 
Giotius, Hugo, four kinds of war, 5245 
Ground brushes, painters', 5829, 6831 

— colour, in vehicle painting, 3480 

— Ivy, classification, 354 

— .swell, cause and effect, 6218 
Grounder, wood-carving tool, 6045 
Groundnut ; see Arachis 
Groundsel, classification, 354 ; farm 

weed, 1378 ; pine blister on, 4928 
Grorps, in drawing, shading, 1536, 1792 
Grouse, roasting, 1487, 1876 ; salmis 
of, cooking, 1876 

— bl ick and red. classifleation, 2212 
Grov 3 cell, electricity, 4fld 
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Growth, rate in diildren, 4864 ; peculiar 
to living things, 275 ; physio- 
logical account, 06 

Groyne, types, 5577, 5579, 6580 ; use 
and construction, 5578, 6498 
Grubl)er, in agriculture, 431, 1849 
(irttmenthal Bridge, dimensions, 2739 
Gruyfere cheese, 4490 ; manufacture, 
4675 

tluanaco fur, 6427 

(iuano, ammonia from, 4774 ; geological 
classification, 1073 ; as nitro- 
genous manure, 5587 ; Peruvian, 
and fish, composition, 590 
Guards, of railway g(X)ds trains, 5076 ; 
passenger, 4301, 48(»4, 4805 ; 

light waggon, 2829 , 2830 
Guardians, t)oardK of, constitution and 
function, 1851 ; officers, 1926 
Guard boards, scaffolding, 1170 

— books, in bookkeeping, 2269 

— invoice : see Invoice guard book 
Guardi, Praiuicsco, painter, 3797 
Gudea, King, statue, 2657, 2H58 
(bielpbs and Gbibellines, struggle, 4320 
Guernsey, building stones, 1618; 

dairy produce, 3551 ; geography of, 
1367 ; history of, 2611 

— cattle, described, 431, 3667, 3009 
Gubr, in sugar making, 4353 
Guiana, British, Dutch, and French, 

geographical account, 4282, 4287 
Guide-books, for continental touring, 
list , 1812 ; general value, 391 
Guide-i)late, in die punching, 2992 
Guides, engine frame, drawing, 4203, 
4205 

— importance in travelling, 391, 302 

— of van, 2829 

Guildhall Scluxrf of Music, 163 
Guillemot, classitlcation, 2212 
Gui'''x*he, geometrical pattern, 2321, 
9.322 ; use in design, 5820, 5821 
Guinea coast, map, 3453 
tiuinea, Portuguese, geography, 3454 
Guinea-fowl, classitlcation, 2212; eggs, 
6706, 5873 ; points, rearing, 5706 
Oiiinea-vvorm, description, liahit, 3958 
Guitar, playing and technique of, 3700, 
3701 ; manufacture, 6707 
(iull, description, 2212; foo<l, 2403; 

webbed toes, 2496 
(Tiilden, coin, Knglish value, 409 
Gulder, Dutch coin, value, 410 
(tiilf Htreaiii, course, 657, 1738, 1740 
Gulf-weed, 166 ; Sargasso Sea, 1369 
Gullet, human, 197, 198 

— ill mining, 2955 

— riding saddle, 5339 ; making, 5340 
Gully, of drainpipe, description, 57 J, 672 

— street, varieties, construction, 2324, 

2325 

“ Gulliver’s Travels,” 1902, 2963 
Gum, artitlcial, making, in dentistry, 
5866, 6033 ; tropical, 4658 ; varie- 
ties, 810 ; in vegetable cells, 276 

— arabic, 810, 5363; source, 4658, 

5303 ; substitute for, 1169 

— benzoin, 810 

— copal, 1034 

— dammar, use in varnish, source, 5835 

— resins, 810, 1034 

— Senegal, 810 

— tragaeanth, distribution, use, 810 

— tree : see Phicalyptiis 

— water, in laundry work, 2912 
Gumming disease, sugar-cane pest, 3654 
Gun, field, 0010, 0011 ; heavy, con- 
struction, 1224,0010-0017 ; Hotch- 
kiss automatic machine, 6425 ; 
Maxim automatic, 0423-0425 ; 
mount ing sliop, Klswick, 833 ; 
miick flrer, 0010 ; sporting, barrel 
(Damascus), 0422 ; sporting, 4421, 
0422 ; steel for, 4747 

tfun dealers, business of, 3149 
<km-barrels, use tor gas tubing, 5319 

— carriage, construction, 0011, 6615 
Gun-cotton, in blasting, 2587 ; in demo- 
litions, 6274 ; manufacture, 1169, 
6763, €766 : see also Pyroxylin 

Guiunakers, employment conditions, 
2646 

Ounmetal, composition, 3940 ; con- 
traction, 1897; physical properties, 
860, 1896 


Gunner, mercantile marine, 6804; In 
Navy, 4266 

Gunpowder, ingredients, 843, 6759, in- 
creases power of the nobles, 3605 ; 
invention, 3605 ; manufacture, 
6757, 6759 ; use in demolitions, 
6274 

Gunpowder Plot, history, 4651 
(iunter’s cliain, in surveying, 158 
Gurnard, flsh, form of head, 3069, 3071 
Gusset stays, boiler, 3097, 3105, 3108 
(vUstavuM Adolphus, of Sweden, 5396 
Gut, blohjgy, diagram, 30 
Gutta-percha, dielectric capacity, 3580 ; 
electric insulator, 672, 6795 ; in 
elect rotypiiig, 3422; extraction, 
preparation, 809 ; in road con- 
struction, 2181 ; manufacturing 
processes, 5313 ; source, uses, 4658, 
5313; specific gravity, 1704; 
strength, 1702; tooth-filling 
material, 5553, 5862 

— tree, 809 ; varieties, 5313 
<* utter outlets, roof, 5027, 5796 
(iiifter and water tables, 2326 
Gutters, quantity surveying, 6511, 

6512 ; roof, forms, construction, 
4251, 4254, 5031-rm4, 5793, 5794 

— paved, 2516 
Gutturals, in grammar, 122 
Gymnastics, effect on children, 4863 ; 

instructors, 6870; teachers of, 
3742, 6479 

Gymnosperms, 165 ; descri))tion, 503, 
505 ; geological period, 1116 
Gymnote submarine, described, 2280 
Gypsum, 6737 ; in cement, testing, 1859 ; 
chemical composition, 590, 761, 
l(f41 ; as manure, 590 ; for mack 
partition and ceilings, 4757, 4759 ; 
used as plaster of Paris, preparation, 
5497, 5498 ; in plastering, 648 ; 
^specirtc gravity, 1704; typical 
specimen, plate lacing 1345 ; see 
also (Calcium sulphate and Master 
of I’aris 

Gyration, radius of, 2198, 2200 

H.P.C.i in surveying, 374 
H-section : see. Joist section 
Haberdashers, business of, 3151 ; allied 
trades, 3151 

Habit, ethical and educational value 
of, 2673, 2860 ; and health, 2795 ; 
and memory, 2259 ; physiology of, 
2302, 2303 

Hacking-out knife, glaziers’, 5836, 5839 
Hackling, flax, 1386, 1387 
Hackney horse, 2074, 2075, 2070 
Haddock, fresh, boiling, 1874 ; choice 
of good, 3717 ; cutlets, i:ooking, 
1874 ; fishing grounds, 5121 ; 
frying, 1873 ; steaks, grilled, 
cooking, 1873 ; value of Hshery in 
1905, 4989 

Hade, in geology, deftiiltioii, 1925, 2378 
Haeckel, Prof., iloctrine of ixTsIstiuice 
of matter, 1376; chief biological 
work, 1791 ; ” Law of Substance,” 
313, 2063; -Kiddle of the 

Universe,” 6464 
HflRmatin, 5905 

Hicmatite, composition, 767, 1044,6737; 
deposits, 5306 ; occurrence, 767 ; 
in steel manufacture, 5013 ; varie- 
ties and distribution, 231 

— brown, composition, source, 4466 
Hft'matoxyliii, properties, 5905 
Hienioglobiii, cell formation and syn- 
thesis compared, 4130 ; character- 
istics, 953 ; composition, 696 ; 
iron in, 1046 ; affected by nicotine, 
4010; affected by quinine, 4013 

Hicmopbilia, nature transniissibility, 
1587 ; symptoms, cause, 6037 
Htemorrhage, treatment, 1195, 6471 
Hag, flsh, 3065, 3007, 3070 
Hague, The, 1836 ; tnuring, 858 
Haiderabad State, Indiu,- 2818, 2972 
Hair, animal, uses and countries 
exporting, 6119, 5120 

— for brushes, 6106 

— peculiarity of mammals, 30 

Hair, human, care of children's, 4864 ; 
in sculpture, 1511, 1512 ; structure, 
1419, 1420 


Hair, plasterers’ material, 5498 
Hair-brush, tlmshing process, 6107, 0109 
Hair-cells, of ear, function, 2535 
Hair-cloth, in princess gown, 2059 ; 

upholstery, 6716 
Hair-mortar, <romposition, 5499 
Hah* moss stnurture, etc., 1312 
Hairdresser, business of, 47, 3295 ; 
manicure practice, 3738 ; sidelines, 
3290 

Hairdresser-chiropodists, practice of 
minor surgery, 1890 
Hairdressing, 3295 ; women’s work, 322 
Hairpin wors, in underwear, 3094 
Hake, boiling, 1874 ; carving, 5930 ; 

steaks, grilled, coolring, 1873 
Half-sheet sixteens, in printing, 5458 
Half-timbers, use in trestles, 1173 
Half-tone, in drawing, 1534 

— engraving processes, 6482. 0483, 0485 
Halibut, boiling, 1874 ; fishery, value 

of, 4989 ; fishing grounds, 5121 
Halide, in chemistry, defined, 839 
Hallation, photo., 6682 
HalJett’s pedigree wheat, 915 
Hall-marking, of gold Hiid silver, 5860 
Hall process, aluminium extracting, 
4300 

Hallucinations, evidence in support of 
telepathy, 3602 

Halogen, in cheuiist^’y, defined, 839 ; 

compounds, 1600 
Hals, Kraus, painter, style, 3949 
Halving principle, in shortluind, 1038 
Halvings, in pattern-work, 2454, 2455 
Ham, carving boiled, 5935, 5936 ; 

using cold, 2335 
Ham, tribe of, in Kgypt, 419 
Hamadryad, cobra, striking, 2679,2080 
Hamburg, 1974 ; trade, 1976 
Hamburg fowls, 4659, 4001, 4850 \ 
comb, 4857, 4858 ; egg, weight , 
5873 ; points of breed, 4950 ; black, 
hr.^eding, 4859 

Hamite, race, 027 ; ethnology, 1790 
Hammer, 2019, 2022 ; forms and action, 
4584, 4585, 4586; parts and use, 
3108 ; temper, tempering, 4746 ; 
art metal-work, 55Z5 ; belt, 960 ; 
bootmaking, 4434 ; club, 1950, 
195 1 ; cari>enter’8, 3388 ; claw, 
3844, 3845 ; in die forging, 2991 ; 
drop, 900 ; in forging, 2984, 2900, 
2991 ; geological, 898 ; mining 
prospector’s, 2380 ; jilanlshrng, 
3888, 3889 ; quarry, 2950 ; plas- 
terers, 5496, 5497 ; plumber’s, 

5029, 5030 ; pneumatic, types, 
5454, 5155, 5450 ; slater’s, 4865, 
4807 ; tilt, 234, 4637 ; trip, 232 ; 
seabbling,532, 2837, 2838 ; scaffold- 
ing, 1170; shoemaker's, 3875 
Hammer beam, timber. 4253, 4254 
Hammer hone, of ear, 2533 
Hammer tongs, described, 2984, 2985 
Hammering, in art metal-work, 5524 ; 

in plate- levelling, defects, 3100 
Hamniund typewriter, 1918, 1919 
Hand, in hoofed mammals, 1860 

— human, anatomy, 99 ; bones, 1708, 

1709 ; nerves, 1941 ; tendons and 
muscles, 1712 

— verge watch, 6081 

Hand-carts, construction, 2830, 2832 
Hand-iron, harness, 4784 
Hand loom, mechanism, 3492 
Handbells, form, manipulation, 5571, 
5572 

Handling, in tanning, 1165 
Handlebars, of bicyclee, 3773, 3774 
Handles, of tools, forms, 4151, 4152 
Handrail, staircase, 3242, 5300 
Haudserew, use, 3388, 3846, 3840 
Hanger, sewing in coats, 1553, 2058 

— for suspending pedestal, 3268, 3269 

— in roof construction, 5794 
Hanks, of yarn, weight, 222, 5507 
Hannibal, i>assage of the Alps, 76 ; 

Punic wars, 1204, 1381, 2646 
Hansom, 2466 : dimensions, 2726 

— motor, regulations, 4189 
Harbours, 6330, 0331-6335 ; classes 

and construction, 6220 ; survey- 
ing, 1018 

Hard fern, structure, 1116 
Hardangcr Fjord, touring, 850 

6953 
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Hardness, in solids, 1374; Mohs' scale, 
1374, 5852, 6730 

Hardwar store, American, stocking, 
3572 

Hardy, Thomas, novelist, 3555 
Haro, carving, 5934 ; choosing, 1228 ; 
evolution of, 826 ; cooking, 1875 ; 
fur of, 6127 ; protective colouring, 
2160 ; roasting, 1487 
Haro’s foot fern, 6532 
Harffreave’s spinning jenny, 223 
Haricot bean starch, micrograph, 5365 
Haricot mutton, cooking, 17‘36 
Harmonic, in banjo music, 4312 ; 
double-bass, 3170 ; in guitar play- 
ing, 3702; 'in harp, 3527 ^ *3529, 
5734 ; in violin playing, 2511, 
25 12, 6727, 5728 ; see also Overtones 
Harmonica! progression, 3916 
Harmonium, account of, 3950, 3952, 
4179, 4180-4183 ; books on, 4183 ; 
manufacture, 6714 

Harmony, in music, 363 ; law of, 2103 ; 
physical explanation, 2319 ; rela- 
tion to discord, 2319 ; in tonic 
sol-fa notation, 925 ; value of 
study for sight-reading, 1059, 4179 
Harmsworth Kncycloptedia,” journal- 
ist’s reference book, 4236 
Harms WORTH Sklf-Eduoatok, purpose 
and plan, 1 

Harness, body, dimensions, 4886 ; cart, 
4886, 4889, 4890 : cleaning and 
care of, 1001 ; looping, 4887 ; 
making, tools, 4783, 4784, 4885- 
4S87 ; van and cal), dimensions, 
4886, 5342 

— in textiles, loom, construction, 3910 

— grease, recipe, 5150 

— maker, business of : see Saddlers 
Haroiin-al-Kaschid, character and life 

of, 2353, 2354 

Harp, account of, 3341, 3390 ; books 
on the music, 3525, 3527, 3528 ; 
lingering, 3527 ; (luatave Lyon’s 
chromatic, 3526 ; harmonic 
sounds, 3527, 3529 ; homophones, 
3529 ; manufacture, 671)7 ; modu- 
lation of keys, 3526, 3528 ; in 
orchestra, 5731 

Harpagophyton, habitat, 911, 912 
Harpsichord, music adaptable t^ piano- 
forte, 2023 

Harrier, pursuit of prey, 2493 
Harris tweed, mamifactiire, 1004 
Harrow, 1231, 1379 ; varieties, 1849 
Harrowing, in agriculture, 258, 431, 
1229-1233 

Harrows, in dredging, 5336 
Hartnell spring governor, 2019, 2020 
Hartshorn, spirits of : see Ammonium 
carbonate 

Hart’s tongue feni, 1116, 6493 
llartz Mountain Railway, 3814 
Hariz mountains, Germany, 1973, 1976 
Harvest, labourers’ i)ay, 1666, 3002 
Harvester, self-binding, 24, 1662, 1063 
Harvesting, crops, 1662-1666 
Harveyised steel, 234 
Harwood, bacteria test for milk, 4036 
Hashish, bhang, narcotic, 718 
Hastings, Rattle of, 2358 
Hat -brims: Hats 

Hatchet, tool, 3386 

ilulchctt’s classification of bituminous 
substances, 6010 
liatching, in drawing, 5421 
Hatters, business of, 3443 
Hats, felt, manufacturing, 0375 ; reno- 
vating, 6041; stiffeiuiig, 6376 
-• hygienic, 4257 

— in millinery, brims, bead trimmings, 

53.30; brims, .5036, 5037, 5329, 
.5330, 5941 ; brims, linings, 5329, 
53;io ; brims, making up, 4707, 
4709 ; brims, shapes, 4766, ^767 ; 
brushing, 6042 ; chiffon, making, 
5219 ; copying children’s by 
measurement. 4707 ; covering, 
5036 ; crowns, 4766, 4707, 5037 ; 
fancy shapes, 5219; flop, re- 
shaping, 6041 ; head linings, 5037 ; 
laee, 5218 ; lace trimmings, 5020, 
5021 ; linen, 5219 ; motor, 5219 ; 
patterns. 4766, 4707 ; picture, 
5219 ; snape-riiaking, 4767, 4769; 


shapes, 4860, 4861 ; shapes, copy- 
ing by measurement, 4766, 4707, 
4768 ; side-band, 4767, 5036, 

5037 ; tip, 4766, 4767, 5036 (clean- 
ing), 6040 ; trimmings, omamenta 
and flowers, 5506 ; velvet, nmova- 
ting and altering, 6041 

— sHk, mamifactiire, 6154, 0156 

— straw, making, 5218, 5219 ; manu- 

facture, 0100 ; patterns of rough 
straw, 4766, 4767 ; cleaning, 3704 ; 
renovating, 6041, 6042 ; shape 
making, 5217 
Hatter, business of, 3443 
Haulage, in coal mining, 3566 
Haiiling-gear. of coal-cutter, 3564 
Haulm, 355, 874 ; ns livestock food, 2909 
Hautboy : see Oboe 
Haversian canal, in bone, 435, 436 
Hawaii, island, products, 3902 
Hawk, pursuit of prey, 2493 

— plasterer’s, tool, 5496, 5497 
Hawkers, conditions of trade, 5582 
Hawking machine, use in dyeing, 6370 
Hawk moth, 732 

Hawksley’s drought formula, 4027 
Hawsers, manufacture, 5292 
Hawthorne, :i.)3 ; garden, 6318 
Haj’, meadow, chemical constituents, 
1629 ; grass crops for, 3890 ; as 
horse rations, 2077 ; as livestock 
food, 2704 ; making, 1628, 1630, 
1848; manuring, 1378 

— barns, construction, 1631 

— cro])s, British, 1379, 1628 

— elevator, 1029, 1630 

— load, weight, 1628 

Hay fever, 3720; treatment, 6132 
Hay-ropes, used in easting, 2338, 2330 
Hayti, discovered by t'olumbus, 3606 
" Haywaiu,” Constable’s picture, 4301 
Hazel, catkin, 351 ; flower, 355, plate 
facing 728 ; fertilisation, 729 

— tree, strength of timber, 1260 
Hazlitt, William, essayist, 2310, 2619 
Head, of bicycle frame, 3773 

— block, of light waggon, 2829, 2830 

— of butterfly, 3512, 3513 

— of carriages, described, 3022, 3023 

— collars, harness, 5342 

— of culvert, railw'ay, 3614 

— ill drainage, 782 

— flannel, infant’s, 3744, 3745, 3854 

— of gutters, painting, 5834; use, 

fixing, protection, 5793, 5796 

— human, 98, 197, 2144 ; joints, 1710 

— of latlie, poppet, evolution, 4912 

— in metal casting, 1404 

— panel, of light w'aggon, 2829, 2830 

— of riMim partition, 4448 

— in sculpture, armature, 1510 ; model- 

ling, 1510 

— in slating, 4866, 4807 

— of water, in hydraulics, 1573 
Headache, symptoms and treatment, 

6261 ; synthetic remedies, .5469 
Header, in building, 2168, 2109, 2170, 
2171 : use in walls, 2261, 2203 

— in masonry, coursed header work, 

3034, 3035 

— timber used in tunnelling, 331 
Heading machines, in mining, 3563 
Headings, newspaper, 4233, 4235, 4236 
Head-line, of otter-traw’l, use, 4990 
Hoad-metai, in casting, 1405 
Headpiece, of harness, 4886 
Headstock, of bogie frames, 3121 

— of lathe, 4914, 4916 ; improvements, 

4918 ; loose type, 4913, 4918 
Head-strap, harness, 4886, 5057 
Hcald, doup, in weaving, 3912 ; of 
hand loom, 3492 ; of loom, 3684 ; 
use in weaving, 3909 
Healders, calculations, 5508 
Health, affected by atmospheric hu- 
midity, 1900 ; definition of, 2661 ; 
effects of soil and climate, 5273 ; 
exercise, rest and sleep, 4387 ; 
laws of, 2664, 2794, 5702 ; relation 
to marriage, 4529 ; see also Hygiene 
and under separate headings — e.g.. 
Air, Disease 

Health Acts, nuisances. 5056 
Hearing, defective, in children, 4862 

— organ of : see Jslar 

Heart, frog’s, growth of, 2801 


Heart, human, 953, 956 ; action of* 
957, 1192, 1193 ; action, influence 
of will, 5841 ; effect of alcohol on, 
3377 ; anatomy, 953, 956 ; beat- 
ing of, number per minute, 90 ; 
effect of digitalis and strophan- 
thin, 4013; diseases, 6038, 6039; 
enlargement, cause of, 5540, 6039 ; 
miLsoics, 1711 ; nerves, symna- 
thctic, 1044 ; nutrifion, 670, 677 ; 
physiological description, 198 ; rest 
periods, 4391 ; weak, 6039 ; val- 
vular disease, 6038 

— of snail, 3113 

Heart cam, defined, 832 
Heart shakes, in timber, 52 
Hearting : see (Uire 
Heart-w(K)d, of trees, 52 ; rot, 4928 
Hearth, in building, formation, 2388, 
2389 ; stone, 3243, 3244, 4446 

— in metallurgy, 4125 ; of blast furnace, 

4469, 4470 

— furnace, Moffat type, 5980 
Hearthstone construction, 3243, 4446 

'Heat, absorption, 2061; atomic, law 
of, 1914 ; in chemical processes, 
Boyle’s discoveries, 59 ; colour 
and temperature, 236 ; conduc- 
tion, 440, 1563, 1738, 2061, 5194 ; 
conductors, good and bad, 1563 ; 
convection, 1738 ; and dynamics, 
314 ; effect on earth’s crust, 302; 
and electricity, 288 ; expansion of 
gases, Cliarles’s law, 1805 ; form 
of energy, 2061; latent, 1740; 
incchanieul equivalent, 2061 ; mole- 
cuiar motion, 1266 ; physical 
account, 315 ; power agent, 5413 ; 
radiant, 3617, 5195 ; transmission, 
compared with light, 2060 ; radia- 
tion, 2060, 5194 ; the science of, 
1.563; si>eciflr, 156t. 1739 

— bodily, 439, 5194 ; temperature, 96 
Heater-room, on trains, 3025 
Heating, of buildings, by pipes, use of 

fans, 1808; systems, 5195, 6015, 
0017, 6022; b(K>k8 on, 6349; 
engineer’s factor>', 5591 ; of 
vehicles, 3025 

Heath, 3.54 ; culture, 0530, 6.532 ; 
pollen, 1114 

Heathen peoples, distribution, 029 
Heathenism, 3279 : see also Paganism 
Heather, 354 ; moisture supply, 727 
Heave, of vein, in mining, 2380 
Heaven, in Persian religions, 502 
Heavy spar : see Barytes 
Hebrews, art of, 2660 ; history, 665 
Heck, ill weaving, 3491 
Hedge mustard, charlock, 882 
Hedgehog, description, plate facing 
1401, J763 ; spines, 2J56 
Hedges, garden, making, 0318 
Hedge-sparrow, elussiflmtion, 2210; 

nest, plate fMovring 2496, 2506 
Hedonism, doctrine of cynics, 976 
Heel, of b(K)t, making, 4139, 4140 

— human anatomy, 1709 

Heel board, of brougham, 2829, 2831 

— straps, of king post roof, 4249, 4262 

— shave, shoemaker’s, 3875 
Heeling, in boot-making, 4543, 4544 
Hegel, philosopher, contempt for science* 

2553 ; Hegelianism, 6469 ; idea of 
creation, 6470 

Hegelian system of philosophy, 6101 
Heidelberg, castle of, arcliitecture, 3946 
Heifer, in agriculture, application at 
isrm, 2238 

Helical spring explained, 3121 

— steel tube, manufacture, 5322 
Helicon, musi(»il instrament, 5131 
Hcliostat, use in surveying, 594 
Ueliotroi>e, i>erfume, 5469 
Heliotropin, perfume, 4971, 6469 
Helium^ 1916 ; discovery, 401, 1296 ; 

disintegration, product of radium. 
1916, 2392, 4105; non-llquefac- 
tion, 1916, 4560 ; occurrence, 839 ; 
in periodic system, 1446 
Helix, of screw, 686 
Hellebore, plate facing 728 
Hellenism, Alexander’s Empire, 074 : Ib 
I ndia, 418; in Roman art* 29S1* 
2038 ; sculpture, 2980 
Helmet, of cassowary* 2214 
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Helmholtz, H. von, theory of colour 
vision, 3730 ; theory of partial 
deafness, 2316 ; theory of solar 
energy, 064 
Helots, definition, 668 
Hem, false, in sewing, 152 
Hematite : eee Hwinatite 
Hemisphere, in drawing, 5041, 504& 
Hemispheres, of earth, explained, 22 
Hemlock, 353 ; source of cunine, 4011 

— hark, cultivation, 6066 

— extract, tanning, 6066 

— fir, bark as tanning agent, 3012 

— spruce, timber, 55 

Hemming, gloves, 5482 ; in under- 
clothing, 3336 

Hemp, 717, SSI, 5117, 5639 ; bleaching 
and dyeing, 5639 ; Hassittcation, 
355; cultivation, 1190; drawing 
process, 2099, 2100 ; dressing, 

1388; tlbres, 68, 09, 717, 1168; 
in foundry work, 2546 ; rope spin- 
ning, 1885; ropes, testing, 1699; 
sources, 5117, 5630 ; spinning, 
2202 ; weaving, 2595 

— ('anadian, Manilla, Deckannec, Sunn, 

etr. : see Canadian, Manilla hemp, 

— New Zealand : see Pliormium 
Hemstitching, in underclothing, 3336, 

3338 

Hen, egg- laving, 5623, 5626 ; food, 
5003, 5133; sitters, 4560, 5001: 
see also Poultry 
Henbane, descTibe«l, 354, 4000 
HcncfM)pH : see Coo])S, poultry 
Heniiebique system, in building, 1557, 
15:19 ; 1643, 1045 

Henrietta Maria, Queen, 4552 ; minia- 
ture of, 1002 

Henrv I., King of England, reign, 2674 
Henry II. of England, reign, 2609, 2913 
Henry Jl. of France, recovery of (’alais, 
4102 

Henry 111. of T^ngland, reign, 3073 
Henry 111. of France, character, 4102 
Henry IV. of England, life, 3250, 3251 
Henry V. of England, early years of 
reign, 3251 ; hundred years’ war, 
3463, 3464 

Henry VI. of England, hundred years’ 
war, 3464 ; Cade’s revolt, 3405 
Henry VII. of England, accession, 3604 ; 

marriage, character, 3640 
Henry VIl.'s (’impel, Westminster 
Abbey, arcliit(‘ctnre, 3374 ; stone 
pendants, 2835, 3146 
Henry’ VII 1. of England, reign, 3649, 
3832 ; literature, 328 
Henry of Navarre, reign, 4320 
Heptarchy, the, fonitdation of, 2242 
Heruideitus, Creek philosopher, fire 
doctrine, 60 ; idea of organic ev<)- 
lution, 5386 

Herb Itobcrt, 508; pollen, 1114 
Herbage, Hothanistcde.xperiments, 1378 
Herbalists, business of, 3445, 3446 
Herbert, (Jeorge, poet, 539 
Hereulaneum, destruction of, 2068 ; 

fresco paintings, 2033 
Hercules (Heracles), tlie Heraelidfle, 668 
Hercules beetle, description, 3510 

— turbine, mechanism, 10S9, 1693 
Herdw’iek sheep, 2.363, 2505 
Hereditary succession in (^hina, 215 ; 

in (tcrmaiiy, ^Middle Ages, 2947 
Heredity, alcoholism, 5674 ; books on, 
1791 ; a condition of organic evo- 
lution, 5388 ; Darwinian theory, 
824, 1313; Dalton’s law, 1313; 
"inborn” and " acquired,” 485 ; 
influenco on capacity for mental 
development, 3118 ; in Laniareki- 
aiiisui, 653 ; line of, 1315 ; longev- 
ity, 2602 ; Mendel's experiments 
and law, 1481 ; practical issues, 
1 586 ; in relation to educa- 
tion, 2861 ; relation to health, 
5701 ; social : see Social heredity 
Hereford cattle, 2235, 2237, 2240 
Hermaphiwlite, in botany, 730 
” Hermes,” statue by Praxiteles, 345 
Hermit crabs, habits, 3800, 3808 
Herodotus, historian, 774 
Heroic verse, defined, 306 
Heron, description, 2213 ; fix)d, 249.3 


Heroult aluminium furnace, 4306, 6989 
Herrick, Robert, poet, 539 
Herring, choice of, 8717 ; classification, 
3068, 3068 ; fishing grounds, 6121 ; 
grilling, 1873 ; immature, protec- 
tion, 5314 ; nutritive value, 3599 ; 
preserving, 6316 ; shoals, move- 
ments of, 5188 ; U.K. fisheries, 987 
Herringbone stitch, 3337, 4506 
Herring-boning, needlework, 151 
Hertz, detectors, 3895 ; electro-mag- 
netic wave discoveries, 3851, 4021 
Hertzian waves, ether and, 935 
Hesperoniis, order of birds, 2214 
Hevea ItrasUiensis (rubber tree), 808, 
5046, 5047 ; cultivation, 5049 
Hewitt’s mercury vapour lamp, 2683 
Hexagonal body, planes, 4522, 4523 

— prism, projection, 4523, 4524 

— system, in crystallography, 766, 6730 
Hexameter verse, 1435, 1767 

Key's saw, carver’s, 5809, 5810 
Hide trades, employment, 2648 
Hides, for l>elting, 3582, 3712 : break- 
ing over, 2854 ; depilation, 2854 ; 
in glue mamifactiire, 5357 ; 
leather manufacture, processes, 
^ '5, 3010, 3218, 3713; efiect of 
lime on, 2855 ; polishing, 34.55 ; 
soaking and softening, 2853 ; 
sources, 5110; South American, 
special treatment of, 3218; tan- 
ning, 301.3, 3162; varieties and 
structuHi, 2852 
Hieroglyphics, Egyptian, 935 
High (’ourt of Justice, clerksliips, 3301 
High school teachers, women, 323 
High water mark, mean, 1146, 6662 
Highest common factor, in arithmetic, 
339 ; algebra, 2891 

Highest plane of collimation (H.P.C.), 
ill surveying, 374 
Highland cattle, 432, 2236, 2240 
Highlands, of Scotland, 1064, 2065 
Highways, 2422 ; dedication of new’ 
roads as, 2425 

Higiiways, general history, 1977 
Highways Act, 1878, provisions, 1978 

— surveyor of, duties, 454 
Hilliard, mintature w'ork, 1061, 2062 
Hiluni, in anatomy, 1602 
Himalaya Monntains, description, 2562 ; 

rainfall, 296, 4495 
Hind bur of van, 2829 
Hind tugs, of harness, dimensions, 4886 
Ilindostan : see India 
Hindu, in ethnology, 1790 ; philosophy 
and religion, 417 : see also Brah- 
manism, Buddhism 

Hinge, back flap, 5283, 5184 ; butt, 
3547. 5283, 5184 ; cross garnet, 
3547, 5184 ; field gate, 4645, 4640 ; 
fltteil to stand out, 5183 ; straps: 
see Strap hinge^i ; verge watcli, 
6081 

— Joint, biinmii, anatomy, 1709, 1710 
Hip, of gutter, 5031, 5034 

— human, 170S ; leverage, 1798, 1799 

— iron and oak, use in roofing, 4870 

— tiled, use in roofing, 4868, 4869 

— r<K»f, length and angles, 5285, 5187 

— tiles, 044 

Hipparion, in horse-evolution, 1179 
Hipped roof, construetlon, 4253, 4254 
Hippopotamus, plate facing 1491, 
1761 ; hoof, 1870 ; ivory from, 811 ; 
swimming apparatus, 2038 
Hippuric acid, composition, 3818 
Hire-purchase system, 704 ; house 
furnisher’s business, 3448 
Hire-purchase accounts, in bookkeep- 
ing, 3917, 3918 

Histology, scope, 1.36 ; hook on, 5422 
History, American authors, 3781 ; 
bacteriological influence on, 6782 ; 
bibliography, modern, 2618, 2787 ; 
cautions ns to reading, 107 ; 
English writers, living, 2785 ; 
the " great^man theory,” 3987, 
5388 ; intellectual value of study 
of, 2404 ; modern conception, 
4122 ; pliilosophy of, 3987 ; a 
series of sociological experiments, 
3872 ; Spencer’s conception of, 
3985. 3987 ; trivialities of, 3985 ; 
unscientific methods, 3871 


History, natural : see Natural jhistory 
“ History of Civilisation in Europe " 
(Buckle), 3080 

" History of English Literature ’* 
(Taiiie), 8783 

Hit-and-miss grating, 6017, 6021 

— ventilator, position, 3024 
Hitches, sailor’s, 6406, 6407 
Hiv(*8, bee, 5057, 6958, 5960 
Hoarding, in building, 308 ; rent of 

licensed, 4987 

Hoar-frost, formation of, 1900 
Hob, for cutting dies, 4480, 4481 ■ 
Hobbema, landscape pcliiting, 4299 
Hobbs, Thomas, psychological tlieory, 
2013 ; conception of the state, 
5246 ; works, 1640 
Hobbies, value, 2548 
Hob-grate, .‘oiistruction, 6015, 6017 
Hock, of horse, 1870 ; diseases, 2621 
Bod, in building, use, 1951, 1953, 5497 
Hoe, horse, in agriculture, 431 
Hoe printing machines, 5869, 5871 
Hotf, Van *1, and stereo-chemistry, 2714 
Holfding, Prof., ideal society, 6246 ; 
relation of ctlucs and sociology, 
4277 

Hoffmann brick kiln, 043, 1284, 1730 
Hog, ill farming, 2367 ; meat industry, 
5119 

Hog-hair brushes, 1020, 6109 
Hogartl), William, painter, 4392 
Hogg, James, poems, 1304 
Hogshead, of tobacco, defined, 4274 
Hogskin, ust^ for riding saddle, 5339 
Hogweed, biennial weed, 1378 
Hoist, hand, 832 ; hydraulic coal- 
tipping, 5676 ; jigger, 1220 
Hoisting apparatus, in engineers* 
factory, 5589, 5590 ; pulley blocks 
and tackle, 3694 ; pneumatic 
machines, 1807 

Holbein, Hans, 343, 4117,4118 -, minia- 
ture work, 1061, 1062 : portraiture, 
4392 

Hold, of four-masted barque, 5400 ; 

steamer, position, 5401 
" HoIder-on,” of riveter, 1804, 1807 
Holdfast, iron, for fixing joinery, 2514, 
2516 ; in shoring buildings, 916 
Holdings, small : see Allotments 
Hole grinding machine, 5212, 5214 
Holes, boring, in mining, 2667 
Holidays, proper use of, 65, 4391 
Holing, in mining, 3561, 356:1 
Holland, arcliitecture, 3374 ; biblio- 
graphy, 859 : coins, weights and 
measures, 410; Dutch school of 
painting, 3949 ; geography of, 
1836 : population, 628 ; neclama-, 
tion from sea, 1814 ; Rhine delta, 
1830 ; thread industry, lace- 
making, 224, 225 ; tonring, direc- 
tions, 858 : see. also Dutch 

— history of, up to 1385, 2948 ; revolt. 

against Spanish rule, 4397; 1584 
to 1890, 6304 ; republic, 6304 
" Holland,” submarine, described, 2280 
” Hollander ” machine, 6282, 6283 
Hollow tools : see Swages 
Hollow-hit tongs, described, 2984, 2985 
Hollowing, in metal work, 4522 
Holly, :153 ; leaves, 1114 ; garden 
hedge, 6318 ; wood, 57 
Hollyhock, classification, 352 
Holmes, Oliver Wendell, :4780 
'• Holy Family,” Murillo’s, 4120 
Holy League, against Charles V., 4102, 
4396 ; joined by Henry VIll., 3050 
Holy Koinan Empire, dispute for, 4320 
Holyhead, 1277 ; breakwater, 6335 , 
harbour regulations, 6220 
Homan’s fire-resisting floor, 4753, 4755 
Home, importance to journalist, 3812 
Home Office, apnointments, 3300 
Home Buie Bill, 6694 
Homer, 904, 2962 ; Chapman’s transla 
tions, 848, 849, 3781 ; Englisl 
translations of, 668 
Hominy, product of maize, 4874 
Honimopaniy, system, trnining, 5430 
Ilomoiothermal animals, 439 
Homology, in biology, 379, 1492 
Homophones, in harp music, 3529 
Honduras mahogany, 56 ; In vehiclf 
constniction, 2827 
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Hone, oilstone, use, 3388 
Hone's coal grab, 6818 
Honey, adulteration, 3718 ; comb and 
run, 5959 ; comb, extraction, 
5960 ; countries exporting and 
producing, 5120, 6121 ; extractor, 
5960, 5962 ; grading, 5962 ; granu- 
lated, liquefying, 5961 ; Itevuloso 
and dextrose from, 3705 ; market- 
ing, 5962 ; ripener, 5960, 6961 
Honey agaric, fungous pest, 4928 
Honeycomb, description, 5957, 5958 
Honey water, recipe, 4972 
Honey-dew, origin, 3365 
Honeydew tobacco, manufacture, 4373 
Honey-guide, classitlcation, haWt, 2210 
Honeysuckle, 354, plate facing 728 ; 
climbing, 604; poliin'itioii, 732; 
protective structure, 1115 
Honeysuckle, (ireek ornament, 5818 
Hood, infanf’s, 3745, 3746 

— in vehicle construction, 3023, 3622 
Hood, 'J'homas, poet, 1309 

Hoofed mammals, swimming, 2038 
Hook and eye, in dressmaking, 152, 
154, 185 ; how to put on, 475 

— gauge, explained, 1577 

— letters. In shorthand, 586, 689 

— stone, of gates and doors, 3244, 

5795, 5797 

— tanning, 3219 

— wall, in fixing pipes, 5629, 5632 
Hookah, pipe, construction, 4378 
Hooker’s green, pigment, 871 
Hook-setting machine, boot, 4437 
Hoop, of balloon, 3978, 3980, 3982 

— pressed cheese, 4573, 4574 

H(K)p iron, scaffolding, 1170; shoring, 
917 

Hoopoe, plate fating 2209, 2211 
Hoopsticks of vehicles, 2555, 3023 
Hoose, cattle disease, treatment, 2622 
Hoove, in sheep, treatment, 2625 
Hop, 354 ; climbing, 504 ; cultivation, 
980, 1199, 3205, 4960; melting, 
6228 ; use, 6057, 4960 ; “ winged ” 
seeds, 912 ; storage, 6059 

— back, use, in brewing, 6057 
Hopper, cement, 1733, 1853 

— railway cars, 2463, 2407 

— splayed work, 5296, 5299 

— of water closets, kinds, 5052, 5053 

— ventilator, 602l 

Hopping, physiological account, 1800 
Horace, in Augustan Age, 1829 : 
Smart’s translation, 2H1 ; typical 
ode, to Lyce, 1335 
Horatins, story of the bridge, 1136 
Horizon, II ; apparent and astronomi- 
cal, 6244, 6215 ; dip of, 1016, 
6665 ; " sensible,'* 1016, 6665 

— glass, of sextant, 1016 
Horizontals, in staging, 1174 

Horn, animal, carving, 6300 ; dyeing, 
6767 ; uses. 81 1 

— of animals, 2155. 2156 

— of taitlc, >>roken, treatment, 2624 

— musical instrument, 573f ; orchestral 

use, 5732, 5887, 5893 ; trans- 
pcjsition, 5443 

— French : see Horn, valve 

— valve, musical instrument, 5444 ; 

mamifactnrc, 6622 ; playing, 
5445-5447 

tlorn bar, of brougham, 2830, 2831 \ 
in elliptic spring carriage, 3124 ; 
of undercarriage, 3122 ; of van, 
2828, 2829 

Hornbeam, 355 ; ** winged ” seeds, 91!, 
912 

— wood, use of, 57 

IT or n bill, 2211 ; nest, 2507 
Hornblende, mineral, 768, 812, 6738 
Hornet, plate facing 3301 ; nest, 3725 
Horology : see fiockiriaking Watch- 
making 

Horse, 1761, 2073, 2075, 2076, 2079; 
bibliography, 3471 ; breeding, 987, 
2(»T8 ; breeding for speed, 827 ; 
diseases, 2020 ; evolution of, evl- 
detiee of tonsils, 1177 ; feeding, 
lOOi, 2074, 2076; foods for, 873, 
2004, 2905 ; foot , modification and 
evolution of, 1869 ; grooming, 
1001 ; management, of, 2073 ; 
I>uraBites, 2626, 2027 ; parts of, 
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2079 ; points of, 2076 ; power, 
5011 ; stabling, 2998 ; as means of 
transport, 2152, 2154; urine, 

analysis of, 433 

— in leather manufacture, 3217 

— In mining, 2378 

Horse bean, classiftcatiun, 353 
Horse chestnut, 353 ; autumn twig and 
winter buds, 728 ; wood of, 56 

— collar, making, 5191, 5192 

— wliim apparatus iu mining, 3190 
Horsehair, uses, 5119, 6715, 6718; 

testa for brushes, 6110 

— artillciai, forest industry, 4028 

— beetle, classitlcation, voracity, 3511 

— cloth, use iu dressmaking, 186 
Horsenten, in farming, 2999 
Horse-power, unit of pow’cr, 291 : 

brake (B.H.P.), 3967 ; compared 
with kilowatt, 290 ; indicated 
(T.H.P.), 3966 ; testing, 3964 ; 

Watt’s dcflnitioii, 1590 
Horse-rake, in farming, 1630, 1848 
Horseshoe arch, introduction, 3092 
Horsetail, 1115, 1119 ; farm wTod, 
1378; structure, etc., 1310 
Hose-pipe of balloon, 3979, 3980 
Hosier, nusiness of, 2869 
Hosiery. 2869 ; elastic. 5492 ; fancy 
trade, 4619 ; fliiisliing, 4765 
Hasiery, machines, 4763, 4764. 4765 

— weavers, employment, 2651 
Hospital, air in, 3800 ; bookkeeping 

for, 3567 ; dental, training and 
fees, 5770, 5773 ; drainage system, 
784 ; homoeopathic, 5430 ; hypno- 
tism, 3663 ; medical students’ fees 
and training, 5424 ; nurses’ w'agcs 
and training, 323 ; Poor Law, 1 929 ; 
municipal, staff and salary, 1496 ; 
naval and military, nurses’ ap- 
pointments, 6172 
Host, iu botany, 506 
Hostels, w'omeu’s, 5720 
Hotel de Jacques (knur, Bourges, 3374 
Hot water, heating systems, 6016- 
6017 

Hot-bed, garden, making, 6320 
Hothouse, management, 6533, 0833 
Hotels, catering accommodation, 5583 ; 
comparison of charges in Kuro- 
peaii countries, 515 ; iiookkeeping, 
3567 ; management and catering, 
5720 ; tourist v<K;abuIary, 1960 ; 
visitors’ accounts, 3568 
Hot-short, in metallurgy, 3838 
Hottentot race, distribution. 627, 3279 ; 
ethnology, 1789; nasal index, 
1786 

Houdaii fowl, 4957, 5090 
Hour, in table of time, 226 
Hou.se, architects’ detail drawing, 5542, 
5546, 5693 ; country, plans and 
elevations, 2128, 2132 ; defence 
again.st attack in war, 6273 ; 
elevations, 5542, 5546, 5693 ; 

hygienic and iion-hygienic sites, 
5274 ; numbering, 2424 ; jHans of, 
5542 ; sanitary requirements, 5050, 
6052 ; site and aspect, 144 ; stone, 
in primitive ages, 2132, 2134 

— fly (tnusea domestiea), 3721, 3722 

— furnishers, business of, 3447 
House of Keys, Manx, 1367, 2611 

— property, investment, in, 3225 
House-sparrow’, classiflcatioii, 2209 
Housebreaker, clearing sitf», 309 
Household finance, general rules, 3222 
Household 'rriHips, 161 

Housing, carpentry, 4044, 6581, 6585 
Housings, of cart saddle, making, 5341 
Housekeeper, duties, 762 
Housekeeping : see Group Index and 
under separate headings 
Housemaid, duties, 1003 
House-martin, nest, 2507 
House-parlourmaid, duties, 1005 
Hoven, cattle disease, 2623, 3891 
Hover-fly, as pollen carriers, 731 ; 

protective colouring, 3721 
Hovis bread, 933, 3312 
Howe truss, 2228, 2229 
Howitzer gun, use, 6614, 6615 
Hudson, T. J., theory of psychic 
phenomena, 3287 

Hughes type printing telegraph, 5303 


Huguenots, persecution of. 4102, 5110; 
in Ireland and Scotland, 1025 ; 
rising, 6110 

Hull, fish sale, 5316 ; harbour regula- 
tion and revenues, 6220 
“ Hull,” grinding wheel, 5476 
Human nature, changing character, 
4371 ; the key to sociology, 4369 

— race, factors affecting distribution 

and development, 4493 
Humanism, in modern literature, 2686 
Humanitarians, attitude towards socio- 
logy. 4276 

Humble-bee, cross-pollination by, 732 ; 

description, nest, 3723 
Hume, David, historian, 2054 
Hume, Martin, historian, 2785 
Humerus, hiimau, 1348, 1349, 1708 
Humidity of air, 1899 
Humming-bird, description, 2211, plate 
facing 2209 ; colouration, 2505 ; as 
pollen-carriers, 730 

Humus, vegetable mould, fertility, 4497 
Hundred Years War, Kdw'ard III. 
share in, 3076, 3077 ; Henry V., 
3463 ; Henry VI., 3464 
Hungary, biniks on, 1250 ; craniology, 
1786; ethnology, 1789 ; economic 
conditions, 5710; geography of, 
2162 ; manufactures, 6710 ; medi- 
cal profession, 6429 ; touring 
directions, 1249 

— history of, formation of state after 

subjection to Home, 2354 ; until 
part of political system of Ger- 
many, 2947 ; Middle Ages, 4399 ; 
Austrian conquest, 6447 
Hunger, ])hyslological definition of, 866 
Huns, invasions of, 2241, 2947 ; ravage 
Helvetia, 4399 

Hunt, Holman, ” Lady of Shalott,” 
722 ; ” The laght of the World,” 
plate facing 624 ; pre-Haphaclite 
school, 4394 

Hunt, Leigh, poems, 1308; portrait, 
2619 ; works and criticism, 2451 
Hunter spiders, tarantula, 3805 
Hunting, place in evolution, 4515 
Huntingdonshire, geography, 1273 
Hurdles, embankment revetting, 6271 
Husk, eattle disease, 2622 ; in pigs, 
2625 ; in sheep, 2624 
Husk-w’orm, 2627 

Huxley, Thomas Henry, clotting of 
blood experiment, 954 ; doctrine 
of mind as epi phenomenon, 2J16; 
on importance of reasoning taculty, 
2805, 2993 ; on removal of upper 
brain of frog, 2299 ; on rhetoric, 
3987 ; on sea fishery law, 5317 ; 
on secret germination of ideas, 
3184 ; on study of natural science, 
4089 ; zoological works, 1791 
Hwang-ho, river, 2564, 2974, 2977 
Hyacinth, plate facing 728 ; rlassifica- 
tion, 355 ; garden culture, 6480 ; 
wild, in woods, 504 

— perfume, source, 5469 
Hysvnu, vurielies, 1765 
Hyaline cartilage, histology, 435 

— membrane, of animals, 2852 
Hydra (biology), reproduction, 381, 

382 : sec also l*olyi>e, fresh 
water 

Hydrant, street, 2326, 2327 
Hydraulic accumulator : see Accumu- 
lator 

— engineering, scope, 157, 6676 

— force pump, 1082 

— gradient, in water supply, 4338 

— intciisifier, coiistriiction, 5675 

— jack ; see Jack, hydraulic 

— machinery. 1080, 1685 

— mean depth, of river, 5114 

— gradient, definition, 1575 

— power, 5075; application, 5878 \ 

bcK)ks on, 4339 ; from natural 
sources, 5678 

— press, 1076, 1142, 1223, 2992; In 

making lead pipes, 367, 359 

— pressure, in boiler-tasting, 3106 ; 

in mains, 5675, 5676 

— ram, construction, 1220, 5932, 6938 
HydrauUcing, In mining, 2969, 2060 
Hydraulics, 1674, 6113, 6676; books 

on, 6676, 6606 . 
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Hyd-^nd 

Hydrocarbons, aromatic group, 3707, 
6461 ; and carbohydrates, 2713 ; 
chemical composition, 3112 ; con- 
stituents of body, 439 ; derivative, 
2713; digestibliiiy, 866 ; diges- 
tion of, 673 ; organic acids derived 
from, 3704 ; petroleum, 6010 ; in 
standard diet, 3380 

Hydrochloric acid, from chloroform, 
3270 ; commercial jjropertiesi 
4634; composition, 1037, 4633, 
electrolysis, 3260, 4022, 5753 ; 

preparation, 696, 1445, 1598, 4633 ; 
properties, 1698 ; reagent and test, 
4404, 4110; in stomach, 1598, 
2878 ; uses, 1037. 1698, 4633 
Hydrocyanic acid, characters, antidotes, 
3536 ; in medicine, 3r>37 : pro- 
perties, 3536 ; a protoplasmic 
poison, 3017 ; synthesis, 3538 
Hydro-extractor, in dyeing, 

machine silk mamifncturc, 1246 
Hydrofluoric acid, 813, 6528 ; forma- 
tion, 1444 ; in glass polishing, 
4931, 4932 

Hydrogen, 840 ; atom energy, 2393 ; 
electro-dieraical ecpii valent s, 5262 ; 
in human body, 438 ; imis, spiMul 
<U‘, 4563; licpiid and siflid, 841 ; 
in living things, 275 ; occurrence, 
839 ; plant fo^xl, 167 ; preparation 
hy electrolysis of water, ; 

])roportion in earth’s crust, 239, 
fl24 ; unit of atomic weights, 518 

— gas, inflation of balloons, 3977 

— pen)xide, 692, 1718 ; catalytic decom- 

position, 4135 ; in blenching, 6199 

— sul])hide, properties, 1718: nee nlno 

Sulphuretted liydrogen 
Hydrography, 159, 1016; and sea 

flshery, 5188 

Hydroid zoophytes, description, 4086 
Ilydnads, description, 4083, 40Hii 
Hydrokinetics, in Physics, 1143 
Hydrolysis, ferment action, 4135 
Hydrolytic sewage tank, 4743, 4744 
Hydrometer, 798, 799 ; the Beaumi'*, 
1036, 4,554; glue tester, 5858, 
5359; Nicholson’s, 1078; syrup 
testing, 4848 

Hydrofrfiobla, incubation, 5411 ; Pas- 
teur treatment, 3274 
Hydrostatic machines, 1142, 1685 

— paradox, 1076, 1142 

— press, invention, 1076 
Hydrostatics, 1076, 1141, 1220, 1801 ; 

in engineering, 1076, 1402 ; retnin- 
iiig walls, 1077 ; water-po>^cr, 
1080 : see aim Phiids, in Physics, 
ami special applications 
Hydroxyl, formula, 1721 
Hydroxy lamine, formula, 1721 
Hygiene, book on, 5424 ; cash value to 
the nation, 45:10; and longevity, 
2662 ; women’s training, 322 
Hygrometer, 6131 ; in baiUM)u observa- 
tions, 3982 ; Daniell’s, 1H99 
Hygroscope, forms, 1899, 1900 
Hymcnoptera : see Membrane-winged 
insects 

Hymn tunes, organ nm.sic, .‘1863, 8864, 
8965 ; transposition, 2312 
Hyoid bone, human, 1603, 2144 
Hyperluila, drawing, 1411,7473, 49,33, 
4935 ; ill conic sections, 5783 
Hyperbrachyccphalic, deflned, 1780 
Hypcrdolichocephalic, deflned, 1786 
Hypermetropia, meaning, 3179; cause, 
correction, 6264 ; testing for, 
4143 

Hyperspace (math.) explained, 2119 
Hyimotic drug, varieties, 4128, 4129 
Hypnotic suggestion, non-physical 
basis, 4449 

Hypnotism, nature, 2549, 3289. 3602 ; 
book on, 4449 ; modem tlieories, 
3288 ; use of term, 4449 
Hypochlorites, manufacture, 5759, 5700 
Hypochlorous acid, properties, 4778 
Hypocycloid, deflnition, drawing, 1414 
Hypogene action, volcanic, 1206-1208 
Hypogynous flower, 347, 350 

B hosphites, deflned, 1161 

Qnusal error, in surveying, 263 
Hypotenuse, of triangle, deflnition, 4330 
Hypothesis, in geometry, 4208 


Hypsometer, for determining heights, 

I. 59, 593 

Hysteria, causes, 6263 ; importanci' in 
psychical research, 3665 
Hysteron-prot«ron, in grammar, 1616 

I.I.IM.T.A.I meaning of, 1069 
Iambus, iambic, 305. 328, 1766 
Iberia peuinsula, geography 2232, 2233 
Ice, 1738 ; density, 798 ; influence on 
navigation. 4498 ; regulation of, 
1740 ; ill sick-room, 6287 ; specillc 
gravity, 799, 1704 

Ice Age, in British geological history, 
1817 ; in Northern Kiiroi^e, 2255 
Ice-wafer, biscuits, 5495 ; inacliine, 3597 
Icefall, cause, 1638 
Icebergs, transport, of rock, 1814 
Iced colfee, recipe, 2:433 
Iceland, fissure eruption, 1207; geo- 
gra])hy, 1 .562 ; laiigiiuge attinities, 
1771 

Iceland spar, 768, 3849, 4554, 6738 
Ichneumon fly, 3722, 3723 
Jehthyoriiis, order of birds, 2214 
Iclithyosanrus, 2677 ; fossil, 2250 ; 

skeleton, plate /aeinff 4065 
leosuhedron, in drawing, 1747 
Idealism, deflned, 6464 ; Berkeley’s 
theory, 6408 ; in (ireck seulpture, 
2929 ; as opposed to materialism, 
6467 ; pliilosopliy of, 6257 
Ideas, practical value of, 75 : see also 
(iroun Inxlei, p'lge 0897 

— in philosophy, Kant’s theory, 20i:4 ; 

J. .ocke’s theory of 2013, 6256 ; 
natural selection in, place in social 
jirogress, 5390 ; subconscious ele- 
ment, 3183 : see also Innate 
ideas and Association of ideas 

Identity, in algebra, 2:i81 ; in logic, 
6100 

Ides, Roman calendar, 1182 
Idiot, weight of brain, 2144 
Igneous rocks, 528, 535, 2581 ; classifi- 
cation, 898, 1007 ; jointing, 1925 
Iguanas, description, 2678, 2079 
“ II Pensero.so,” Milton’s, 991, 995 
Ihuim, human, length, 570, 579, 580 
“ Iliad,” 3781 ; (’hapman’s trans- 
lation, 848, 849 

Ill-health, eontrusted with disease, 
causes, 5700 ; functional and 
organic, 5700 ; h<»w' life is short- 
ened, 2794 

Ilhiminants, for buildings, kimls, 6024 
lltuniination, MS8., 0275 ; books on, 
6728 

Illnnhnation : see Lighting 
Illustrating, women’s work and wages, 
;i22; for the Press, 6102, 0103 
Images, in light, formation, 2600 ; 
real and virtual. 2000, 2902 ; 

retinal, 2601, 3227 
Imagination and apparitions, 3625 
Immortality, in physical sense, anueba, 
278 ; liigher animals, 484 
Immunity, 6542, 6781 ; evolution doc- 
trine, 1030 , 1.587 ; moral, 6783 
Impact test, machine for, 1393, 1394 
Impaction, in cattle, treatment, 2624 
1 iniiarisyUabic, Latin nouns, 442, 754 
Impellers, in rotary pumps, 1686 
Impenetrability of mutter, 1265 
Imperative mood, Ki^lish, general 
rules, 608, 755 ; rrench forma- 
tion, 3060; (ferman, 1342 
Imperfect cliord, in music, 363 

— indicative, French verbs, 2486 

— tense, Herman use, 3501 
Imperial Civil Service, 3476 ; Colonial 

services, 3548, 3741 

Imperialism, imperlect form of govern- 
ment, 4371 

Impersonal verbs, Kngli.sh, 902 ; Her- 
man syntax, 2490 ; I^atin, 1047 
Imposing stones, in printing, 5252 

— table, compositor’s use, 5159 ; in 

stereotype foundry, 5556, 5557 
Imposition, in printing, 54.58 
Impressionism in art, French, 724, 4302, 
4394 ; its nature, 4302 
Imprest system, bookkeeping, 2202 
Improvers, in dressmaking, 2438 
Improving, spun silk, 2597, 2598 
Impulse turbines, 1088, 1691 


” Inborn ” ch,aracters, deflnition, 486 
lu-calfor, deflnition, 2238 
Incandescent gas burner, construction 
and use, 6026 

— lighting: see (^as 
Incense, recipe, 4972 
Inceptive verbs, Latin, 1047 

Inch, unit of measurement, 226, 1147 

— tool, 532 

Inehgarvie caisson, 1403 
Incidefice, angle of, in light, 2599, 2600 
Incised carving, wood carving, 0040 
Jneisor teetli, 577, 578, 1005 
Inclined jilane, 684 ; application, 687, 
834 

iTicome, taxable items, 3335 

— tax, abatement and exemption 

conditions, 3335 ; incidence, re- 
turns under schedules A, etc., 
3333 ; relation of stock in hand 
and profit accounts, 2421 
Incubator, use, construction, 5203 
Incus bone, of ear, 2533, 2534 
Indefinite adjective, article : see under 
Adjective and Article 
Index, in algebra, 1818, 1994, 3412 

— in anthropology, explained, 1786 

— in arithmetic, explained, 1264 
Indexes, numbers of entries in well- 

known V)ooks, 4820 
Indexing, in business, 6520 ; card 
system, 4819 ; journalist’s method, 
4817 ; pay for women, 322 
India, aborigines, descript on, 1789; 
carpet mamifarture, 3360 ; Chinese 
trade, 5659 ; civil appointments, 
34 76 ; eoalflelds, 2820, 2822, 

5304 ; coins, weights, and measures, 
modern, 410; coniincreial oppor- 
tunities, 6212 ; cotton industry, 
222. 383, 3S5, 386 ; craniology, 
1785 ; Diiteli trade, 5826 ; eco- 
nomic* conditions, 5:180 ; English 
empire founded, 5555 ; flax indus- 
try, 717 ; fon^stry, 4602 ; geo- 
graphy of, 2818, 2819, 2820, 2972 ; 
g(K)ds transport, method, 2153 ; 
hemp production, 718 ; history of, 
417, 974, 6549 : books, 2618, 55.55 ; 
irrigation, 548:i ; labour eonclitions, 
6629 ; population, 628, 030 ; ramie 
cultivation, 720; salt tax, 1600; 
sea flsher>% 5318; silk industry, 
1247; trade, character of, 5379; 
wools, 72, 220 

Indian army, promotion, 4200 
Jndinii civil service, 2251, 3476 

— cress. 353 ; climbing, 504, 505 ; 
nectaries, 730, 731 

— forest service, 4929 

— game, fowls. 4660, 4002, 4954 

— hemp, 6885 

— ink, drawing with, 284, 1792, 1194, 

5365 ; for model drawing, 2729 ; 
shading medium, 1533 

— medical service, 5428 

— mutiny, 2786, 6550 

Indian Ocean, continental shelf, 298 ; 
currents, flg., 557, 558 

— police appointments, 3478 

— shot, 355 ; culture, 6492 

— staff corps, career in, 161 

— yellow, pigment, 871 

Indians, Anieric^an, distribution, 027, 
629, 4065; etlinology, 1789; 

origin, 215 ; skull measurement, 
1785 

Inciiarubber, artificial, Fenton’s, 5309 ; 
artificial production, and cost, 
5311 ; block, production, 5048 ; 
blooming, 5313 ; Brazil, exports, 
5380 ; eeara, 5048, 5049 ; chem- 
istry of, 808, 5311 ; composition, 
808, 5311, 6030 ; Congo Free 
Htat.e, exports, 3683, 5380 ; crude, 
5311, 5313 ; destructive distilla- 
tion, 5312 ; in drain construction. 
782 ; drawing with stumps and 
chalk, 1537, 1538; hard, 5310; 
industry, origin and growth, 
5045 ; insnlation, 672 6793 ; 

latex collection and preparation, 
5046 : manufacture, 5199-5203 ; 
moulding, 6201 ; packing in den- 
tistry, 6031 ; Para, preparation, 
5047; physicaLcharacteri8tics,5313; 

. 6957 
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Indiarulthtr-— continued 

pigments, 5203 ; preparation, 808 ; 
raw, 5199; recovery, 5309; root, 
extraction, 5048 ; semi>hard, 5310 ; 
sheets, manufacture, 5200 ; S. 
American, 4287 ; source, 4284, 4658, 
5045 ; specific gravity. 1704 ; sub- 
stitutes and their manufacture, 
5309 ; tapping tree, 5049 ; uses, 
4658, 5310 ; varieties, 808 ; vui- 
cafiisation, 4658, 5201, 5312, 6030, 
6032 ; waste, 5309 ; waterproof 
industry, 5045 

— erasers, introduction, 5045 

— plant, 354, 5045 ; cultivation, 5046, 

5049 ; wiid, Paraguay, 4288 

— tiling, use and laying, 5310, 5511 

— workers, employment, 2656 
ndicative mood, English, general 

rules, 608, 755 ; French, 2924, 
3060, 3211 ; German, 3502 
Indicator, railway, 4688 

— telephone, 5683, 5GS4 

— test, for machine tools, 3DC3, 3965 

— Wheatstone ABC, 5177, 5178 
Indieolite (tourmaline), 5853, 5856 
Indifference point, psychoh^y, 2518 
Indigestion, causes, 867, 2878, 3600, 

5841 ; diseases due to, 5842 
Indigo, dye, artiflciai, 5463 ; pre- 
paration, 6196 ; Indian exports, 
5381; natural. 6781, 67S2, 6885 ; 
test in cloth, 5599 ; in textile 
printing, 4501 

— pigment, 871 

— plant, 353 ; gum in India, 2820 
liuligotera, dye plants, 5781 
Indirect expenses, in bookkeeping, 

3419 

Indirect speech : nee Oratio obliqua 
Individual, relation to society, 5245, 
6247 ; welfare of the ** self," 5247 
Individualism, social force, 5533 
Individuality, a case ot heredity, 5386 ; 
condition . of liunmn progress, 
5388 ; transmission to offspring, 
5386 ; in study of so<’iology, 4278 ; 
w<»rth to society, 5388 
Individuation, in woman and man. 
4827 

Indo-China, geography of, 2972, 2973 
Indo-Kiiropean languages, 1771 
Indo-Europeans, ethnology, 1790 
Induction coil, invention of, 129 
Induction, in electricity, 949 ; alternat- 
ing, 1357; right-hand rule, 1105 

— In logic, 6999 ; application to 

sociology, 3872 ; iii chemistry, 
401 ; formation in logic, 6007 ; 
imperfect, 6000 ; test of, 6003 

— motor, 1909 ; eee aleo Three-phas«* 
Indus, river, course, 2563, 2818, 
Industrial assurance, system, 3224 

— careers, employment conditions in 

British trades, 2641 2642,, 2656 

— labour, kinds of, 6519 

— shares, co-operative value, 3484 
Industrialism, highest end of, 5097 ; 

compared with militarism, 2393 ; 
prostituted to militarism in Ger- 
many, superior in U.S.A., 5097 
Industries, Jintish, shopkeeping, 43 

— origin of, 4516 
Industry, classification, 1 

Inertia, 312 ; Newton's first law, 424 ; 
moment of, 1985, 1987 ; in relation 
to oscillation, 3747, 3748 
Infancy, heredity, and capacity of 
making acquirements, 1586 
Infant, clothing. 3744, 3853 ; feeding, 
674 ; nursing, 4682 ; open air 
exercise, 4683 • tear secretion, 
2400 ; temperatnre of, 440 

— mortality, 2794, 4528 ; from fer- 

mented milk, 3535 ; from improper 
feeding, 46S1 ; need of medical 
women, 4974 ; result of mother's 
employment, 4667 ; a social pro- 
blem, 4124 

“ Infant Samuel,” picture, by Sir 
Joshua Reynolds, 4393 
Infantry, corps, service and pay, 4198 ; 

Foot-guards, 3840 ; Line, 3840 
Infection, resistance to, 0543 
Infectious diseases, caused by bacteria, 
106 ; ill evolution of man, 1029 

6958 


Inferior maxilla, human. 1604. 1605, 
2144 

Inflnitive mood, English, 608, 756 ; 
French, 2048, 2924, 3353 ; German, 
1621, 3501 ; Latin syntax, 1048, 
1334 

Inference, in logic, defined, 6999 
Inflexion, in grammar, explained, 
116 

Inflexions, of verbs, English, 608 
Influenza, 5412; ctTects, 6260 

— in cattle, treatment, 2623 
Ingestion, biology, definition, 276 
Inhalations, in nursing, 6288 
Inhibition, mutual, of two reflex actions, 

2258; in psychology, 2117, 2//.V; 
in relation to free-wdll doctrines, 
2996 ; relation to will, 2993 ; 
of one sense by another, 2258 
Ink, 5365 ; in architect's drawings, 
5421 ; black, recipes, 5360, 5646 ; 
coloured preparation, 5367 ; in 
engraving, 6112, 6483 ; kinds, 
5365 ; materials for, 5360 ; press 
illustrator’s, 6104 ; recipes, 5366, 
5367 ; stains, removal of, 2590 ; 
sympathetic, composition, 5985 ; 
in technical drawing, 2793 ; for 
vellum, 6275 

— primer's, 1037, 5462, 5745 ; pre- 

paration, 5367 

— writing, 10:i7 ; chemlstry^ and pre- 

paration of, 5366, 5367 
Inland Revenue department, typical 
career. 22.50; statf, 2765 
Inlaying, cabinet making, 0581, 6583 
in jewellery, 5858 
Innate, in biology, deflnition, 485 

— ideas, Locke's rcgalation, 2013 
Innominate, iiip-bone, 1708 
Inns of Court, fees, etc., 162 
Inorganic chemistry, 237 ; scope of, 

135 ; see also under Chemistry 
Inquisition, in Spain, 4396, 4397 
Insalivatioii, process of, 577, 674 
Insanity, caused by alcoholism, 5815 ; 
book on, 5424 ; forms, treatment. 
6261 ; importance in jwiychlcal 
researcli, 3665 

Inscribed circle, in geometry, 744 

— figures, in geometry, 1084 

Insect pests, principles of extermina- 
tion, 1666, 1007, 1668 

— trap, of arum, plate facing 728 
liisectivora, chameters of, 1493, 1763 : 

development of claw’s, 1871 ; 
parachuting apparatus, 2037 ; 
swimming apparatus, 2038 
Insects, 3361 ; in agricuitiiro, 1666, 
1007 ; evidence of consciousness, 
3117; eyeless, 2403; food of 
birds, 2493 ; forest i»ests, 4925, 
4927 ; fossils, 2254 ; function in 
plant propagation, 348 ; mem- 
brane-winged, 3722-3727 ; plants 
which eat, 507, 508 ; plants, 

protection against, 1114; ns 
polleti-carriers, 730 ; societies of, 
4123; timber, deterionition from, 
3545 

Insertions, infant’s garments, 3740 ; for 
underwear, 3094, 3589 
Inspection-chamber, drain, 734, 735 
Inspector, Board of Education, 3303 

— of engineer’s worksliop, 3961 

— locomotive, duties, salary, 4601 

— of nuisances: see Nuisances 

— police, qualiflcations, salary, 1407 

— railway, wages and duties, 4591 

— of weights and measures, 787 
Inspiration, physiological, analysis of 

air in, 1302 ; mechanism of, 1300 ; 
tiirough the nose, 2538 

— psychological, 3184 

Instinct, biological theories, 1588 ; 
and lieatth, 2604 ; opposed to 
Intellect, 1945 ; relation to emo- 
tions, 2694 

Institute of Actuaries, 4729, 4730 
Institute of Chartered Accountants, 
148, 3919. 3920 

Institution of Civil Engineers, 157. 

160 ; value of diploma, 453, 574 
Instrumental case, Greek, 6668 
Insulation in electricity. 464, 672, 1660 ; 
cables, 6546 


li^—lon 

Ingnlaton, electric, 672 ; ^ cable, 6547, 
0705 ; tramway, 1935, 1963 ; 

teleplione wires, 6324, 0325 , 
Insurance, 4894 ; lu bookkeeping, on 
balance-sheet, 2882 ; branches 
business, 4725 ; general advice as 
to, 322*1 ; industrial : see Life 
assurance, industrial ; literature, 
4725 ; scope, 4725 ; suspense 
account, in bookkeeping, 2882 

— offices, clerk’s wages, 44 ; posts, 

salaries, 162. 4725 

— see also Fire insurance. Life assur- 

ance, etc. 

Intaglio, wood carving, 6137 
Integer, mathematics, defined, 546 
Integrator, use in railway locomotive, 
5105 

Intellect, distinguished from mind. 
3118; practical relations of judg- 
ment and criticism, 1945 : see 
also Psychology, Reason, etc. 
Intensification, photo., 6682 
Interceptiiig-chamber, drain, 735, 738 
Intercostal muscles, 1300, 1302 ; nervt^s, 
1941 

Intercrossing, of species, 1 030 
Interest, in bookkeeping, on deposit 
receipts, 4444 ; adjustment in 
partnership concerns, 2978 

— in arithmetic, rules, 1127 

— rates in Rome, ancient, 1334 

Interference, in physics, 2319, 3229 
Interjections, English, 116, 1337 ; 

French, list, 5229 ; German, 2920, 
3789 ; Italian, 6524 ; Spanish, 
list and use, 5229 

Internutional inuebtedness, factors, 3973 
Intcruodes, stem, 170; suppression of, 
forming rosettes, 171, 173 
Interpretations, Bacon’s argument. 
6000 

Interrogation, English grammar, 1471 ; 
English pronouns, 00.5 ; Esperanto, 
5088 ; French, 3.500 ; French 
pronouns, 2047, 2636 ; German, 
1055 ; German pronouns, 2488 ; 
in Italian, 2046 ; Latin, 003, 
1470 

Interval, in music, general account, 273, 
2311 \ in harp playing, 3398', 
jaanoforte playing, 1507, 1508 
Intestines, digestion, 675; structure, 
Intima of blcKid-vessels, 953, 955 
Intonation, violin, 2311 ; testing, 2413 
Intra-atomic energy, meaning of, 36 
liitra-etdlular respiration, 1295 
Intransitive verb, 608 ; German syntax, 
2489, 3355 : see also Verbs 
Introspection, in psyciiology, 2012 
Intuition, psyciiic theory of. 3288 
Inventions : see Ideas and Patents 
Inventory, auctioneer’s, 4983 
Inverse squares, law of, in astronomy, 
6242 ; in gravitation, 664 ; in 
light, 2435 ; in sound, 2101 
Inversions, in harmony, 366, 566, 631 : 

see also Bass, tigured 
Invert sugar, soun'e, preparation, and 
use, 3653, 3705, 4166 
Invertebrates, general description, 31 ; 

compared with vertebrates, 275 
Inverted coniinas, use of, 1471 
Investment, general principles of, 3225, 
3482 ; how showui on balance- 
sheet, 2758 ; " reserve fund ” 

problem, 2883 

Invoice, as a business contract, 6.58 ; 
filing methods, 2270 ; foreign, 
3683 ; guard book, jountal, 2269 ; 
lo(jse-lcaf, 0522 ; railway consign- 
ment, 5072, 5073 ; rules, 077 

— book, function, 778 ; use and 

example, 978 

Involuntary muscles, human, 1711,1712 
Involute, in geometry, 1413, 1414 
Involution, in algebra, deflnition, 3411 
liiwood’s valuation tables, 5152 
Iodine, antiseptic value, 3271 ; from 
” caliche,” 5587 ; chemical proper- 
ties, 1445, 4403 ; from seaweed. 
1360 ; in testing starch, 4557 
Iodoform 3271 ; U*st for alcohol, 3019 
Ion, in4[)hyslcs, 3260, 3261, 4022, 4563 ; 
in gases, 4104, 4699 ; movement. 
4022, 4668 ; in solutions. 4698 
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Ionic ^er of architecture, 20^5, 23S8t 
2s 59 ; Koman, 2032 

Ionic volute, problem, 1413^ 1414 

Ipecacuanha, drug, 6885 

Ireland, afforeBtation, 4602 ; agricul- 
ture, 986 ; climate, 984, 985 ; coal- 
fleldB, 5304 ; communication by 
river, -canal, and rail, 1367 ; educa- 
tional facilities, 483, 1777, 1781, 
3505, 3508 ; farm servants, wages, 
8001 ; geography of, 984, 1365 ; 
Imaginary submergence to 600 ft., 
982, 9S3 ; industries, 1025, 1365 ; 
local government, 317 ; mortality 
statistics, 2662 ; police forces, 
1406, 1409 ; provinces, 1365 ; 

triangulation survey, 1143 ; univer- 
sities. 483, 1782 

— history of, to conquest by Henry II. 

of Kngiand, 2608 ; Robert Bruce 
crowned, 307.5 ; Richard 11., 
3250 ; rciHdlions in Klizabcth's 
reign, .3909; James 11. ’s cam- 
paign, 4842 ; rebellion of 1798, 
5973 ; famine (1846), 6691 

Iridhini, chemistry of, 1446 ; melting 
point, 3837 : see also Osmiridium 

Iris, of eye, anatomy, 2400, 2401, 2952 

— garden culture, 6489, 6490 

— order, classltlcation, 355 

Irish, high i<ieal of parentage, 4665 

— language (Krse), classification, 1771 

— moss, habitat, use, 3491, 6885 

Irish Sea, geology of inlets, 1354 

— stew, cooking, 1737 

Iron, aceonnt of, 231-236, 1044, 4464 ; 
analysis of, 4413; in art metal 
work, 5687, 5689 ; harffiiig, 6577 ; 
bowling, pr(M!esK, 4636 ; in bridge 
building, 2498 ; blowing, in steel 
production, 4907 ; blneing, 6573 ; 
cast, casting : see belote ; cliemistry 
of, 1044, 1045, 4466 ; conductivity, 
1397, 3839 ; corrosion, 6571 ; 

crystals in, 3838 ; distribution, 
3771 ; distribution in (treat Britain, 
987, 988 ; early history of use, 
4465 ; in earth’s crust , proportion, 
239, 624 ; electric refining furnace, 
5757, 5758 ; electric resistance, 
672 ; electro-plating, 3421 ; ex- 
traction, 1044, 5757 ; food of 

plants, 167 ; French manufacture, 
1681 ; graphite moulds, 1157; in 
human body, 438 ; lamination, 
3108 ; latent heat, 1740 ; in living 
matter, 1046 ; magnet , 559 ; 

magnetic deposits, 5306 ; mag- 
netisation, 6245 ; malleable, stnie- 
ture of, casting, 3938 ; plate 
follomng 3930 ; manganese in 
working, 362 ; melting-point, 3837; 
milling, 2847, 2848 ; occurrence, 
624, 839; 5757 ; painting, 5834 ; 
physical properties, 1396, 3837, 
4464 ; pig : see heJow ; properties, 

4464 : proportion in earth’s crust, 
239, 624 ; puddled, hammering 
and rolling, 4637 ; recarburisation, 
6014, 5015 ; reduction methods, 
4466, 6753 ; refining processes, 

4465 ; electric, 5758 ; reheating, 

4638 ; rustless, 1332 ; in ship- 
building, advantages and dis- 
advantages, 5260 ; smelting in- 
dustry, 5306 ; smithing, 5687, 
5689 ; in smiths’ work, 3108, 
5687, 5689 : compared with steel, 
2022, 2983 ; in sun’s spectra, 
4136 ; tensile strengtli compared 
with nickel, 5901 ; test, 4409 ; weld- 
ing, 2990, 6453 ; W’orld’s supply, 

6306 

— •’ building-in ” brickw’ork, 2613 

— cast, 231-236, 4464 ; aluminium in, 

6993 ; in art metal-work, 5689 ; 
in building construction, 14.54; 
cheapness, 206 ; chilled, 235 ; 
components, 3938 ; compression 
tests, 1392, 1394 ; contraction in 
cooling, 1397, 2342 ; how indi- 
cated, 2792 ; frietion data. 959 ; 
fusing point, 5981 ; “ head ” 

casting, 1404 ; malleable, 235« 
1304, 4465, 5993 ; and manganese, 
862 ; manufacture, 1044 ; in 


pattern-making, 2456 ; paper manu- 
facture, 5319 ; resistance to stresses, 
208 ; soldering, 6459 ; strength 
statistics, 1393. 1396 ; sulphur, 
phosphorus ana manganese in, 
1044 ; testing, 1394 ; variations in 
strength, 211 ; varieties, 235 
Iron, corrugated, 359, 2998 

— founding, cupola furnaces, 2862 

— foundry, 2866, 2867 

— galvanised, 359, 6168 

— ores, analysis, 4416; composition, 

table, 4466 ; Cumberland deposits, 
2379 ; distribution and varieties, 
231 , 5306 ; iron percentage, 3835 ; 
reduction, 232-236, 4466, 6763 ; 
world’s production, 5307 

— oxide, paint, 1036, 3942 

— oxides, compositiem, 4466 ; distribu- 

tion, 231 ; composition, 767 

— phosphates, in clay, 1179 

— pig, Bessemer, 4907 ; German 

varieties, 4465 ; grey, phosphoric, 
composition, 4910; production, 
4466 ; in steel manufacture, 501 3 ; 
varieties, 4464 

— pyrites, composition, 768, 840, 

1044, 4466 ; in Oxford <day, 
1279 ; in sulphuric acid manufac- 
ture, 1287, 4625 ; typical specimen, 
plate JaHng 1345 ; use, 5306 

— sulphate : see Ferrous siilpiiate 

— wrought, 231 : aluminium in, 5992; 

in art motal-wcrk, 5688 ; Bessemer 
process, 1045 ; in building, 1454 ; 
composition and properties. 39.38, 
446.5 ; cold-shortedness, 362 ; com- 
pressive strength, 1392 ; finery 
method of production, 4635 ; fric- 
tion data, 9.50 ; magnet, 560 ; 
manganese in, 362 ; manufacture, 
1044, 4635 ; puddling. 4635, 4636 ; 
source, welding, 5688 ; specific 
gravity, 799, 1396 ; strength, 

1391-1393, 1396, 1397 
Ironfounders, employment, 2645 
Ironing, laundry, 2476, 2910, 2066, 
2967 

Ironmonger, business of, 47, 3572 
Ironplate workers, employment, 2647 
Irons, in bootinaking, 4018, 4140 ; in 
dress, 1.553 ; in tailoring, 1110; 
lanndrj’, 2476, 2477 ; milliner’s, 
4566 ; shoemaking. 3875, 3876 
Ironsides, Oromw'ell’s, 4553 
Iron.?tone, iron ore, 231, 4466 ; working, 
2848, ,3771 

— miners, employment conditions, 2642 
Iron wood, strength of timber, 1260 
Ironwork, books on, 2764 ; builder’s 

structural, .5791, 5793, .5794, 

5795 \ ornamental building, kinds, 
5795, 5796 ; see. also Art metal- 
work ; in carpentry, 3543, 3546 ; 
ugliness, 5688 

Irregular figures, in geometry, 1252 
Irrelevant conclusion, in logic. 6100 
Irrigation, 5843 ; agricultural, 1379 ; 
Babylonian system, 17 ; in early 
Egypt, 420 ; Egyptian methods, 
3451 ; in India, 2818; methods 
of, 4497 

Irritability, property of protoplasm, 276 
Irving, Washington, essayist, 3781 
Isinglass, from sturgeon, uses, 811, 
5360 

Isis, goddess, in F^gypfian religion, 420 
Island, geographical definition, 400 
Island of rheil, in cerebrum, 2146 
Isobars, 300 ; of the world, 297 ; ol 
British Isles, 985 
Isoclinic lines, definition, 4246 
Isochronous oscillations, 2017 
Isogonic lines, definition, 4246 
Isolation, in evolution theory, 1030 
Isomerism, in chemistry, 3141 
Isoprene, sources, use, 5,311, 5312 
Isosceles triangle, 494 ; definition, 4330 
isothermal lines, of gases, 1806 
Isotherms, Asiatic, 2564, 2565 ; of 
British Isles, 985 ; of Europe, 
853 ; of Germany, 1974 ; meaning 
and uses, 297, 300 ; North 

America, 4064 ; of the world, 297 
Israelites, history to Babylonian cap- 
tivity, 665 ; slavery in Egypt, 421 


Italian language, English importations, 
1 770 ; idiomatic expressions, 4793 ; 
idioms with regular verbs, 3643 ; 
Latin and (ireek root words, 6810 ; 
pronunciation, 2043 ; tourist vo- 
calnilary, 1957 ; translation 
charges, 1920 ; traveller’s phrases, 
1957 ; titles of address, 6524 

— sixth, in harmony, 567 

— warehouseman,' trade merged in 

grocer’s, 3041 

Italy, beer consumption, 3377 ; biblio- 
graphy, tourist’s, 948 ; climate and 
travel, 394 ; coins, weights and 
measures, modern, 410 ; economic 
conditions, 5823 ; ge.ography, 
2230 ; map, 2231 ; Gothic archi- 
tecture, 3375, 3370 ; (iothic art, 
3518; (ireek remains, 2859; 
population, 028 ; Romanesque 
architecture, 3231 ; silk industry, 
582 : touring directions,947 ; trade, 
5659, 582.3 

— history, after Roman Empire, 2354 ; 

to ninth cemtury, 2945 ; in Middle 
Ages, 4320 ; 1529 tO 1900, 6303 

— liferatiire, 3780; influence on 

Gliaucer. 325 ; influence on English 
fiction, 2962 ; modern, 3781 
Item in hot-air systems, 1808 
Ivan 11., 111., and IV. of Russia, 6200 
Ivory black, pigment, 812, 871, 1167 
Ivory, 6886; carving, 3518, 6299; 
Congo exports, 3.583, 5380 ; dyeing, 
6767 ; fans, manufacture, 6300 ; 
imitation, (»299 ; for penknives, 
5474 ; of razor, manufacture, 
5478 ; sources and countries pro- 
ducing, 3583, 5121, 6299; gpecifle 
gravity, 1704 ; substitutes, 6299 ; 
varieties, uses, 811 

— of teeth : see Dentine 

— vegetable : see. Vegetable ivory 
Ivy, 353 ; growth, .504, 505 ; leaf 

mosaic, 506, 506 

JACK, hydraulic, 1220, 5677, 5679 
.Tack plane, use, 3385, 3387, 3756 

— telephone, arrangement, fisc, 5880 
Jackdaw', 2210, 2495 

Jacket, combing, 3591 ; man’s lounge, 
27.52, 2753 ; sacque, 2470 
Jacquard, of looms, 4970, 4980 

— loom, 224, 3684, 3685 

— textile machine, 3909, 3911, 3912 
Jalap, uses, 6886 

Jam, adulteration, 3718 ; making, 
4846 ; preservatives, 4847 
Jamaica, geography ot, 4178 
Jambs, in building, bonding, 2784; 
window', 1949, 1950 ; quantity 
surveying, 6509, 6510 
Jame.s 1., of England, reign, 4551 
James II., of England, reign, deposi- 
tion, 4841 ; Irish campaign, 4842 
James, Henry, novelist, 3780 
James, i*rof. Wm., on acquisition of 
physical habit, 3183 ; on cases of 
indomitable will,” 2993 ; on 
conreption, 2804 ; on emotion, 
2695 ; on habit and memory. 
2259 ; on pragmatism, 6470 
January, origin of name, 1182 
.Tapan, ancestor worship and family 
life, 4665 ; art training, 341 ; 
coalfields, 3161, 5659; coins, 

weights and measures, 410 ; earth- 
quakes, 1208 ; economic condition, 
5659 ; geography, 3158 ; history, 
6094; increas.i of trades, 1156; 
landscape painting, 4302 ; popu- 
lation, 628; trade, 5379, 5659; 
trade with F.S., .5664 

— wax, properties, use, 1033, 4835 
Japanese, art, brusli drawing, 113 ; 

indnstrini skill, 3161 ; skiilt measure- 
ment, 1785 ; language, note on 
structure, 1789 ; stencilling, 6977 
Japanese leather papers, w’all, 5828 
Japanners’ gold size, painters’, 5832 
Jargoons, precious stones, 5852, 6853, 
5855, 6738 : see also Zircons 
Jarrah, 6886, acreage, W. Australia, 
3235, 4668 ; timber, 67. 1261 
Jasmine, perfume extraction, 4969 

— cultivation, 6322 
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Jasper, precious stone, 5856, 6738 
Jaundice, 5812, 6038 ; remedies, 6038 
Java, coins, weights and measures, 400 ; 

geography, 3161 ; nasal index, 1786 
Java sparrow, classification, 2200 
Jaw, of arthropod and backboned 
anlmais, 8861 ; as basis of anthro- 
pological classification, 1786 
human, bones of, 1604 , 1605 ; condyle 
of, 577, 578 ; Joint of bones, 1709 ; 
modelling, 1511 ; in singing, 6049 

— teeth cutting, 576 

Jaw, shearing machine frame, 4204 
“Jaw crusher,” in building, 1582 
Jay, classification, 2210 
J eating, term in tailoring, 2874 , 2875 
Jeffrey, Francis, Lord, statesman and 
litterat^iur, 2309 
Jeffreys, Judge, career, 4841 
Jeiunum, human, 576, 579, 689 
Jellies, fruit, kinds, manufacture, 4848 
Jelly-fish, 4083 ; description, 40S(i 
Jerboa, development of Umbs, 1871 
Jerrold, Douglas, author, 1152, 3439 
Jersey, Channel Is., 1367 ; history, 
2611 

Jersey, cattle, description, 3667 
Jerusalem, captured by Nebucliad- 
nezzar, 667 ; the Cnisade.s, 2674 ; 
taken by Titus, 1940 
Jerusalem articliokea, k la creme, 2127 
Jet, 5856, 6886 

Jettison, In marine insurance, 4864 
Jetty, timber construction, 1453, 1454 
Jewel water filtration system, 4099 
Jeweller’s tools, 6857 
Jewellers, business of, 47, 3732 ; com- 
bined with watchmakers’, 5788 ; 
employment conditions. 2647 ; sil- 
ver and electroplate department, 
5223 

Jewellery, 5858 ; books on, 5860 ; 
centres of production, 5856 ; hall- 
marking, 5860 ; hand and macliine 
made, 6860 ; nations productive 
of best, 5521 

Jew'els, goldsmithing, 5687, 6688, 6858 
Jewish ministry, 6602 
Jews, ancient art, 2660; continuity 
of race and family life, 4664 ; 
in England during William I.’s 
reign, 1066; ethnology, 1790; 
Hadrian’s attempt to suppress, 
2069 ; history of, 665 ; regard for 
parents, 4665 ; rising under Ves- 
p^ian and Titus, 1940 ; in 
England in Middle Ages, 146 
Jib, of crane, 542 ; e^st iron, 544 

— cranes, in foundries, 2866 

— forces acting on, 416 

— timber, 4644, 4645 
Jibboom, sending out and in, 6400 
Jig, in workshop practice, 3634 
Jigger, hydraulic, 5676, 6677 

— dyeing machine, 6368, 6370 

— in wireless telegraphy, 3895, 3897 
Jiggermast of sailing ship, 5390 
Joan of Arc, 3464 ; death, 715 
Jobm^ters, business of^ 4189; trade 

recipe, 4972 
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Joggling, in masonry, 3035, 3038 
J(mn, King of England, 2914 
John II., King of France, 8076 
John Dory, fish, shape of body, 3069 
John of Gaunt, patron of Chaucer, 326 ; 

stewardship, 3076 3249 
Johnson, Dr. Samuel, 2d5J ; biography, 
1150 ; criticism of the Chesterflefd 
“ Letters,” 2139, 2140 ; dramatic 
work, 1150; on health, 2664; 
on poetry, 304 ; on reading, 106 ; 
“ Eosselas,” 3132 

Joiners as undertakers, 5786 ; employ- 
ment conditions, 2643 
Joinery, books on, 6349 ; building up, 
6296, 6299 ; cases, 5293 ; chamfers. 
5179, 6181 ; compared with cabinet 
making, 6570 ; curved work, 6295, 
5296 ; detail drawings, 6696, 5696 ; 
drawings on rod, 5604 , 6606 ,* 
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position of, 2514, 6181, 5182, 6183 ; 
Joints : see Joints ; marking out, 
6298, 6299 ; panelled frames, 5293, 

6295 ; quanuty surveying, 6513 ; 
scope of modern, 6179 ; screws 
used in, 5294, 6295 ; splayed work, 
5296, 6297, 6299 ; timber used in, 
54 

Joint, rule, of flap table, 6588, 6589 
Joint-boards, In moulding, 2540 
Join fed-limbed animals, 3361 
Jointer, use, 3385 
Jointing, in pattern-making, 2456 
Joints, brazing, 3884 ; cot.tered, 8133 
8389, 8 »93 ; engineer’s copper- 
smithing, 3887, 3888 ; flush, 3884, 
3885 ; hydraulic test, 3964 ; In 
railway construction. 3607 ; sock- 
eted, 3884, 3885 ; Boldnrlng, 3884 ; 
in staging, 1175, 1176 ; in steam 
and hydraulic work, 3694 ; stone- 
ware sewer pipe, 4460, 4461, 4462 ; 
varieties and construction, in 
drawing, 5351, 5352 

— In carpentry, 3843, 4042 ; clump, use 

in bridges, 4642, 4043 ; cogged, 

4042, 4043, 4044, 4115, 4116; 

doubled-notched, 4043, 4044 ; 

dowelJed, 3845, 3847 ; edge, 3844, 
3845, 8846 ; fished, 4115 \ glued, 
3844, 3845, 3846 ; hnlf-Iap, 4039, 
4041, 4111, 4112 \ in heavy car- 
pentry, 4111-4116 ; housed, 4042, 

4043, 4044; mitre, 4111, 4112, 

6296 ; mitred elbow. 6629, 6630 ; 
nailed, 3843, 3844 ; notched, 4043, 
4044 ; rece-ssed, 4042, 4043 ; room 
partitions, 4448 ; scarfed, 4115, 
4116; screwed, 3843; square, 
4115, 4116; stepped, 4043, 4044 ; 
stub-tenon, use in uniting timbers, 
4642, 4643 ; tenon, 4089, 4041, 
6293 : tongued, 3846, 3847, 6293 ; 
trimming, 3848 ; wall plate, 4248, 
4249 

— geological, 1924 ; coast erosion, 

1813; in igneous rocks, 2066; in 
mining, 2377 

— human, 1709, 1710 ; leverage, 1797 

— in joinery, halving, 6294, 6295 ; 

hammer-headed key, 5181, 5182 ; 
in ringed woodwork. 5296, 6298 ; 
secret fixing, 5295. 5296 ; scribed, 
6183 ; splayed and tongued, 5296, 
5299 

— in masonry, 2267, 22«8 ; galleting, 

8036 ; heading, of masonry dome, 
8146 ; horizontal, 2168 ; joggled, 
2388, 2783, 3038 ; mason's, 3036 ; 
mortar, of rubble work, 3036 ; 
rebfiting, 3039 ; saddle-back, 3035, 
3039; straight. 2168, 2172- 

strengthening, 3038 ; sunk, formed 
by rebate. 2842, 3035 ; tabling, 
8038 ; V-form, 3035, 3036 ; vertical, 
2168, 3144 ; voussolr, 2842, 8036 

— in moulding, 2337, 2339 ; open, 

2454, 2455 ; plane and non-plane, 

9.111 9113 9A\d. 


ui tvn/j wuixVf 

in purlins, 4261, 4252 ; rolled type, 
5051 

— aee alto Joinery 

Joint-stock companies: tee Limited 
companies 

Joist section, in girders, 544 ; in 
plating shop, 3096, 3108 
Joists, ceiling, use, 4445, 4447 

— floor, 4445, 4446, 4447; use with 

concrete, 334 ; underpinning, 918 
Jollying, pottery manufacture, 5233, 
6235 

Jones, Inigo, architect 3946 
Jonson, Ben, 845, 847, 840 import- 
ance os prose-writer, .642 ; in- 
fluence of Lyly, 2963 
Jonval turbine, 1689, 1692 
Jordaens, Jacob, painter, 3948 
Josephus, historian, translation. 2141 
Joule, energy measuring experiment, 
289 ; on magnetic sound, 4245 
Joule's law of electric beating, 8030 


Journal, bookkeeping, 979, 1467 : bad 
debt entries, 1568 ; compared Witli 
ledger, 175U ; hotel bookkeeping, 
8568 ; and invoice guard book, 
2270 ; of~limited con^any, 3187 ; 
old and new metliods compared. 
1864 ; and petty cash book. 2201 ; 
relation to casli account and stoek- 
taking, 2410 

— box : tee Axles 

— design, 3137 ; axle-boxes, 3286 
Journalese style, instances, 4578 
Journalism, 162, 3810 ; choice of 

subjects, 4672 ; conditions, 8976, 
4672 ; early English papers, 2142 ; 
earnestness, value of, 4581 ; eigh- 
teenth ceutiury, 1901 ; free-lance, 
career, 4671 ; ideal contributors, 
4674 ; importance in literature, 
2308 ; incomes, 4075 : missioti 
of, 4820 ; newspai^r editor, 4429 ; 
newspaper, training for, 4581 ; 
4674, 4675 ; relation to literatnre, 
IKiwer of, 3810; preparation foi, 
3974 ; reHilties, interest of, 4073 ; 
rejected articles, 4074 ; relation to 
literature, 2685, 3559, 4232 ; 

women’s career, 322, 4875 ; writing 
for the Press, 4577 

Journalist, 3074, 4820 ; appeal to the 
public, 4581 ; books indis^nsable 
to, 4810 ; character and career, 
3810 ; collcclion of newspai>er cut- 
finejs, 4815 ; education, 3976 ; free- 
lance, 4671 ; oi^anisation of know- 
ledge, 4815 ; in reporting experi- 
ence, 4196; system of work, 4815 
Jonrneym in, deftnitiou and work, 147 
Judah, kingdom of, history, 667 
Judgeships, 6748 

Judgment, importance in life, 1945 
Jug, manufacture, 5233, 6236 
Jugular vein, 1195, 1196 
Jiiiian calendar, explained, 226 
Julius Ciesar : tee Cinsar, Gaius Julius 
Jumped up, in iron-working, 235, 8108 
Jumper, in blasting, 2584 

— little boy’s, drafting, 4366, 4366 

— mason’s tool, 632, 2837, 2838 
Jumping, physiological account, 1800 
Jumping-shrew, 1871 

Junction soctions, telephone, 6881; 

apparatus, 6077-6080 
Jungfrau, 1838, railway, 131, 8816 
Juniper, 503, 6886 
Junk ring, engine pistmi, 4424, 4425 
Jupiter, nioous, 2494 ; and nebular 
hyjbothegis, 620 ; satelUteg, eclipses, 
6404 ; in solar system, 11, 6702 
Jura Mountains, 1973: rocks, 2254 
Jurassic period, 2067 ; British Isles sub- 
mergence, 1817 ; rocks, 2254 
.Tussive, subjunctive in Latin, 1183 
Justice, the end of the ste^ 
sociological and moral 
Jute, 6886; fibres, 08. 69, 718, 719, 
1026, 1389; carding. 1886; as 
carpet warp, 3991 ; dyeing, 5038 ; 
nmnufi^t^e, 719, 1026^ 1108, 1389, 


Jutland, Denmark, description, 1562 

KABUL, Afghanistan, 2817 
BLaifirs, ethnology, 1790 ; as laboureis, 
6630; occupations, 3586 
Kalnite. as manure, composition, 590, 
6686, 5580 ; characters, 6739 
Kalnozoio period, in biology, 1177 
Kalahari, desert, 626, 3586 
Kale, 1198 ; cows’ food, 3891 
Kaluga, fur of, 6427 
Kamak, temple of, 2519, 2522, 2623 
Kamala, in dyeing, 5907 
Kamptulicon, 1026, 1106, 5310 
Kandy, Ceylon, 2972 
Kangaroo, fur of, 6427 ; group, 1493 , 
as pollen-carriers, 780; means of 
progression, 1870 

Kan^i, plant, distribution, fibre, 819 
Kansas, state, geography, 4174 
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Kaut> Immanuel, his critical pliiio- 
Baphy,*' 6255. 0250 ; genius 

inherited by society, 5388 ; nebular 
hypothesis, 6250 ; philosophy of, 
2013 ; theory of sciences, 86 : space 
theory criticised, 2119, 2120 
Kaolin, characters, 6730 ; composition, 
1279, 5308, 5988 ; uses, 5160, 5308 
Kapok, floss, development and trade, 
817 ; in upholstery, 6716 
Karachi, India, 2821, 5381 
Karroos, Great and Little, 3584, 5660 
Kashmir goat, hair, 5110 
Katabolism, of human body, 437, 430, 
2661 ; of men and women, 4827 ; 
variation, 3016 

Kathode, in electricity, 466, 3200 

— rays, discovery, properties, 4090, 

4103 

Kathion, in electricity, 3260, 4663 ; 

direction in electrolysis, 4022 
Kauri gum, 810, 1034, 5123, 6147 

— ' timber, 56, 1260, 1393, 

Keating’s cement, manufacture 648 
Keats, John, poet, 1309 ; “ Letters,” 
2787 ; Shelley's ” Adonais,** 1308 
Keel, bat’s breast-bone, 2038 

— of ship, 5009, 5610 ; laying, 6736 ; 

plating, 5740 

— bar, of sailing ship, 6400, 5736 

— block, 834 ; laying. 5735, 5736 
Keelsons, of sailing ship, 6400, 5401 ; 

drawing, 5615, 5616 
Keene’s cement, 648, 1332 
Keep, axle-box, 3265 
Kelp, iodine from, 1369, 1446 
Kelt: see Colt 

Kelvin, Ix)rd, absolute temperature 
scale, 1566 ; on atomic size, 
2028 ; on earth’s duration, 2o27 ; 
energy dissipation theory, 1208 ; 
” ex nihilo nihil ” proof, 34 ; 
on ether-vortex theory, 036 ; 
mariner’s compass, 4246 
Kemps, of wools, dyeing, 5640 
Kennedy’s tube-hending machine, 5328 
Kent sheep, 2362, 2367 

— slab, flre-resistlng material, 4760 
Kentish rag, 533 ; in masonry, 1452 
Kentledge, use in balancing crane, 

1176 ; for cylinder sinking, 6495 
Kep, in mining, use, 3305, 3766 
Kephir, 8536 ; preparation, 6441 
Kepler, John, life and discoveries, 662 ; 
laws of planetary lujtion, 2298, 
^241,6242 ; telescope, 2940 
Keratin, albuminoid priiieiple, 811, 1420 
Kerb stones, quarrying, 2955 
Kcrbing, grauite, 3214 ; overflow 
gullies, 2324, 2325 ; laying specifica- 
tion, 2327 ; marble, 3246 
Kerosene, 0148 ; production, 1164, 
6147 ; purifleation, 6147 
Kerry cattle, 2240, 3007, 3670 ; cross 
breeding, 2236, 2237 
Kestrel, olasslficaiion, 2213 
Ketch, type of rig, 5398, 5309 
Ketones, tertiary alcbohols, 3142; re- 
lation to aldehydes, 3270 
Kettle drum, ronstruction, compass, 
use. 5565 ; tuning, 5565 ; in 
orchestra, 5566, 6733, 6888 
Key, In tightening joints, 4115, 4116 

— engineers’, 3003, 3007, 3008 

— fitting, 3087, 3688 

— of flute, 4569 

— In harmonium playing, 4179, 4180 

— in mechanical engineering, 834 

— in music, 2312; signature, 272 ; in 

tonic sol-fa, 805, 922 : tee also 
Transposition 

— organ action, 8867 ; manual and 

pedal, 3862 

— pianoforte, 1210 

— railway construction, 3430, 343 1 

— structural Ironwork, 6792, 6793 

— of ” winged ” fruits, 911, 912 
Keyboard, of musical instrument, 1059 

— of organ, 8858 ; pedal, 8869 

— perforators, telegraphic, 5392, 6393 

— of pianoforte, 1210 

— telephonic arrangement, 6880, 5881 

— of typewriter, 1627, 1529 
Key grooving, of shafts, 3403 
Key-seater machines, 3403, 5209 
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Keyhole saw% use, 3385 5180, 6181 
Keying, in launching ships, 5928, 6924 

— In plastering, 6500 

— in sculpture, 1609 
Keynote, in music. 273 
Keystone of arch, 2762, 3039, 3144 
Keywi^ cutters, key-seating, 3403 
Khasi Hills, 2972 ; rainfall, 2818, 4494 
Kiauchow, German port, 6668 
Kibble, use. 3190, 3305, 3307, 3457 
Kidderminster carpets, design, 3360 
Kidney cotton, length of staple, 386 
Kidney iron ore, 231 ; characters, 6739 

— vetch, 940 ; see also Vetch 
Kidneys, human, structure, 1602, 1603 
Kidneys 4 la mattre d’hdtel, 1737 
Kief, Kussia. 1524 ; industries, 2408 
Kier, in “ wetting out ” cotton, 6197 
Kieselguhr, in dynamite making, 3272, 

6761 ; in water filtration, 4100 
Kieserite, Stassfurt deposit, 5685, 6739 
Killarney, Lakes, 1366 
Kiliigrew, Thomas, dramatist, 1149 
Kiln, brickmaking, 643, 646, 1278, 
1283, 1284 

— cement making, 647, 648, 1581, 

1728, 1729, 1730 

— char revivifying, 4462 

— iron smelting, 231 

— lime burning, types, 1456, 4161, 4164 

— muftle, in firing pottery, 5384, 5385 

— ore roasting, 3771 

— revivifying, in glucose manufacture, 

4558 

— rotary, cement burning, 1728, 1731- 

1733, 1853-1858 

— terra-cotta manufacture, 5778 
Kilowatt, unit of electric i)ower, 290 
Kilowatt hour, 291, 292, 2812 

Kilt, little boy’s, 4196 ; origin of Scot- 
tish, 69 

Kilting, in dressmaking, quantities of 
materials, 187 ; lace, ribbon, etc., 
making, 5020 

Kimineridge shale, oil yield, 6151 
Kimono, infant’s, 3590, 3745, 3855 
Kindergarten teachers, women, train- 
ing and prospects, 323 
Kinematics, 422 ; see aho Kinetics 
Kinetic euerg>, in physics, 290, 315, 
4133; of flyw'heels, 2018, 2020; 
human, and cerebro-spinal system, 
1941 ; molecular, in physiology, 
438 ; pendulum and spring, 3748 

— friction, defined, 958 

— stability, defined, 553 

— theory of gases, in physics, 1267 
of mind, 2115 

Kinetics, 422 : see also Dyimnucs 
King bolt, of roof truss, 4251, 4253 
King cliaudron, shaft sinking, 3400, 3041 
King crab, classification, 3361, 3806 

— leg, of derrick staging, 1176 

— post, in roof truss, 4250, 4251, 4252 ; 

ironwork of, 5792, 5793 

— roof, construction, 4247, 4249-4251 

— truss, 2446, 2447, 2497, 2i99, 4249 
King’s scholarship examination, 164 
King’s touch, auto-suggestion, 3663 
King’s yellow, manufacture, 5144 
Kingdom, in natural science, 380 
Kingfisher, description, 2211, plate fac- 
ing 2209 ; food, 2493 ; nest, 2507 

Kingsley, Clmrles, divine and novelist, 
3441 ; poems, 1438 
Kipling, Kiidyard, novelist, 3557 ; 
poet, 1438 

Kippers, preserving, 5316 
Kirkcaldy, industry, 1066 ; shipping 
tonuage (1904), 6005 
Kitasatos porous tubes, 5765 
Kitchen, aspect of, 2131 ; care of, 
1002 ; utensils for, 1225 

— garden, proportion, aspect, 6205 

— maid, duties, 1003 

— range, management, 1220 

Kiwi, 2213, 2214; beak and nostrils, 
2494 

Kledahl flasks, glue analysis, 6360, 5362 
K lein laboratory filter, 5766 
Knapweed, perennial w’eed, 1378 
Knee, of horse. 1870 
Knee, human, bones, 1708, 1709 
Knee-jerk, psychological account, 2994 
Knee-room, of motor-cars, 2557 ; of 
railway cars, 25 "'5 


Knee-swell, in American organ, 3952 
Knickers, for boy’s gult, 1461, 1752 ; 
infant’s first, drafting, 3856 ; 
• little boy’s suit, 1289, X291, 4196, 
4357; school boy’s, 1561, 1552 

— underclothing, 3473, 3474 
Knife roller gin, cotton, 390 

Knitted fabrics, hand made, 4619, 
4620 

Knitting, 4620, 4621 ; hand, 4619 ; 
ribbing machine, 4021 

— frame, 4620, 4022, 4763, 4704 
Knives, basket-making, 5489 

— currier’s, 3219 

— flint, early Egyptian, 2519 

— plasterer’s, 5 497 

— plumber’s, 5029, 5030 

— scrieve, use, 5010 

— shoemaker’s, use, 3875, 3877 

— for sole cutting, 4540 

— table, manufacture, 5475, 5470 

— wood cutting, 4582, 4583 
Knopping, in textile manufacture, 2694 
Knotgrass, SSO, J378 

Knots, sailor's, kinds, 6406, 6407 

— in timber, 52, 3540, 3541, 4445 
Kuotters, in papermaking, 6398 
Knotting, in bouse painting, 5834 

‘‘ Know Thyself,” origin of the phrase, 
2012 

Knowledge, compared with belief, 28 ; 
criticism and science of, 6254, 6256 ; 
ita limitations, 6256 ; scientific, 
rapid growth, 2553 

Knowles, J. Sheridan, dramatist, 1151 
Knub, waste silk, 584 
Knuckle, joint, human, 1710 
Kohl-rabi, description, 942, 944 ; 

live-stock food, 2704, 2906 
Kola nut, 3454, 4962, 688j 
Kolinski, fur and skins, 6427, 6430 ; 

hair, for brushes, 6106, 6109 
Kominor, ball mill, 1583, 1853 
Koran, the, teaching of, 2243 ; Sale's 
translation, 2141 

Korea, geography, 2977, 5659 ; huiguage 
structure, 1789 ; history, 6694 
Kotyra, telegraphic system, 5392, 5393 
Koumiss, production, 2880, 3653, 6441 
” Kraft ” paper, manufacture, 640J 
Krakatoa, Mount, eruption, 1206, 1207 ; 

Biinsct effects, 3729 
Kronstadt, fort and port, 1524, 2408 
Krupp, armour plate, 4750, 5984 
Kryptol, electric heater, 3031 
Kryogenes, dye, preparation, 5953 
Krypt^m, clement, 401, 1296; in 

periodic system, 1446 ; possible 
cause of Aurora Eorealis, 2027 
Kublai Khun, Mongol ruler, 218 
Kupfernickel, nickel ore, 5982 
Kuro Siwo, marine current, course, 
558 

Kurds, ethnology, 1790 
Kwangsi, province, China, 2976 
Kwenluii mountaius, Cliina, 2502, 2974 

L. abbreviation in hotauy, 136 
L, in shorthand, 586, 837 
La FlCche, fowl, weight of egg, 5873 
La Plata, river, course, 4284, 4286 
" L’AUegro” (Milton), 991, 995 
Label, adhesive, gumming, 810 
Labials, in grammar, 122 
Labium, cockroach, 3363 
Laboratory, chemical, description, 01 
Labour, civil engineering, 6629, 6630 ; 
efficiency of, factory expenses, 
6642 ; efficient, promotion of, 
6519 ; organisation, 6519 ; Oriental, 
6630 ; the three ends of, 5096 ; 
unproductive, in prod\ictiou, cost, 
6642 ; unskilled, classes, 6629 ; 
waste by miliUriam, 5097 

— manager, duties, 6519 

— master, w'orkhouse, 1928 
I<ahour-saving machinery, beneficial 

effects, 6518 ; In factories, 6644 
Labourers, building, 307 ; farm, wages, 
2990 ; harvesting, 1666 ; London, 
4528 

Labourers Acts, in Ireland. 3002 
Labnim, cockroach, 8363 
Labyrlnihodon, fossil footprints, 1817 
Lac resins, source and colour, 1035, 
5121, 5147 ; use in varnish, 5835 

6»til 
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Lacc^, 4S77) 4980 ; guipure, 4980 ; 
hand-made, 4870 ; history of In- 
dustry, 224 ; imitation, 4878 ; 
knitting frame, 4879 ; lappets, 
8021 ; machine-made, 4763, 4878 ; 
making, 4877, 4980 ; in millinery, 
8020, 5621 ; pillow, 4877 ; point, 
4877 : in underwear trimming, 
3094 ; in velncle trimming, 3624 ; 
washing and ironing, 2911 ; weav- 
ing and ornament, 3156, 3157 
Lacewing, 3365, 3366 ; plate /acinff SSOl 
Lachrymal bone, human, 1604, 1605 

— gland, of eye, 2400, 2401 
Lacing stitch, milliner'^ 4505, 4566 
Lacquer, 5148, 6573 : Japanese, 6576 ; 

removal from brass, 3421 ; in 
varnishes, 5835 
Lacquering processes, 6573 
Lacteal, 1196 ; fat digestion, 676 
Lactic acid, 3534, 4782 ; in milk, 4036 
Lactometer, use, 798, 4034, 4038 
Lactose, 3534, 3653 ; properties, 3706 
Lacuna, in bone, 435, 450 
Ladbroke, landscape iminting, 4301 
Ladder, tire escape, 2405, 6841, 6842 

— in scaffolding, 1172 

“ Ladder of Lt^arning,” opportunities 
for girls, 3505 

Ladle, in foundry work, 2864, 2865 

— plumbers’, 5029, 5030 
ladybird, 3511 ; use, 4926 
Lady clerks, ofMHiings for, 192 
Lady fern, culture, 6493 

Lady’s linger, cross-pollination, 732 
“ Lady of Shah/.t,” picture by Holman 
Hunt, composition of, 722 
Indy's maid, duties, 814 
Lady's mantle (botany), 500, 608 
Lady’s slipper orchid, 0533, 6534 
Lady’s smock, flower, 352 
Lsclia orchids, culture, 6534 
Ljevulose, sources, 3653, 3705 
I^g, grey, classifleation, 2213 
l^ger beer, dietetic value, 3315 
Laggings, in building, 2385, 2387 
i^agging, in mechanical engineering, 4201 

— in mining, 2666 
Lagging-up, in casting, 2338, 2454 
Lake, in physical geography, 458, 1815 ; 

prehistoric JBritish, 1817 ; for 
transport, 4518 

— pigment, 5145; alumina, 1043 
Lake Listriet, physical geography, 

1277; rainfall, 4024 

— dwellings, European art period, 2479 

— quillwort, si met lire, etc., 1118 
I^amarckianism, account, 653, 823 
I^mb, braising and stufling, 1736 ; 

care of, 2364 ; carving, 5935, 5936 ; 
choice of, 3717 ; leg of, roasting, 
1487 ; rations for, 2364, 2366; 
skins, use for fur, 6330, 6427 ; 
tawing skins, 3146, 3104 ; wool, 
1120; weaning, 2364 
Ijimb, Charles, author, 2310, 2786 ; 

poems, 1307 ; portrait, 2019 
Lambing, in farming, 2363, 2364 ; 

straining after, treatment, 2625 
Lanicllibranchia, 3284 : nee also Bivalves 
Lamina, in cartilage, 435, 430 
i4imiiiop, in geology, 768, 1924 
lamination planes, in geology, 530 
IjSimp, brougham, 2829, 2831 

— cycle, 3779 

— electric, 2682 ; arc, 2414, 2083 ; 

books on, 4298 ; incandescent, 
2612, 3030 

— lionsehold, care of, 1004 

— motor vehicle, repairing, 3325 

— outdoor, 6152 

— ship, 6152 

— table, care and use, 6152 
lampblack, 1157, 5154, 5461 
[.^mphole, drain, 734 ; of sewer, 4459 
Lamprey (fish), 3065, 3070, 3071 
l^mp shells, description, 3953, 3959 
Lancashire, coalflelds, 1271 ; cotton 

industry, 223, 385 ; felt industry, 
1997 ; iron industry, 1271 ; phydcal 
geography, 1272 ; police force, 1409 
Ijancasliire ooiler, 6874 , 6876 * Galloway 
type, 3108 ; riveting ana caulking, 
3104 

Lancashire and Yorks. Rly. mark, 6069 ; 
signalling system, 4688 

6962 


Lancaster, House of, Henry IV., 
Henry V., 3251, 8603 
Lance-corporal, rank, 4030 
Lancelet, oiology, description, 31, 3072 
Lancrct, painter, style, 4118 
Land, cultivation, drainage, manures, 
430, 1229; distribution, 4493; 

manuring, 589 ; purchase of, in 
Australia, 3235, 3236, .3238, 3240, 
8467, 3469 ; Homan agrarian law, 
1382 ; valuation, 5153 

— and estate agency, business of, 5286 

— measures, 1146 

— property, investment in, 3225 

— spring, 781 

Landau, axle dimensions, 3326 ; dimen- 
sions and weight, 2558, 2726 ; door 
section, 2727 ; dress, 3122, 3123 * 
head mechanism, 3022 ; lock and 
lever lifts, 3022 ; structure, 2465 
Landaulette, hood, 3623 
— motor, 2464 2465 ; doctors, 3904 
Landing board stays, of van, 2828, 2829 
Landings, of .ship, fairing and scrieving, 
5016, 5617; marking position, 

5739 ; sheering, 5743 

— of staircases, 5.300. 5301 
Landlord and tenant law, 6846 
Landor, Walter Savage, author, 1307, 

2451 ; portrait, 2019 
Landore, Siemens steel, 234 
Landow'iier, rigfits of, 1979 
Landrail, classifleation, 2212 
Landscape drawing, 343 

— painting, evolution and schools, 

4299, 4300 ; early nineteenth cen- 
tury, 4393 ; impressionism, 4302 
Landseer, Sir E., animal painting, 4393 
Landslip, destnictivc effects, 1505 
Jaing, Andrew, author, 2687, 3129 
Lange, F. A., on emotion, 2605 
Langshan fowls, breeding, 4659, 4661, 
4859 ; points of breed, 4955 ; 
weight of egg, 5873 

Language, analy.si.s of, value in logicr, 
6001 ; written and spoken, 4578 
Languages, foreign, importance in 
travel, 514 ; for journalists, 3974 ; 
logical method of teaching, 5998 ; 
main families, 1771 ; traveller’s 
phrases, 1956 
Lankenvelder fowl, 5090 
Lantern-fly, plal^ facing 3361, 3364 
Lantern lights, in joinery, 5185, 5187 

— slides, making, 6683 

“ Laocoon ” statue, 2930 
Lap alloy, composition, 3940 

— joint, 2832, 4039, 4111 

— scam, in boiler-making, 3099, 3100 

— steam engine valve, 5642 

— winding, of dynamo, 1321, 1322 
Lapel, man’s frock-coat, 2754 

Lapis lazuli, characters, 5856, 6739 ; 

source of ultramarine, 4455 
Lapland, craniology, 1786 ; ethnology, 
1789 

Lappet, lace, in millinery, 5621 

— weaving, principle of, 3155 
Lapping, in hemp manufacture, 1885 

— compared with grinding, 3408 

— in tailoring, 2207, 2208 

Larcli, 503, 4676, 4679, 6881 ; insect 
pests, 4926, 4297 ; tanning bark, 
1166, 6066; timber, 55; timber, 
strength, 1260 

— canker, 4026, 4927, 4928 
I.«arch-moth, size, 3516 

Lard, 4832 ; specific gravity, 1078 

— oil, production and uses, 1033 
Larkspur, carpel, 348, 349 ; classifica- 
tion, 352 ; garden culture, 6529, 
0534 ; nectar, 730, 731 

Larry, plasterer’s tool, 1951, 5496 
Larva?, agricultural pests, 1666, 1667, 
1668 ; of ants, bees, wasps, 3722, 
3725 ; of various flies, 3721 
Laryngitis, symptoms and causes, 6132 
Larynx, human, 197, 577, 579, 2144 ; 
construction witli regard to speech, 
2537, 2538 ; mechanism, 21 06 ; 
respiratory function, 1299 ; in sing- 
ing, 6047, 6048, 6100 
Laryngoscope. 2537 

** Las Hilanderas,” Velasquez's pic- 
ture, 723 

Last, boot, 4137, 4138, 4242, 4541 


Lao— 

Last Supper,” fresco, by Leonardo da 
Vinci, 947, 8796 

Lasting, in boot-making, 4138v 4541 

— pincers, and tack, shoemaker’s, 3875 
Latch, vehicles, 3022 

Latent heat, discovery, 60 ; of evapora- 
tion, 1742 ; of fusion, 1740 
Latcran, baptistery of, Rome, 3090 
Latex, of rubber, 5046 ; sulphur 
addition, 5203 

Lath, plasterer’s wood and metal, 5498 ; 
in slating roofs, 4865, 4867 ; in 
tiling, 4869, 4870 

Lathe, 4912, 6756 ; American type, 
4915, 4921 ; automatic, operation, 
3631 ; axle turning, 880, 4917, 
4922 ; bench, form, 4915 ; buUd 
and modifications, 4915-4923, 
4924 ; Clements’ driver, 830 ; 
compared with milling cutters, 
3402 ; engineers’, 4916 ; friction, 
964 ; back gear, 4913, 4916 ; in 
grinding, 5213 ; lead screw, 835 ; 
first milling machine, 5204 ; pulley- 
turning, 4922; rests, kinds, 4913, 

4919 ; running mandrel, 4912 ; 
saddle or ciarriage, 4913, 4919, 

4920 ; screw-cutting, 3629, 4919 ; 

sliding, 4919 ; specialised forms, 
4917-4923 ; tests, 3963, 3965 ; 
turner’s, in pottery manufacture, 
5233, 523J ; in tooling. 3317, 
3319, 3321 ; turret, structure, 

and oi)eration, 3621, 3032 ; wheel- 
driven, 4912 

Lathe-bed, casting, 2338, 2341, 2342 

— poppet, drawing, 2790 2791 
Lathing, dovetailed metal, 4763, 4756 
Latimer, Hugh, martyrdom, 3834 
Latin language, 443; books on, 1617 ; 

diffiiKiou in the West, 1768 ; 
English Renaissance words, 1769 ; 
granunatical terms, 1616 ; idioms, 
miscellaneous, 1615 ; pronuncia- 
tion, 118 ; Homan calendar, 1182 ; 
Roman money, 1333 ; roots, 6810 ; 
supines, 1334 ; tense-formations 
compared with English, 758 ; 
tenses, seciuence of, 1334 ; trans- 
lation fees, 1920 ; verse and metre, 
1766 

— literature, list of classics, 3781 
Latins, the, history of, and Rome, 

1135 : eec also Homans, Home 
Latitude, definition, 13, 6244 

— determination in navigation, 6659 

— in plotting surveys, 369 
Latrines, in building operaiicns, 308 
Lattice, in framings of machinery, 208 ; 

of girder, 544 

— girder, in bridges, 208 ; under 

various conditions of load, 2227 
Latus rectum, of a conic, 5783 ; of 
parabola, 1412 

Laughing gas : see Nitrous oxide 
Laughing, physical explanation, 1303 
Launching ships, method, 5923 
Laundry, 2475-2477 ; work and busi- 
ness of, 1005, 2964, 2965 
Laundrymaid, duties, 1005 
Laundry work, 1005, 2964 ; w'omen’s 
training and salary, 322 
Lava, definition. 459, 1207 ; fertility, 
4497 ; in volcanic rocks, 1006, 2060 
Lavatory, quantity surveying, 6512 
Lavender, 6675, ‘rfSl 

— essence, use for pottery lustre, 5385 

— oil of, uses, 1033 

— water, recipe, 4350, 4072 
Lavoisier, services to chemistry, Cl, 

1157 

Law, 675, 6844 ; aa a profession, 163, 
6746 ; dictionary of, 6851 
Laws of friction, motion, etc. : see under 
Friction, Motion, etc. 

Laws of Nature, logical discussion of 
term, 6000 

Law Courts, London, architectural 
design, 2283, 2284 
Lawn, used for underclothing, 3004 
Law'ns, making and mowing, 6310, 6320 
Lay, of hand-loom, 3402 
Layer, in papermaking, 6397 

— ifit, in tanning, 8013 
Layette, articles for, 3744 

Le Bon, Gustave, on the atom, 2396 
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Lo Sage, theory of ether, 939 ; 

theory of gravitation, 937 
Le Sidanier, intimiHt painting, 4395 ; 
style, 724 

Leaching, defined, 3770, 3771 
Lead, 3B8, 1160, 5985 ; alloys, com- 
position, 3041, 5987 ; analysis, 
4413 ; ancient use, 5985 ; books on, 
5993 ; casting, shrinkage in, 1397, 
2342 ; compounds, kinds, prepafh- 
tlon and uses, 5988 ; conductivity 
of, 1397, 3839 ; corrosion, 5985 ; 
cupellation, 4303 ; in cupellation, 
5848, 5987 ; deposition, 4303 ; 
deposits, Derbyshire, 2379 ; dis- 
tribution, 3771 ; in drawing, indi- 
cation, 2T92 ; dust, condensation, 
5986 ; dust, diseases caused by, 
8798 ; evolution, theory, 239 ; in 
gold and silver extraction (cupclla- 
tion), 5848 ; micro-structure, 3939 ; 
plate preceding 3937 ; ore, lead, 
contents, 3835 ; ores, 5985 ; ore- 
hearth reduction, 6986 ; in pattern - 
making, 2456 ; Phoenix extracting 
process, 5755 ; physical properties, 
1396, 3837, 4303 ; in pottery 

glazing, 5236 ; properties, 5085 ; 
Prussian deposits, 2379 ; refining 
processes, 5754 ; relation to radium, 
1916, 2392 ; in roof plumbing, 5029, 
silver recovery, 5987 ; smelting, 
4303, 5986 ; smelting, blast furnace, 
4125 ; “ softening,'* 6987 ; specifle 
gravity, 799, 3838 ; test for in 
water, 4158, 4159; uses, 5987; 
water, action on, 1160; workings 
in U.K., 988 

— acetate, 1160, 3652 ; in dyeing, 

5779 ; painters’ drier, 5832 

— in building, protecting horizontal 

surfaces, 5035 

— burning, 6454 ; Joints, 5032 

— carbonate, 5988 ; eeecUeo White Lead 

— cast of, in navigation, 6662 

— oxide, reduction, 358 

— pipes, manufucture, 357, 5820, 5627 

— plaster, production, 3707 

— poisoning, 1153, 1160; sulphuric 

acid antidote, 1720 

— in railway construction, 3611 

— red : eee Tied lead 

— screw, defined, 688; of lathe, 835, 

4915, 4921 

— of steam engine valve, function, 5642 

— sugar of : eve L(u«d acetate 

— White ; see White icad 
Leaded lights, making, 5840 
Leading seaman, Navy, 4266,4267 
Leads, printers', 5028, 5252 

Lead work of slate roofs and gutters, 
5031 

Leaf, alternate and opposite, 350 ; 
causes of fall, 728 ; in classlrtcation 
of plants, 350 ; in classification of 
trees, 3542 ; competition for light, 
504 ; dripping i)oiuls, 727 ; in 
plant structure, 109, 170, 17/; 

prickly, protective function, 1114 ; 
reproductive and covering, 346 ; 
mosaics, 171, 173, 505, 506 ; of 
xerophytes, 727 

— of loom : nee Hcald 
Leaf-butterfly, numicry, 3515 
Leaf-Insect, plate, faring 3361 , 3362, 3364 
Ticaf scar, defined, 723 

Lean-to roof, construction, 4247, 4249 
l.eap year, explained, 226, 227 ;\Lionian 
calendar, 1182 

Leapers, insects, description, 3303, 3364 
Leasehold txmure, etfect on quality of 
building, 142 

Least common multiple, rules, 339 ; 
in algebra, 2892 

Leather, 2861, 5119; alum tannage, 
3163 ; artificial, American cloth 
manufacture, 1166 ; ammonia 
from, 4775; for belting, 3712; 
bleaching, 5646 ; bookbinding, 
6778 ; breaking - over, 2864 ; 
chrome tanning, 3102 ; as clothing 
material, 4250 ; colouring pro- 
cesses, 3455 ; cutting, 8713, 
4016 ; depilation, 2854 ; dictionary 
of, 5647 ; dressing, 3217 : dull 
lustre, recipe, 5046 ; dyeing, 


3164, 6649 ; fat-liquonng process, 
3162 ; fleshing and deliming, 
2855, 2856 ; glover’s, kinds oi 
skins, and preparation, 5479, 
5480 ; graining, 3221, plale facing 
3217 ; joining, 3714 ; lacing, 3714, 
3715 ; manufacture, history, 2751 ; 
mordants for dyes, 6650 ; oil tan- 
ning, 3164 ; polishing, 3455 ; re- 
cipes, 6646 ; riveting, 3716 ; 
shaving, 3713; splicing, 3714; 
stitching, 3713, 3714 ; tanning, 52, 
1165, 3012; trimming, 3713; 

upholstery, 6716, 3479, 3621 

— ropes, strength, 1699 
Leather-jacket, larvro of crane fly, 3721 
Leblanc soda process, 4770 

Lebrun, Charles, designer, 4118 
Lcclanch6 cell, electric, 464, 405, 466 
Lechler’s spray, in papermaking, 0397 
Ledger, 488, 777 ; bad debt entries, 
1568, 3669 ; bank accounts, 1866, 
1967 ; bank bixikkeeping, 4439, 
4440, 4442 ; classification of In 
large businesses, balancing systems, 
2980 ; in consignment accounts, 
3679, 3680 ; contrasted with 

Journal, 1760 ; of contractors* 
business, 3420 ; current, 6521 , 
departmental accounts system, 
3416 ; of branch shops, 3417 
hire purchase accounts, 3017, 3918 , 
hotel bookkeeping, 3568 ; index- 
ing, 778 ; In limited company, 
bookkeeping, 3186 ; loose leaf, 
6521 ; old and new methods 
compared, 1804 ; relation to petty 
cash book, 2201 ; relation to 
trading account, 2500 ; in single 
entry, 3916 ; tabular, uses, 3567, 
3569 ; transfer, loose leaf, 6521 
Leeches, description, 3956, 3958 
Leeway, in navigation, defined, 6666 
Lcfebvre, painter, his art, 868 
Leffel turbine, mechanism, 1089, 1692 
Leh handedness, physiology of, 2301 
Leg, of bird, 2494 

— in cabinet work, levelling, 6588, 

6589 

Leg, human, anatomy, 100 ; bones, 
1708, 1709 ; leverage, 1798 ; 

muscles, 712; in sculpture, in- 
fluence of femur, 1351 
Leg of mutton sleeve, drafting, 188, 
522 

— room, of carsi 2557 
Legal apeointments, 6748 

Legato, HI music, 271 ; harmonium 
practice 4182 ; in organ playing, 
3863 ; in singing, 6336.; in viola 
and violin bowing, i742, 2825 
Leger lines, in nusic, 270 
Leghorn fowls, .loliits of breed, 4955 ; 
analysis of carcases, 5093 ; weight 
of egg, 5873 ; useless breed, 5624 

— black, breed! I g, 4859 

— brown, 4059, i660 

Legislation, character-making its aim, 
437 J, 4372 

Leguminous crops, 877, 881 ; suitable 
for milking cows, 3891 
Leguininosflp, 040 ; fond supply, 503 ; 
nitrifying bacteria of, 238 : see 
also Pea 

Leicester sheep, 258, 2362 
Leicestershire, wool, 71, 221, 224 
Lemon, 6886 ; areas of cultivation, 4870; 
citric acid from, 4782 ; classifica- 
tion, 353; dietetic value, 3312 
expression of essential oil, 4969 

— perfume, source, 5469 

— squash, recipe, 2333 

— yellow pigment, in oil painting, 871 
Lemonade, etfect on blood alkalinity, 

3016, 3017 ; recipe, 2333 
Lemur, 1403 ; climbing, 1870, 1871 
Lcnard rays, and cathode rays, 4001 
Lenses, 2049, 6122; achromatic, 2951, 
4730, 6123, 6124 ; cbromatic 

aberration, 2950 ; concave, 2003 ; 
convex, 2902 ; defects, 6122 ; of 
eye, human, 2401, 2952 ; for 

long or short sight, 3179 ; manu- 
facture, 6122, 6123, 6124 ; mea- 
sure, Braytou, 6122, 6123 ; photo., 
6127, 6684 ; vai-ieties, 2901, 6122 


Leo XIII, pope, character, 213 

Leo, sign of zodiac, 6251 

Leopard, aggressive coloration, 2157 ; 

fur and skiu of, 6427 
T^panto, battle of, 1571, 4397, 6447 
liepidoptera ; see Moths, and Butter- 
flies 

Leptorhlne races. 1786 

Lessing, philosopher, on truth, 6255 

liCtter of allotment, 3J86 

— book, 776, 778 ; indexing, 193 

— of credit, banker's issue, 4294 

— founts, classification, 6076 

— of hypothecation, banker’s, 4295 

— of indication, in banking, 4294 

— office, flJlng, 193 

— patent : see Patents 

— punch, cutting, 6073, 6075 

— writers, English, 18th century, 2139 

— writing, business correspondence, 

6350 ; common errors, 1472 ; in- 
capacity for, 3974 

Lettering, in drawing, system of, 1747 
“ Letters of Junius,” authorship, 6550 
Leucocyte, 963, 954 ; efitect of alcohol 
on, 3019 ; etfect of quinine, ex- 
cretion of uric acid, 4013 ; evi- 
dence of consciousness, 3117 ; 
function, 6543, 6544 ; potential 
chemical energy in, 4013 ; in 
digestion of fat, 676 ; in lym- 
phatic glands, 1196 : see also 
Phagocytes 

Leucomaine, unsuitability of term, 
3826 

Leucocytheemia, symptoms, cause, 6037 
levanting, leather, 3455 
Levels, in building, fixing, 309 

— in mining, 3190-3194, 3561 

— dumpy. 372 

— flying, in surveying, 373 

— spirit, 3386, 4701, 4703 ; plasterers’, 

5497 ; in theodolite, 267 

— staff, in surveying, 373, 711 

— in surveying, contouring, 591 

— '* Y,” description, 372 
Levelling, in booiinaking, 4542 

— in building, method, 329 

— in erecting, 3691 

— of plates, boiler work, 31i00 

— in surveying, 158, 372, 501 ; use 

of barometer, 592 ; gradients, 591 ; 
H.P.C. method, 374 ; hypsonieter, 
593 

Lever, application in practice, 687, 828 ; 
Archimedes, 34 ; classes of, 684 ; 
phyt-iological orders of, 1797, 
1798 ; principles of, 662 ; in 
theory of machines, 684 

— bevelling, use in stiipbuilding, 5738 

— brakes, mechanism, 3128 

— of flutes, kinds, 4569 

— lifts, in landaus, 3022 

— spring, 830 

Leverage, in machinery, 828 ; in 
})hysiology, mechanism, 1797; tools, 
forms, amt uses, 4586 
TiCver’s, lace loom, 4978 
Levigation, of mineral pigments, 5141 
Lewes, (leorge Hy., author, 2616 
Lewis, chain, mason tool, 2837, 2840 
Ley, 875 ; seed mixtnros for, table, 877 
Leyden jar, 3581, 3749 
Liabilities, contingent, bills of exchange, 
1319, 1320; of limited company, 
bookkeeping, 3189 ; of parlia- 
mentary company, 3333 ; ranking 
on balance slu'ct, 2758 ; rent, rates, 
taxes etc., 2882 ; statement in 
bankruptcy, 3570 

Liability, limited, explained, 3185 : see 
also Limited companies 
Lias limp concrete, in construction, 1449 

— mortar, strength, 1521 
Lil>eralism( innovating force, 5530 ; 

place in organic evolution, 5388 
Libertarianism, doctrine stated, 2996 : 

see also Free will. Determinism 
Liberty, social, growth, 5388 
Librarian, public, 320, 6871 ; women’s 
training, 322 
Libraries, Babylonian, 17 

— public, 1496, 6871 
Licences, game dealers’, 4712 

— liquor, conditions, 3735 ; transfer 

renewal and forfeiture, 3736 
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Licences, wine and spirit, retail, 3045, 
5789 

Licensing Acts, 3734, 5789 
l.i(V}ntiate of dental surgery, 5772 
Lic.dsed victuallers, business of, 3734 
Lichens, characteristics, 166, 1371 ; 

climatic limitation, 4403 
Licker-in, textile, 1543, 1546, 1886 
Liddell, Mark H., theory of poetry, 304 
Liebig, chemist, artificial manure, 203 ; 

on “ substitution,” 2714 
Lies, dealing with, 5530 
Lieutenant, Army, 4199, 4200 

— naval, training, pay, 4267, 4401, 4402 

— Koyal Naval lleserve, 6366 
Lieutenant -colonel, promotion, 4200 
Life, animal and plant, geological agent, 

1499; biological account, 134; 
Chinese ten periods, 5700 ; 
elixir of, 59 ; inter-relation of 
animal and vegetable, 4132 ; 
inysters' of, 3287 ; in Myers’s 
theory of personality, 3384 ; or- 
ganic functions of, 1491 ; origin, 
28, 2030 ; pliysical characteristics, 
275 ; physiological, 95 ; psy- 
chological, 3664 ; seientlfie aspect, 
28 ; shortening of, 2794 

— assurance, principles, openings, and 

examinations, 4725-4729 
Lift, hydraulic, 1223 : use in canals, 
5486 ; hydraulic ram, 1220 

— in mining, defined, 3562 

— pneumatic power, 5356 

— sewerage, 4463 

Tiift bridges, construction, 2889 

Lift -pump, 1080, 1141 

Lifters, of Brett’s drop hammer, 2991 

— in moulding, 2110, 2112, 2697 
Light, absorption, 2436 ; chemica* 

action of rays, 3372 ; comple- 
mentary colours and colour re- 
production, 6483 ; coniuscnlar 
theory, 937, 2431 ; diffraction, 
3308 : dispersion and its correc- 
tion, 2734 ; distinction from 
vision, 3181 ; divergent and cou- 
vergeiit rays, 2435 ; effect on 
human eye, 3226 ; electromagnetic 
theory, 3851, 3943, 4021 ; filters, 
in colour reproduction, 6483, 6484 ; 
and gravitation, 938 ; identity 
with radiant heat, 2060 ; influence 
of magnetic force, 3618 ; intensity, 
2435 ; interference phenomena, 
2432, 3229 ; and matter, 938 ; 
measuring sun’s distance by, 
6404 : measuring star distances 
by, 6696 ; necessity for plants, 
173, 504 ; Newton’s theory, 935 ; 
objective reality of. 2431 ; parallel 
rays, 2434, 2435 ; polarised, 2432 ; 
pressure, 36, 549, 937, 3619 ; 

radiation and N and Kbntgen 
rays, 3943 ; radiation pressure, 
938, 3620 ; radiometer, 938 ; 

rays without heat, 3372 ; recti- 
linear propagation, 2432, 2434 ; 
reflection, 2436, 2599, 2735 ; re- 
fraction, 2432, 2599, 2732, 2899; 
relation to electricity, 2434 ; rela- 
tion to sound, 2433 ; scattering, 
2599 ; Bimilarily of Kbntgen rays 
to, 4092 ; speed, 2433 ; in thera- 
peutics, 3372 ; total reflection and 
angle of incidence, 2599 ; trans- 
verse motion of waves, 2432 ; 
nndulatx)ry theory, 3943 ; ultra- 
violet, in lupus and cancer, 3617 ; 
visible and irpif ible, 4094 : wave 
length and limit of vision. 3228, 
3229 ; wa’-e lengths, shortest 
and longest ar .,)reciable, 3369 ; 
wake lengths of various colours, 
3369; wave theory, 935, 2431, 
3849 ; wave vibrations and colour, 
3728 

— and shade : ttee Chiaroscuro 

— reflected, in chiarriscuro, 1534, 1640 
** Light of the World,” Holman Hunt’s, 

plate facing 624 
Light-year, astronomical, 6696 
Lighthouses, construction, 1452, 6498 ; 

staff and salaries, 1497 
Lighting, artifidal, nature and qualities, 
6193 ; systems, 6024 
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Lighting, in building, books on, 6349 ; 
Building Acts regulations, 6024 ; 
minimum, per unit area, 6025 

— methods in drawing, 1534 

— in mines, 3769 

Lightning, conductor, invention, 128 ; 
teleplione poles, 6324 

— stage, lycopodium flash, 1310 
Lights, ship's, varieties and uses, 6411 
Lightships, staff, 1498 ; use, 0408 
Lignite, characters, 6739, 1073 ; distribu- 
tion, 5305 ; paraffin from, 4837 

Lignomiu-, use for walls, 6828, 6830 
Lignum vitie, wo id, 67, 1260, 6687 
Ligule, grasses, 351, 355 
Likenesses, origin, in individuals, 484 
Lilac perfume, source, 6469 
Lillikins, milliner’s, 185, 4565, 5036 
Lily, classification, 355 ; bulb, function, 
728 ; garden culture, 6487 ; sewage 
plants, 4549 ; varieties, 6488 
Lily of the valley, 355 ; culture, 6490 ; 

pollen, protection of, 1114 
Lime, analysis, 1435, 1459, 4415 ; in 
blast furnace, 1044 ; brickmaking, 
1282 ; burning, 1458 ; bine lias, 
in cement, 1856 ; in cement 
manufacture, 1728, 1857 ; charac- 
teristics, 3941 ; ” fat,” 1457 ; 

intermediate, definition, 1458; in 
manures, artificial, 689 ; mortar 
matrix, 1952 ; preparation, 1455 ; 
in rubber manufacture, 6203 ; 
slaked, 844, 14ii6, 1457 ; slaking, 
1458, 5498 ; soil, effect on, 257 ; 
in sugar cane culture, 3654 ; sugar, 
clarifying, 3827 ; varieties, 647 : 
see also ralcium and Quick lime 

— chloride of, 2590, 4777 

— concrete, mixing, 1449 ; testing, 1523 

— fruit, 6087 

— hardening of, 1578 ; slaking, 1457 

— milk of, formation, 844 ; manufac- 

ture, 4163; wood distillation 
product, 5456 ; uses, 4163, 5781 

— mortar, strength. 1521 

— order, classification, 352 

— putty, plasterer’s, preparation, 5498 

— tree, 6687 ; attraction for bees, 353 ; 

dripping points, 727 ; pollen pro- 
tection, 911, 1114; “winged” 

seeds, 911, 912 ; w'ood, 57, 1260. 
5809 

Lime-juice, 4876 ; for scurvy, 3704 
Limelight, 841 ; use of oxygen, 1294 
Lime-pits, leather, 2854 
Limestone, analysis, 4415 ; in brick 
clay, 1280 ; of Buxton deposit, 
1455; calcium in, 813 ; carbon- 
iferous, 647, 1924 ; in cement 
manufacture, 1579, 1853 ; com- 

f iressive strength, 1518 ; crystaJ- 
ine forms of, 1074 ; deposits in 
Kngland, 1455; for footpaths, 
243(1 ; friction data, 959 ; geo- 
logical classification, properties, 
1073 ; geological format ion, 1815 ; 
in iron smelting, 232 ; jointing, 
1925 ; quality of lime yielded, 
1456 ; marble from, 1075 ; quarry- 
ing, 3191 ; specific gravity, 
1518 ; in steel manufacture, 6013 ; 
varieties, classification, 532, 535 ; 
weathered, 1502 
— sheep, 2363 

Lime-Avater, in infant’s milk food, 4682 
Limit gauges, use, 3604 
Limited companies, 6801 ; book- 
keeping, 3186 ; chartered accounts 
of, 3920 ; formation, prospectus, 
etc., 3185 ; fiiiietion of " sinking 
fund,” 288.5 ; ” guarantee ” com- 

f Janies, 3331 ; iiicome-t«x, 3335 ; 
oans on debentures, 3330 
Limmer, asphalte-stone, 1164, 2179 
Limoges enamelling, 3234, 5690 
Liinonite, characteristics, 768, 6739 
Limousine, motor-car, 2464, 2466 
Limpet, shell, 3114. 3116 
Lincoln, Abraham, life, 5976 
Lincoln, 1769 ; tramway system, 2274 
— Cathedral, 8144, 3147, 8374 
— sheep. 431, 2361, 2517 
Lincolnshire, geography, 1273 ; wool 
production, 71, 72, 221, 224 


Llo-Llei 

Lincrufita Walton, for walls, 5828 
Linden : tee Lime tree 
Lindsay's fire-resisting floor, 4763, 4766 
Line, in archltecturo, balanced, 2284, 
2286 ; vertical and horizontal, 
2283 ; in Greek architecture, 2859 

— in art, uses of, 182, 6522 

— in design, 5818, 5820 

— in drawing, 108, 343 ; intersecting, 

1747, 1749 ; suggestive of form, 
2184, 2186; wa\y, zigzag, 2321 
drawing, Press ilhistration, 6102 

— engraving, 6111, 6112, 6114 

— in etching, 6113 

— in geometry, 4207 ; bisection, 470, 

4331 ; division in a given ratio, 
5338; parallel, 4623: theory of, 
4477, 4478 ; perpen(iicular, 472, 
4628 ; segments, division, 5337 
Linear measure, table, 226 

— perspective, 695 

Lined paper, textile, 2939, 2940 
Linen, as carpet warp, 3991 ; as 
clothing material, 4256 ; countries 
manufacturing, 6117 ; drawing, 
2098, 2099; dyeing, 6638, 5956; 
ironing, 2966 ; loom, 3912 ; mann- 
factiire, 1025, 4365 ; in paper- 
making, fibres, 6279, 6280; in 
dressmaking, 3340 ; reeling, 2592 ; 
rubber coating, 5201 ; sizing, 
3491 ; spinning, 2444 ; for under- 
clothing, 3094 ; warping, in weav- 
ing, 3489 ; waterproofing, 808 ; 
yarn counts, 2896, 2897 
Liners, of ship, shell plating, 5021 
Liniments, oil, 1032 
]<ining, boot, rutting and sewing, 
4437 

— in dressmaking, bodice, 788 ; male- 

rials for, 186 : knickers of boy’s 
suit, 15)1; for skirt, 523 

— felt, 1169 

— mine shaft, process, 3457, 3459 

— in tailoring, princes^ robe, 2206 

— vehicle, making, 3623 
LInIng-work, in vehicle painting, 3481 
Link, definition, 1147 ; enginemen’s, 

4600 ; in linear measure, 226 ; 
of slide valve gear, 6139 
Link and cam work, described, 3404 

— motioij, in machinery, 209, 3690 
Link-work, in applied mechanics, 88 
Linn;eus, his botanical cias.siflcation, 

135 ; on man in Nature, 1788 
Linnet, elassifleation, 2209 ; nest, 2506 ; 

plate preceding 2197 
Linoleum, in carriage trimming, 3621 ; 
cork in, 5898 ; laying, 6723 ; 
manufacture, 1026, 1166, .Ml 8, 

5122-5126 

Linotyife machine, 5249, 5250 ; com- 
bination with telegraph, 5395 
Linseed, as cattle food, 2907 ; micro- 
pliotographs, of, 3893 ; oil in, 
2704 ; oil extraction, 4830 ; source, 
5117 

— cake, as livestock food, 2704, 2907 ; 

micrographs, 2893 

— meal, as calves’ food, 2907 

— oil, for linoleum manufacture, 

1026, 5123; in paints, 871, 5146, 
5831 ; preparation, 1032, 1199, 
4830 ; source, properties, uses, 
4831, 4833, 5118 ; varnish solvent, 
5147, 6835 

Lintel, of arch, 2385, 2387, 3243 ; of 
floors, 4756 

Linville system, stresses, 2228, 2229 
Lion, in Assyrian art, 2657, 2659 ; in 
Mycciuean art, 2867, 2868 
Lion, 1490 ; African fauna, 3277 ; fur 
of, 6427 ; papillae of tongue, 2535 ; 
protective iiair, 2156 

— head of, study, 2186, 2187 
Lips, modelling, in sculpture, 1611 
Lippi, Filippino, painter, 3793, 3795 
Liquation, in metallurgy, process, 8836 
Liquefaction, in physics, 1268 
Liquid, excess in human body. 867 
Liquids, buoyancy, 1078 ; change of 

state, 8837 ; conductors of elec- 
tricity, 3260 ; definition and 
classification, 1070 : expansion 
under heat, 1788; friction, 050; 



klq^Lon 

moleouUr motion, 1268 f physics 
of, 1142;* sound transmitting 
medium, 2101 ; surface tension, 
1270 ; volatUe, 1741 ; volume 
measure, 63 

Liquorice, source, uses, 6687 
Lisbon, 1134, 2234 ; earthquake, 

1208 ; shipping, 5823 : trade, 
4520 

IJst, in textile manufacture, 3489 
Listel, form of moulding, 5297, 5299 
“ listening Giri ’* (Greuze), 41J9 

’, Lord, antiseptic treatment, 202 
iture, American, 3780 ; Augustan 
ago, 1829 ; bibliography, 2787 ; 
.cal, Greek and Latin, 3781 ; 
larative, 3780 ; Continental, 
; English, birth of, 3077; 

. rians, living, 2785 ; living 

E rose writers, 2685, 2785 • place 
1 life, 103 ; poetry ; see Poetry ; 
scholarship in eighteenth century, 
2141 ; scholars, living, 2786 ; 
technical, 5594 : see also Drama, 
Fiction 

Litharge, 1160; in metallurgy, 358; 

properties, uses, 5832, 5988 
Lithographic inks, 6636 
— atones, 5308, 6635, 6636, 6739 
Lithography, aluminium in, 5993, 
6638 ; books on, 6038 ; printing 
machinery, 6636, 6637, 6638 
Llthopone, composition, use, 1036, 5143 
Lithosphere, area, 302, 622 
Litmus, 1158 
Litotes, grammar, 1616 
Litre, unit of capacity, 337, 422 
Liver, human, 676, 680, 077 ; diseases 
of, 6842 ; as thermogenic centre, 439 
Liver-rot, in sheep, 2625, 3959 
LiverpfK)!, 1272 ; afforestation, 4603 ; 
trade, 0005, 6006 

XJvestoek : see Cattle, Pig, and Sheep 
Liverworts, 1311, 1308 ; classification, 
165 ; sewage plant, 4549 
Lizards, description, 2677, 2678 
Llama, distribtition, use, 220, 628 
I-lanos, disiributiou, 627 ; Mexican, 
^ 4170 ; H. American, 4283, 4287 

Lloyd’s, 4853, 6363 
Lloyd’s register, 6221, 6363 
Load, of beams, 1084, 1987, 2197; in 
bridge-building, 2762, 2763 ; build- 
ing materials, 1519 ; in engine 
frames, 4200 ; nnn-axial, 2200 ; 
steel-framed structures, 2226, 2227 
— factor, in electricity, 2816 
Loaded governor, formulfle, 2018, 2019 
Loading-gauge, railway, 5073 
— rack, of van, 2829 
Loaf, names of various, 3392, 3393 
Loam, in agriculture, 255, 258 ; In 
brick-making, 1279; in casting, 
2112, 2338, 2339 \ geological classi- 
fication, 1072 ; formation, 1815 ; 
“ 8weeping-up ” patterns, 2469 
Loans, bank, 4167, 4292 
— international, in banking, 3973 
Lobelia, culture. 6320, 0491 
Lobes, of cerebrum, anatomy, 2144, 
2146 

Lobnitzroek cutter, 1826, 1827, 1828 
Lobster, 31 ; choice of, 3717 ; classifi- 
cation, 3361, 3806 ; cutleta, cook- 
ing, 1874 ; fishing, 4991 ; hatch- 
eries, 5314 ; sources. 6121 
Local au hority, control of building 
work, 307, 308, 331 ; control of drain- 
laying, 733 ; control of engineering 
schemes, 1237 ; education scholar- 
ships, 481 ; engineers, surveyors, 
461 ; teachers* inspectorships, 6479 
Local government, classification of 
autnorlties, 310 

Local (government Act, 1888, county 
councils, 317, 318 ; provisions, 80 ; 
roads, provisions, 1978 
— — 1894, provisions, 80, 1979 
-- (IreUnd), 1898, provisions, 817 
M>ca] Government Board, audit of local 
accounts, 316 ; control of munici- 
pal health department, 697, 786 ; 
and municipal service, 82 ; direc- 
tion of poor law relief, 1851. ; 
nurses* appointments, 6172 


Locality indicator, locomotive 5105 
Locative case, Greek, 6668 ; Latin 764 
Lochs, formation, 980, 1354 : /or 
separate lochs, see Lomond, etc. 
Loci, in geometry, finding, 4905 
Locks, canal, construction, types, 6486 

— in carpentry. 3647 

— of vehicles, 3022 

Locke, John, definition of memory. 
2304 ; empirical theory confirmed 
by modem embryology, 2116 ; 
origin of ideas, 6266 ; psychology 
of, 2013 ; works, 1641 
Locker, of stocking frame, 4620, 4622 

— system, in railway construction, 3816 
Lockhart, J. G., Scott's biographer, 

2310 3347 

Locking, of vehicles, 2557, 2558, 3122 
Locking-bar, railway, 3610 
Locking-frame, signal cabin, 4686 
Lockjaw : see Tetanus 
Lockyer, Sir Norman, on coronium and 
atomic evolution, 4135, 4136 ; on 
education and instruction, 2603 ; 
transmutation of elements, 4561 
Locomotion, of certain bivalves, 3286 

— human mechanical laws, 1797 
Locomotive, electric, advantages over 

steam, 2086, 2087 ; In mining, 
3565 ; recent tractors, 2275 ; 
speed, 2085 

— railway, 6515-6517; Adams’s fun- 

nel, 520 ; axle-box, 3266, 3267 ; 
boilers : see Boilers ; contractor’s, 
1821, 1823 ; driving wheels and 
counterbalance weights, 2021 ; fire- 
box, 3101 1 management, 4592, 
4599 ; modern types, 4226 ; in 
mountain railway, 3816 ; oil-fed, 
5106 ; power transmission, 5353 ; 
pneumatic power, 5356 ; rack 
railways, 2275 ; shunting arrange- 
ment in temporary line, 3254, 
3255; testing plant, 6105; tests 
of power, speed, locality, work, 
etc., 5101, 5105, 6100 ; weight of. 
2274, 6517 

— superintendents, railway, duties, 4231 
—'System, human, 1603, 1708, 1709; 

control by will, 5841 ; muscles, 
3710; organs, 197 
Locomotor ataxia, symptoms 2120 
Locus, in geometry, definition, 4724 
Locust, 3277, 3364 

— bean, 6887 ; as livestock food, 2909 
Lode, in mining : see Vein 
Lodestone, 659 ; chemistry of, 1045 ; 

properties, 768, 4243 
Lodge, Sir Oliver, on persistence 
of *’ self,” 3665 ; speed of elec- 
trons, 2028 ; wireless telegraphy 
3895, 3896 

Lodge, Thomas, author, 1641, 2963 
Lodge-Muirhead wireless, 3898 
Loess, 1073 ; fertility, 4407 ; formation, 
1921 ; nature and cause, 1500 
Log-carriage, band saw, 5006, 5997 ; 

circular saws, 6144 
Log-leed, rope, 5990 ; steam, 5997 
Log-frames, varieties, 5900, 5901-5904 
Log-loader, construction and use, 5997 
Log-iiiill, driving arrangements, 6144 
Log-savring machines, 6899, 5900 
Logarithms, 6500, 6627 ; Chambers’s 
tables, 6627 ; nautical use, 6659 ; 
proportional differences, 6627 
Logic, Bacon’s systemic 6000; deduc- 
tion and induction, 5998, 6097 ; 
definition, 5900; fallacies, G099 ; 
logical sense, 6099 ; ftlill’s system, 
6001 ; nature and value of, 5008 ; 
relation to other sciences, 5998 ; 
symbolic, 6099 ; value to student 
of science, 6998 

Logogram, in shorthand, position, 1235 
Logs, defined, 3544 ; board-cutters and 
band saws, 5994 ; breaking down, 
5000 ; circular sawing, 6143 ; saw 
loading and rolling, 5907 ; sawing, 
5899 ; stability conditions, 5968 ; 
weight estimalion, 5964 
Logwood, 6687 ; in dyeing, 5145, 5005, 
6433 ; in textile printing, 4501 
Loin straps, of harness, 4836 
Lollards, th^ in Richard IL*s reign, 
8260 ; Henry YL’s reign, 8464 
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Lombardy, geography, 2230 ; architec- 
ture, 8282, 3376 
Lomond, Loch, 1065 
London, Alfred the Great fortifies, 2355 ; 
basin, strata of, 628, 2266, 4156 ; 
bridges, structure, 2497, 2498, 
2499 ; children’s entertainment, 
6417; City of. Corporation; see 
City Corporation, London ; County 
Council : see London County < 

Council, hdow; education statis- 
tics, 319 ; geography, 1274 ; geo- « 
logical formation, 628 ; harbour 
regulations and revenues, 6220: 
houHlng problem, 519 ; municipal 
enlcrprise, 318; omnibus statis-J 
tics, 2153; police, Metropolitan 
and City, 320, 1400 ; poor laW| 
asylums and hospitals, 1929, 1930 ; 
Port of, administration, 320 ; 
road cleaning, 1980; roadways, 
ancient, 1977 ; Homan occupa- 
tion, 2242 ; site, cause of, 4519 ; 
soil, peculiarity of, 143 ; subways 
for underground pipes, 2326 ; 
telegraphic intercommunication, 
5537 ; telephones, 5600 ; tram- 
way statistics, 319, 2153 ; transit 
trade, 6005 ; transport and traffic 
problems, 2153 ; w'ater filtration, 
4097 ; water, supply, 4027, 4156, 
4158 ; water, underground, 4156 
London Bankers’ Clearing House, 
3971 

London Bridge, 2497. 2499 ; founda- 
tions, 2737 ; Thames, at, 1274 
London, Brighton & South Coast Rail- 
way, petrol motor-cars, 4812 
London Buildings Act, 519, 2201 
London Chamber of Commerce, exami- 
nations, 148 

— clay, classification, occurrence, 2254 
London County Council, architects, 

785 ; asylum officers’ salaries, 
699, 1406 ; careers offered by, 
318 ; chemists’ salaries, 787 ; 
cierksliips and sBlaries, 1214 ; 
education department, 1678; edu- 
cation scholarships, 481 ; electrical 
engineer’s salary, 573 ; engineer- 
ing works, 318 ; finance dcimrt- 
ment salaries, 1007 ; fire I rigade, 
1497, 0837 ; gas meter inspectors, 
J498 ; history and duties, 318 ; in- 
dexers, women, 322; inspeclorsliiiis, 
minor, 788 ; medical officer's 
salary, 698 ; officials and salaries, 
318; sanitary inspectors, 699; 
solicitor’s salary, 1410; surveyors, 
455, 785 ; school teachers’ salaries, 
164; tramway manager’s s.alary, 
573 ; tramw’ays statf, 1498 ; weights 
and incasures, inspector of, 788 
London & North-Western Railway, 
4801, 4802, 4809; coach slipping, 
4805 ; distinctive mark, 5069 ; 
dynamometer car, 5104, 5105 \ 
engine, gear, arrangement of, 4600 ; 
goods depot, 6073 ; passenger 
engines, Rhltts, 4598 ; rail rolling 
mill, 5103 ; short haulage, 5070 ; 
shunter, 5070 ; signalling system, 
4688 ; time-tables, diagrammatic, 
4803 

London & South-Western Railway, 
engine gear arrangement, 4000 ; 
premium awards, 4594 ; track 
inspection, 4593 

— stocks, bricks, 1280, 1510 
London University, matriculation ex- 
amination, 149; sociology adopted 
as academic subject, 4123 : see also 
University College, London 

Long clothes, infant’s, drafting, 3853 

— division, explained, 02 

— dog, carver’s screw, 5810 

— flannel, infant’s drafting, 3854 

— primer, typo, 6028 

— sight ; see Hypermetropia 

— stroke stationary engine, 5912, 5913 

— tandem engine, construction, 591 3 

— tom, in mining, 2665 
X.ongclotii, uses, 3003, 6796 
Longevity, 2661, 2797; and heredity, 

2662 

Longhorn cattle, 2236. 2237 
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Longitude^ explanation, 13, 14 ; in 
astxononiy, 0244 ; determination 
in navigation, 6659, 6663, 6665 

— difference of, defined, 6665 
Longwall working, in mining, 3191, 

3560 

Lonk eheep, 2362, 2365 
Lonsdale waggonette, described, 2464 
Loom, antoniatic, 3635-3637 ; Brus- 
sels carpet, 3990, 3092 ; Compton, 
3992, 3994 ; Dobcross, 5511 ; 

curtain, 4980 ; gauze, 3912 ; 
hand, 3492 ; Jacquard, 3684, 
3685 ; jute, 3912 ; lace, 225, 4879, 
4978 ; I,ever*s lace, 4978, 4980 ; 
linen, 3912 ; mechanism, 3684 ; 
power, 3492, 3493 ; primitive, 
3488 ; velveteen, 3685, 3686 ; 

warp and web beams, 3686 ; 
weaving shed, 3911, 3912 
Loom-niekexs, maniifaeture, 3715 
Loop, blind, underclothing stitch, 3337 

— of harness, making, 4887 

— letters in ‘thorthand, 427, 587, 689 

— stitch, 150 

Looper, stick-caterpillar, 3514 
’ ooping w'ir<w, in carpet weaving, 3991 
L> 08 e-leaf system, in ottice work, 6521 
j,oose pieces, in casting, 2338, 234 1 
liOqUat, tree, 0687 
Lorain system of tramways, 2273 
“ Lorenzo and Isabella, ” jMillais’ 

piftnre, 4394 

Lorraine, province, (iernmny, 1975 
Lots, auctioneers*. 4984, 4985 
Liitiis tlow'er, 352 ; in architecture, 2520 
Lough, formation, 980 
Louis IX., of France, war with Henry 
III. of Kngland, 3073 ; reign, 4101 
I,oiiis XI., of France, wars, encourage- 
ment of learning, 4102 
Louis XII 1.. of France, reign, 5110 
Louis XIV., treatment of James II., 
4842 ; war of Spani-sh Succession, 

4951 ; and IVace (d Ftrecht, 

4952 ; reign and character. 5110 
Louis XV,. of France, reign, 511(» 

IjOiiIs XVI., of France, character, 5111 ; 

execution, 5112 

Jamis the tlreat, of Hungary, rule, 4399 
lx>iiisiana, state, products, 4172 ; pur- 
chase hy i'.S.A., 5974 
Louping ill. sheep disease, 2625 
l.ourdes, miraeles of, explanation, 3663 
Loiise-w'ort, <Jescripti(jn, 506 
Louvre, art collection . 870, 3946, 3949 
Love-bird, classification, 2211 
Low (Icriuuu, classjtication, 1771 
Low-pressure heating system, 6017, 
6022 

— temperature, chenust.", investiga- 

tions of Moissan and Dewar, 1444 
Lowell, J. Hnssell, on Chancer, 324 ; 

essayist, 3780 ; on Pope, 9t)3 
Ix)westoit, Iiarboiir eoiistriiction, 63.30 ; 

herring industry, 1274 
I.ownu)or iron extraction, 4636 
laibricants, for axles, 3328 ; petroleum, 
6151, 6152; varieties, 1032, 10-33 
Lubricating oils, flash-point test, 6149 ; 

production, 6147 ; varieties, 6148 
Lubrication, automatic, engine and 
tool, 5750 ; of abaft bearings, 
3264 ; impfjrtance, 2108 
Lucas, Seymour, |»ainting by, plate 
/acinff 2153 

Lucca, oil, 2230 ; silk industry. 582 
Liice-Kozan silver recovery, 5987 
Luccre (Italian verb), conjugation, 6378 
Lucerne, grass : ttee Alfalfa 
Lucifer matches ; Kce Matches 
Lucknow, relief, 6552 ; inaiuifactures, 
2820 

Lucretius, Tlomau poet, and atomic 
theory, 1596 

Lug-worm, des(Tiption, 3956 
Luggage, railway treatment, 5108; 

touring parties, 1810, 1812 
Lomachelle marble, plate facing 480 
Lumbar ple\ns, human, 1941 

— vcrtebrie, human, 1605, 1606 
Lumber, defined, varieti''B, 4657 

— trimmers of saws, 6358 
Lumbering, centres of, 5662 ; North 

Aineiicaii, 4065, 4066, 4068 
Luminous paint, mnnnfactiire, 1036 

f)9r,6 


Lunacy . see Insanity 
Lung, in llsh, 3070 

— frog’s, growth of, 2801 

— human, analumy, 1299, 1300 ; blood 

circulation, 1192, 1195 \ function, 
in singing, 0048, 6049, 6052 ; phy- 
siology, 197 ; rest periods, 4391 

— pigs, inflammation, 2625 

— of reptiles, amphibians, etc., 30 
Luiig-hiK)k of scorpion and spider, 3803 
Lung-fish, respiration, 3067, 3070 
Lung-snail, breathing, 3115 

Luo (Dreek verbl, conjugation, 5520, 
5657, 5808, 6094 

Lupine, pollination, 732 ; culture, 6529 
Lupus, Finsen treatment, 3372 ; 
Kiintgen rays treatment, 4093 ; 
ultra-violet light treatment, 3617 
Lustra cellulose, production, 6562 

I. ustre-mercerisatioii, 6197 

— in pottery decoration, 5385 

— worsted material, warp, 2594 

“ Lute," in balUnm construction, 3978 ; 

in sulphuric acid plant, 4628 
Lute, strings of, 2968 

— sounds, in harp music, 3530 
Luxor, obelisks of, 420 ; temple of, as 

artistic creation, 2519 ; wall paint- 
ing, plate facing 2041 
Lyall, Sir Alfred, as poet, 1438 
Ly<‘opodium powder, use, 1310 
J-ydia. Cyrus’s conquest of, 20 ; Greek 
civilisation. 2858 

J. yddite, inanutHct ure, 6765 

Lyp, soda, soap manufacture, 4964 
Lycll, Sir Charles, doctrine of Vniformi- 
tarianisni. 1205 

Lyly, John, drama. 679, .849 ; drama- 
tist, influence on Shakespeare, 2963 
Lymph, 1195 

Lymphatic glands, physiology, 1195 
J.ynipliatics, 1195 ; in fat digestion, 
676 

Lynx, skins and fur, 6427, 6430 
Lyra, constellation, hwation, 6117 
Lyric poetry, characteristics of Kiiglish, 
1307 ; meaning of term, 306 
Lysitipus. seul])tor, 2929 
J.ytton, Kdw’ard Bulwer. I/ord, plays, 
]]52: failure in poetry, 1309 

M8S.I ilhiiiii nation, 6275 
Mabuse, painter, style, 3948 
Macadam roads, 1977; construction of, 
2181, 2 7X2 ; cost and life, 1980 
Macaroni, dietetic value, 3111, 3312, 
3601 ; digestibility, 3314 

— 5 I’Americaine, recipe, 2334 

— carver’s Lk>1, 5809, 5810 
Macartliy double-roller, gin, 389, 390 
Macaiilaj-, Lord, 2619; criticism of 

Faery Queen, 538 : on eighteenth 
century drama, 1149; ptwtry, 
1309 ; works, importance, 2015 
Macaw, 2211, plate lacing 2209 
McCHrthy, Justin, historian, etc., 2785 
Macdonald, George, novelist, 3442 ; 
poems, 1438 

McDougall, psycliologist , feeling-tone 
theory, 2517 ; on ganglion-cells and 
a.ssociations. 2804 
Mace, 4721, 4722 

Maced(H»ia, conquest by Pyrrhus of 
Lpirus, 1203 ; Persian invasion, 
772 ; Philip II.'s reign, struggles 
with tireece, 774 ; reign of 
Alexander the Great , 972 
MacliicouHs, military bloeklioiiee, 6273 
Machine man, printer’s, work of, 5026 

— shop, 3316 ; depart rneiita, siibdi vi- 

sit'll, 3634 ; dictionary of, 3409 ; 
interiors, 3692, 3693, 3694, 5591, 
5593 ; turnery work, 3628-3634 

— f(K)ls, dictionary of the practice, 

5215 ; electrically driven, 5448- 
5452, 5453, 5455 ; in pattern- 

making, for casting, 2453 ; pneu- 
matic portable, 5452-5456 ; port- 
able, types and use«, 6276-5283, 
5448-5452 ; reciprocating and 
rotary, 4999 ; testing, 3963, 3965, 
3966 ; see also Lathe 
Machinery, allow'ances against renewal, 
flnancial, 2885 ; concrete beds for, 
334 ; drawings of engine details, 
4423, 4428 ; in civil engineering. 


1821-1828 ; civil engineer’s know- 
ledge, 157 ; testing, 3961, 3963, 
3964, 3965 ; wear and tear, allow- 
ance, 2759 

— artificer, army, promotion, 4031 
Machines, arrangement in engineers’ 

shops, 5590 ; drawing of details, 
4323, 4329 ; factory expenses, 

6641 ; portable, 5448, 5455, 6456 

— theory, 85. 684 ; applications of, 828 
Macliiiiists, army, 3840 

Macinttish, C., first waterproofs, 5045 
Macintosh cloth : see Waterproof cloth 
"Muck’’ flre-resistiug partitions, 4759 
Mackerel, carving, 5936 ; choice of, 
3717 ; classiflcatlon, 3065 ; fish- 
ing, 2527, 5121 ; grilling, 1873 
MacronuclcMis, of paramu?cium, 381 
Mnerurus, fish, description, 3070, 3071 
Macula hitea, in optics, 2402, 2954 
Maetcar’s mechanical furnaces, 4634 
Madder, pigiilent, 871 ; sources, use, 
substitutes, 5118, 5906 

— artificial : see Alizarine 

— plant, classification, 354 

“ Madonna," Botticelli’s picture, 3793 

— Correggio’s picture, 3796 

" Madonna with SS. Jerome and 
Dominic,’’ Lippi’s picture, 3793 
Madrivs, presidency, 2818, 2972; 

ceded to England, 6549 ; exports, 
5381 ; siege raised, 5555 
Madras muslin, designs, 6593, 6594 
Madreporic disc, of starfish, 4081 
Magazines, eftcct on book output, 2686 

— engineering, 5594 

" Magdalen," Correggio’s picture, 3796 
Magenta dye, 3711, 5908, 5953 
Maggots in sheen, symptoms, 2625 
Magistracies, stipendiary, 6748 
Magna Chart a, 291.') 

Magne.sia. characteristics, 3941 ; proiwT 
ties, preparation, 1042 
Magnesian limestone, 234, 1073, 1520 
Magnesite, analysis, 4115; eharaeters, 
6730 ; in Wellman furnace, 6017 
Magnesium, 1042 ; analysis, 4413 ; ex- 
traction and niamifactiire, 5756 ; 
pereeiitagc in earth’s crust, 2:J9, 
621 ; properties, use, 3837, 4307 

— carbonate, in brick clay, 1280 

— ribbon, manufacture, 4307 

— sulphate ; nre Epsom salts 
Magnet, 559: electro: see Electro- 
magnet ; Faraday’s snark from, 
951 ; field : see Field-magnet ; 
induction by, 950, 951 ; natural 
and Sturgeon’s discovery, 129 ; 
properties, 4243 

Magnetic belts, impoteney of, 4245 
“- bias, in telegraphy, 5066 

— course, in navigation, 6661, 6665 

— dip, 4244, 4246 

“ drug, ill armature, 1591, 1592 

— equator, defined, 4244 

— equilibrium, unstable, 5066 
-- field, 560, 3619 

— flux, 560 ; three-phase currents, 

1908 

— lines, .560 

— meridian, defined. 4244, 6665 

— jiolcs, in navigation, defined, 6665 

— variation, correction in triangula- 

tion survey .s, 591 

Magnetism, 4243-4246 ; books on, 
4298 ; effect on polarised light, 
38.52 ; relation to light, 3617 ; see 
also Elcetro-magnctlsm 

— personal, discussion of term, 4450 
Magnetite, 768, 1045, 6739; composi- 
tion, source, 4466 ; distribution, 
231 ; use in magnetite lamp, 2684 

Magneto-electric machines, inventions, 
129, 1104, 1.325 

Magnet*, Mayer’s, in chemistry, 2391 ; 

molecular, theory of, 4245 
Magnitude, absolute. In algebra, 1819 
Magnolia, 852 ; bed culture, 6530 
Magpie, classification, 2210 ; nest, 2507 
Magpie moth, chrysalis warning colora- 
tion, 3515 ; colour of adult, 3510 
Magyars, 2354 ; in Hungary, 2162, 2048 
Mahogany, 6887 ; for carving, 5809 ; 
In dyeing, 6906 ; strength, 1200 ; 
timber, 56 ; varieties and use, 
4658, 0579, 6582 
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Mahomet : see Mohammed 
Matirattae. 1790 ; Moguls overthrown 
by, 418 

Mahua butter, source of oil, uses, 4832 
Maidenhair ferns, culture, 6532 
Maignen^s Anti-calcaire, 4158, 4255 

— filter, report of 1894 on, 3380 
Mail axle, 3326 

— order business, 5930, 6801 

— phaeton, described, 2466, 2726 

— shells, 3113 ; description, 3286 

— under-carriage, 3123, 3124 
Main de l)ieu,” Rodin’s, 1675 

Main carriers, in sewage farming, 4549 

— distributing frame, telephonic, 6078 

— line circuits, telegraphic, 4607 
Mainmast, of sailing ship, 5399 
Mains, in water supply, distributing, 

sizes, construction, 4337 ; water 
pressure, 5675 

Mainspring, verge watch, 6082, 6083 

— watoh, replacing and repairing, 0083 
Maize, 1198, 4874, 6887 ; climatic condi- 
tions, 4493, 4874; cultivation, 865, 
1198, 4874 ; dietetic vahie, 3312 ; 
ensilage system, ld7f)-1971 ; cows’ 
food, 3890 ; extraction of starch, 
4556, 5364 ; grown for starch, 5364; 
improvement by selection, 637 ; 
as livestock food, 1198, 2075 2904; 
2909 ; manufacture into glucose, 
4557 

— meal, cows’ food, 3892 

— oil, source, properties, 4831, 4833 

— starch, 5364 ; micrographs, 5365 
Major, in tonic sol-fa notation, 924 

— chords, 363 ; in sotting melodies, 631 

— premise and term of syllogism, 6098 

— scale, in music, 272 

Malachite, characters, 4127, 6305, 6739 
Malacostens, fish, 3070, 307] 

Malar, cheek-bones, structure, 1604 
Malaria, causes, and luotection from, 
3721, 4089, 5410 ; 

Malay Archipelago, ethnology, 1788 ; 
geography, 3l(i0, 3161 

— rcninsula, geography, 2973 
Malaya, fowls, 4954, 4957 

Malays, race, distribution, 627, 629 ; 
ethnologv', 1789 ; skull measure- 
ment, 1787, 1786 
Mule fern, stiiicture, 1116 
Malic acid, occurrence, natural and 
artificial, 3704 ; in plastered wines, 
2879 ; source, 3112 

Malleability, of metals, 240, 1375 ; in 
art, 5523 

Malleable cast iron, shrinkage, 2J142 
Mallciii, definition, 2620 
Mallet, 3388, 4584, 4586 

— carver’s, 5809, 5810 

— compositor’s, use, 5457 

— mason’s tool, 2837, 2839 

— plumber’s, 5029 

— in quarrying, 532 

Malleus bone, of car, 2533, 2534 
Mallow, 349, 352 ; as weed, 1378 
Malm bricks, description, 1947 
Malpighian corpuscles, kidney, 1602 

— layer, of epidermis, 1420 

Malt, 874, 288(t ; in brewing, 6228 ; 
grinding In brewing, 6057 ; as live- 
stock food, 2704, 2908 

— beer, how tf> make, 3316 

— comns, 874 ; cows’ food, 3892 ; 

as livestock fo(»(l, 2704, 2908 

— extracts, in hreadmaking, 3394 

— tloiirs, in breadmaking, 3394 
Maltose, conversion from starch, 3085 
Mammals, 29, 30 ; adaptability of 

limbs for progression, 1869 ; brain 
development, 2155 ; chronological 
order, 2155 ; circulation and respira- 
tion, 2155 ; classification, 380 ; 
coloration, 2156 ; comparative ana- 
tomy, 98 ; egg-laying, abandon* 
meat of, 2155 ; milk diet of young, 
2155 ; orders, characters of, 1493 ; 
moans of progression, 1869 ; swim- 
ming apparatus, 2038 ; tempera- 
ture of blood, metabolism, 439 ; 
weapons and colours, 2155 
Mammoth, engravings on bone. 2479, 
2480 ; ivory from Northern Liberia, 
811 ; prehistoric portrait on ivory, 
2256, 6200, 6300 


Man, air used in repose, and at work, 
3801; anatomy, 07. 1603, 1708; 
arboreal ancestry, traces of, 1871 ; 
brain development, 2165 ; brain 
w'cight, 2144 ; in classification of 
animals, 1788 ; intiuence of climates 
on, 4494 ; future evolution, 
3118; geological agent, 1814; 
height and weight, 4528, 4529 ; 
interdependence, 5100 ; length of 
life, 4527 ; materialist’s view of, 
3665 ; period of development, 
2255 ; physically perfect, 4527 ; 
place in animal kingdom, 1493 ; 
power of, 5011 ; prehistoric, cirly 
art, 2478 ; prehistoric imple- 
ments, 2265 ; product of pro- 
gressive natural selection, 5387 ; 
psychological differentia, .2373 ; 
respiration, 1301 ; strength statis- 
tics, 3049 ; tripartite division, 4527 
Man, Isle of, geography, 1367 ; his- 
tory, 2610 

Manatee, description, 1762, 2039 
Manchester, cotton industry, 223 ; 
induBtries, 1272 ; linen industry, 
1025 ; municipal staff salaries, 452, 
573, 698 ; shipping, 6005 

— Ship Cana), construction. 6486, 5487 ; 

cost, 4510 ; engineering, 1826 
Mandibles, of beetles, 3510, 3511 ; 

cockroach, 3363 ; of crayfish, 3807 
Mandoline, 4308 ; manufacture, 6707 
Mandrel, of capstan lathe, 4913, 49J7 ; 
in dead-centre grinding, 3408 ; 
of lathe, 4913, 4916 ; in pipe bend- 
ing, 5629, 5630 ; plumber’s, 5029, 
5030 ; in tube manufacture, 5321 

— blo<*k, in coppersmi thing, 3884, 3889 

— press and stand, use, 5214 
Manet, Edouard, painter, 4394, 4395 
Manganese, 1043 ; in Bessemer pig 

iron, 4907 ; distribution, 3772 ; 
ill iron and steel, 234, 362 ; proi>or- 
tion in earth’s crust, 239; in 
puddling, 4637 ; in steel, 4747, 5014 

— bronze, properties, uses, 3940, 6309 

— dioxide, for chlorine, 4776 
Mange, in horses, 2021 

Mangel, 942-944 ; cultivation, 1230, 
1232, 1233: drilling, 1847 ; har- 
vesting, 1665 ; as livestock food, 
1198, 2704, 2904, 3891 ; manuring, 
589, 590 ; poultry foods, 5436 
Manger, in cattle house, 2997, 3672 
Mangle, in laundry work, 2475 
Mangling, cloth manufacture, 4343, 4345 

— rollers, in shipbuilding, 5920 
Mangrove trees, bark for tanning. 0066 
Manhole cover, 734, 3243, 5797 
Manlioles, of boilers, 3103, 3106 

— in drainage, 57 7, 736 ', const ruc- 

tion, 734 ; of house drain pipes, 
6051, 5052 ; of sewer, construction, 
4458 ; specification of construc- 
tion, 2324 

Manicurists, business of, 3738, 3739 
Manifolding, in typewriting, 1698, 1919 
Manilla, fibre, 5639 ; in plastering, 
5498 

— hemp, 6887 ; dressing, 1389, 5118 

— rope, in scatfolding, 1170, 1099 
Manioc, cassava, cultivation, 4959 
Manitoba, agriculture, 3206; geo- 
graphy, 4066 

Manna, 6887 

Maiincsmaim tube-making process, 5324 
Mansard roof, 4253, 4758 
Mantissa, of logarithm, 6627 
Mantle, of mussel, 3284 

— Welsbach burner, 6026 
Manufacturer, development from re- 
tailer, 6926 ; hire-purchase ac- 
eounts, 3917, 3918 ; stocks for 
wholesalers, 6207 

Manufacturer’s agent, 659 
Manure, 266; analysis, 433; artificial, 
589, 5585 ; books on, 3471, 6689 ; 
cotton cake, 1032 ; farmyard, 
constituents, 5587 ; garden, 6204, 
6836 ; liquid, 3890 ; nitrogenous, 
589, 6587 ; phosphatic, 589 ; 

mamifacturo, 5586 ; poultry, 5874 ; 
RothamBted experiments, 1378 
Mftories, ethnology, 1789 ; nasal index, 
1784 ; in S. Australia, 323(1 


Maple, 353, 6887 ; " keys,” seed- 

dispersal, 911, 912 ; timber, 57, 
1260 ; sugar from, 4351 
Maps, 457-459 ; enlargement and re- 
duetion, 494 ; equal-area projec- 
tion, 4514, 4520 ; Mercator’s pro- 
jeetiou, 45/4, 4520 ; survey, 158 
Marathon, Battle of, 772 
Maranham cotton, 384, 1701 
Marble, 3245 ; artificial, 0636 ; as 
building material, 3245 ; dyeing, 
6766; fonnation, 1075, 1366; 

in (Ireek buildings, 142 ; in lime* 
making, 1455 ; in paving, 2616 ; 
quarrying, 2955, 2956 ; sculptur- 
ing in, 1675 ; staircases, steps and 
thresholds, 3248 ; varieties, 633 ; 
WTatherliig, 2835 
Marbles, glass, manufacture, 4730 
Marconi, wireless telegraphy, 3890 
Marco Polo : see Polo, Marco 
Marcus Aurelius, Roman emperor, 2070 
Margarine, adulterant of butter, 3333, 
3716 ; boric acid as preservative, 
3820 ; countries producing, 5119 ; 
dietetic value, 3311 ; digestibility, 
866 ; manufacture, 1032, 4832, 
4833 ; sale of, 3624 
Margin plate, of sliip, fitting, 5741 

— in slating, 4866, 4867 
Marine boilers : see Boiler 

— engines, crank, 2021 ; triple ex- 

pansion, 6293, 0294, 6295 

— glue, use, constituents, 811 

— insurance, principles, 4849, 4853 

— superintendent, railway, 4227, 4231 ; 

of shipping, 6361 
Marine surveying, 159, 1016 
Mari non! printing machine, 5869 
Marjeleu See, 461 

Market-gardening, 6673 -6677, 6835 
Marketing, domestic sliojipiiig, 1227 
Marking, cotton for, 3093 

— out, in joinery, 5298, 5299 

Marl, 258 ; in cement manufacturing. 

1579 ; colours from, 5776 
Marlborough, Duke of, cliaracter and 
career. 4843, 4050 

Marlborough, Sarah, Duchess of, 4950 
Murlow'e, dramatist, 679, 849 
Marmalade, manufacture, 4S47, 4848 
Marmot, fur and skins, 6427, 6430 
Marquetry, defined, 6583 
Marriage, American, 4663 ; animal, 
relation to monogamy, 4538 , 
antiquity of, 4535 ; tiest age and 
condition, 4529 ; biological sanc- 
tions, 4538 : books on, 4539 ; in 
Brahmanism, 418; failure of 
false systems, 4539 ; a funda- 
mental institutiuii, 4372 ; historical 
development, 4536 ; indestructi- 
bility, 4539; influence of (Uiristian 
Cbnrcli, 5531; law^ of, 6848; 
“ leasehold,” 4537 ; sociological 
evolution of, 3871 ; sociologist’s 
attitude, 4538 ; aid to “ survival 
of the fittest,” 4539 ; iii)held by 
conservative forces, 5389 
MarritMl Woman's Property Act, 6849 
Mars, planet, 6250, 0567 ; canals, 6569 ; 
artificial production of similar 
appearance, 3181 ; nebular hypo- 
thesis, 620, 6702 ; position in 
solar system, 11 

Marsh cniuesbill, seed dispersal, 910 

— gas : sec Methane 

— ti'st for arsenic, 4630 
Marsli-mallow', classification, 352 , 
MarsiUa, fern, full account, 1118 
Marsupialia, order of mammals, 1763; 

development of extremities, 1871 ; 
species of, 1494 

Martele. violin bowing, 2742, 2743 
Martens, skins and furs, 6427, 6430 
Martin, classification, characteristics, 
2210 : f(X)d, 2493 ; nests, 2507 
Martineau, Harriet, authoress, 3430 
Martin’s cement, 5500, 5506 
Martynia, seed dispersal, 911, 912 
Marvell, Andrew, poet, 992, 995 
Marver, in bottle-making, 4735 ; in 
crown glass manufactiure, 4534 
Mary, Queen, reign, 3834 
Mary, Queen of Scots, affianced to 
Dauphin, 3633 ; life, 3007 



QBNERAL INDEX 


Mas— Mi»r 


MascnUne cfesurn, defined, 806 
Mauh, brewer's, 6228 
Mash'tun, brewing, <i057 
Mashani, silk w'aste utilisation, 585 
Mason, importance of his work, 2635 
Mason's scaffold, 1171 
Masonry, architect’s detail drawing, 
5695 ; books on, 6349 ; construc- 
tion, in civil engineering, 1452 ; 
dictionary of, 1954, 2843 ; loading 
factor of safety, 21 « ; materials, 
tools and processes, 2835-2942 ; 
protection from frost and injury, 
3245 ; shoring in, 920 
Mass, in arcliitecture, 2280, 2288 

— in drawing, function, 108 

— in physics, defined, 312 ; force, 552 : 

new conception of, 4883 ; unit of 
meagurernent, 422, 428 
Massage specialists, business of, 3730 
Masseter muscle, 57 s 
Massicot, preparation, us<?8, 358, 6988 
Massinger, IMiilip, dramatist, 846 
Masson, paper bleaching tower, 6284, 
6285 

Mast, engine frame, load calculation, 4206 

— of ships, kinds, 5398, 5399 
Master, workhouse, 1928 
Master and servant, law, 6845 
Mastic, appearance, use, 810, 5835 
Mastication, process of, 577, 674 
Mastodon Americanus^ skeleton, plate 

facing 206 .j 

Matchbox, making, 5471 
Matches, manufacture, 362, 5470, 6471 
Matching : see (Grooving 
Mate, 6804, 0805 ; U.X.ll., 6360 
Mat6, Paraguay tea, 4407, 4961 
Materialism. 2010, 0257 ; controverted 
by study of energy. 2004 : in 
modern philosoifiiy, 0465, 6460 ; 
replaced by ** monism,” 6259 ; 
nineteenth century, 0259 ; opiMised 
to idealism, 6487 ; and problems 
of life, 3664 ; and modern ph.vsics, 
J376; and p.syehical phenomena, 
4450 ; psyehieal research and, 
3384 ; refuted by physics, 6537 
Materials and structures, books on, 
2034, 2764, 5595 ; civil engineer’s 
duties, 157 ; of tuigineering, 2107 ; 
stability of structures, 1984, /.9V7, 
2570, 2700 ; cliaructeristic strength, 
210; testing strengths, 210, 1391, 
1517, 1099 

Materials, dressmaking, widths, 186 
Mathematics, actuaries’ books, 4730; 
a.strnnomicul riuiuirenientji, 6243 ; 
InKjks on, 6790 ; <leductive 
science, 6002 ; in early ('hina, 216 ; 
tJalileo's services, 35 ; nature of 
its truths, 28(t0 ; relation to modern 
physics, 36 ; value to shinbuilder, 
5254 ; see also separate branches^ 
c.f 7 .. Algebra, (ieometry 
Matriarchy, theory of, 4825 
Matrix, in concrcle, 332 

— in metallurgy, 2378, 3835 

— in printing, 5556; linotype, 5249^ 

5250 ; making, justifying, 6073 
Matron, hospital, in colonies, 374 ; Poor 
Law, 1929, 1930; i)rison, 3001 ; 
w'orkhouse, 1928 

Matter, in physics, atomic theory, 312 ; 
chemical and physical differences, 
1144; conception, new, 4883; 
corpuscular theory, 2294 ; defini- 
tion, 312 ; dematerialisation, 2395 ; 
divisibility, 1265 ; electrical theory 
of, 2028, 2294, 2395, 2551 ; ele<d,ri- 
cal stimulation, response to, 4561 ; 
electricity, negative, 313 ; elec- 
tricity, relation to, 4105 ; energy, 
relation to, 313 ; ether, relation to, 
935 ; as ethereal vibrahons, 2396 ; 
evolution of, 313; inertia and 
moss, 312, 4104 ; molar and mole- 
cular force, 1144 ; molecular 
motion, 1266 ; nature of, 4021 ; 
properties, 1144, 1265, 1374; the 
states of, 1268 ; " ultimate atom ” 
and modern investigation, 1376 ; 

” ultimate unit ” of, 2395 

— ill philosophy, defining, 1 833, 3287 ; 

mind contrasted M'ith, 2115; 
mind, interaction on, 6538 ; mode 


of energy, 6465 ; philosophic 
controversy, 6264, 6465 
Matter, consejrvatlon of : ace Conserva- 
tion 

— and force, in eiigtnecriiig, 86 

— and form, in poetry, 305 

— living, chemistry : see Vital chemistry 
Mattresses, upholstering, 6715, 6726 
Maxilla, structure, 1604. 1605 
Maxilla;, of crayfish, 3807, 3808 ; cock- 
roach, 3363 

Maximilian, Emperor of Mexico, at- 
tempt to govern, execUfion, 5240 
May, Phil, drawing, 343, 344 ; press 
illustration, 6102, 6104 
Mayer, Prof., experimental atomic, 2295 
May-liy, de.scriplion, 3365, 3366 
Maynooth College, Ireland, 483 
Mead, production trf, 2880 
Meadow, agricultural, cultivation, 1378 : 
see also Pasturage 

— foxtail, description, 875 

— grass, for pasturage, 875, 879 

— saffron, perennial weed, 1378 

— sage, cross-pollination, 730, 732 

— thistle, weed eradication, 1378 
Meal, oil, extraction, 4830 

Meals, children's, 4864 ; invalids, 
serving, 6178 ; rt^ularity and kind, 
3601 ; tourist vocabulary, 1962 
Meander, use in design, 5820, 5821 
Measles, 5409 ; evolution of. immunity 
from, 1030, 6543, 6782 ; symp- 
toms, infer*tion, 5411, 5412; 

symptoms and treatment, 6260 

— in pigs, 2626 

Measurement, quantity surveying, 6500 

— standards, kinds, 4701, 4702 
Measures, bootmakers’, 4015 ; decimal 

system, 1148: see also Weights 
Measuring machines, 688, 4705, 4710 
Measuring scale, use by compositor, 5459 

— tools, classification, description, 4701 
Meiit, boiling, 1485 ; carving, 5935, 

6936 ; choosing, 1227 ; cold. 
U-sing, 1530, 2335 ; cooking, 1736, 
1872, 3313 ; desirability as food, 
360, ;; dietetic value, 3112 ; digesti- 
bility, 866, 3314 ; excessive eating, 
3601, 3705. 6841 : extracts of, 
stiniiitnntH, but vahudess as food, 
3705 ; industry, countries engaged 
in, 5119 ; nutritive value, 3381 ; 
refrigeration, 5404, 5405 ; tinned, 
poisoning, 6408 ; unsound, 1429 ; 
wholesiune and unwholesome, 3717 
Mecca, 2817 ; and Mohammedanism, 
2243, 2244 

Mechanical advantage and disadvan- 
tage, 684 

Mechanical engineering, 83 ; books on, 
5596 ; dictionaries, 5596 ; mate- 
rials and mechanisms, 205, 211 ; 
training, 5592 ; unity of practice, 
5589 : see. also Machine tools, 

Smith’s work, etr- 

— powers, the six, 684 

Mechanics, applied to mechanical con- 
.struction, 411 ; books on, 2764, 
5595 ; fundamental principles of 
machinery, 85; scone of, 314; 
statics, 1833 : see also Machine, 
elementiiry theory, and Motion 
Mechanism, defined, 205 ; materials, 
206, 209; rigidity and elasticity, 
209 ; tests of finished, 3962, 3964 
Medic il officer, qualifications, 82, 320, 
697 

Medical profession as a career, 162, 
5422 ; colonial, 5428 ; London 
poor law appoiiitmentB, 1928 ; 
women’s training, 322 
” Medici Venus ” statue, 2932 
Medicinal barks, kinds, 6067 
Medicine, administration, 6178 ; books 
on, 5424, 5427 ; forensic, books on, 
5424 ; the profession, 5422-5432 
Medicine-man in religions, 6774 
Mediterranean 8ea, currents, 558 ; 
French coast, 1681 ; geography, 
460, 853 ; geological formation, 
1815 ; temperature, 654, 556 ; 

tidelessness, 556 

— countries, economic conditions, 6822 

— peoples, ethnology, 1786, 1790 

— type of land, products, 5660 


Medlar, fniit, 6887 

MeduUa, human, 197, 2144, 1^299 ; 
nerves, 1941 

Medullary rays, 51, 53 ; in stem, 169 

— sheath, of nerves, 1942, 1943 
Meerschaum, 1042, 6740, 6887; use, 4378 
Megaeephalic skulls, defined, 1785 
Meoathe.rium AmerieanHm, skeleton, 

plate facing 2045 

Melancholia, psychologiciil symptoms, 
2119; in ]>essimlMm, 2517 
Melanesians, cranlology, 1786 
Meidola, Prof., on relatimi between 
fatty and aromatic hydrocarbons, 
3708 ; on vitalism, 2710, 2712 
Meliccrta, wiieel-animalcules, 3957 
Melilot, common, weed, 883 
Melinite, manufacture, 6765 
Melodic minor scale, harp music, 3524 
Melody, setting, 631 ; transposition, 
1057 

Melons, culture, 6677 
Melon cactus, 727 

Membranes, of brain, anatomy of, 2144 

— 8emi-pcrmeal)le, 4562 
Membrane- winged insects, 3362 
Menilinc, painter, 3948, 4299 
Memorandum of association, 3185 % 
Memorial, in bookkeeping, origin, 1467 
Memory, Locke’.s definition, 2304 ; 

psychological account, 2259 ; rela- 
tion tc» reason, 2803 ; compared 
with reflection, 2137 ; training of 
2304, 2372 

— drawing, 341 

— images, cxjfiaincd, 22r)0 
Menai Bridge, engineering, 2498 

— Straits, tidal power, 5128 
Mcndeleeff, D. I., on mercury, 1447; 

on periodic law, 40(), 1440 ; petro- 
leum ff)rmatloii, liypotheais, 5915 
Mendel’s law, 1481 ; statement of, 1483 
Mendelssohn, organ compositions, 3866 ; 

“Songs willnmt VNords,” 2023 
Meningitis, symptoms of, 6261 
Meniscus, in burette, 63 
Men’s hats, making, 6154-6375, 6160 
Menservants, duties and wages, 761 
764, 815, 1001 

Mental energy, nature of, 6466 

— work, and jdiysical energy, 6466 

— inertia, observations, 425 
Menu terms, dictionary of, 5937 
Mercantile law, 146, 0751, 6844 

— marine, 0365, 0803 ; entrance to 

>iavy from, 4265 ; service in, 6360 
Mercatdans, properties, products, 3140 
Mercator’s projection, 4514 

— sailing, rules for, 0000 
Mcrccrisjitioii, of cotton, 5038 ; in 

paper-making, 6501 
Mercliant, definition of term, 659 
Merchant bar, in iron working, 232 
Merchant Slupping Act (1894), scope 
and provisions, 6363, 6364 
Merchant Taylor’s ( London) School, 481 
Merchantmen, construction, 5256, 6259 
Mercury 361, 1447, 4307, 6740 ; analy- 
sis, 4414 ; Boyle’s law, 1802, 1804 ; 
eapillarity, 1374 ; distribution, 
3772 ; electrical resist-ance, 672, 
3838 ; electrons in atom, 2295 ; 
in gold and silver extraction, 3836 
5847 ; occurrence, 839, 4307 ; 

physical properties, 1396, 1738, 
3837 ; in silvering mirrors, 4932 ; 
in thermometers, 1564 ; uses, 4932, 
5308 

— planet, 0402, 0702 ; distance from 

sun, 6121, 6250; nebular hypo- 
tliesifi, 620 ; orbit and revolution, 
6121, 0403 \ phases, 6403, 6406 ; 
position in solar system, 11 

— vapour lamps, electric, 2682, 2683 
Meredith, (George, 3555 ; critical work, 

2686 ; on " leasehold ” marriage, 
4537 ; as poet, 1 438 
Meridian, explained, 14, 0115 ; celes- 
tial, 6243. 6244 

— in navigation, 6665 ; calculation, 

6660 ; prime, defined, 6665 

— in surveying, 369, 709 
Meringues, recipe, 2002 
Merino sheep, 70, 72, 221, 1121 
Mermaid’s purses, 3066, 6071 
Merrythought, of bird, 2494 
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Mersey, river, harbour revenue system, 
•6220 ; transporter bridge. 2889 
M^ryoii, C., etching, 6112, 61 U 
Meri, Dr. J. T., “ European Thought in 
XlXtli flentury," 2062, 2563, 3371 
Mesaticephaiic races, 1786 
Mesenteries, of sea-anemone, 4083 
Mesh-grouping of dynamo windings,! 907 
Meshing, by lace l(K)m, 4881 
Mesmer, A., 3363 ; theory of animal 
magnetism, 4449 

Mesmerism, 4449 : gee also Hypiumis 
Mesocephalie races, 1785 
Mesognathous races, 1786 
Mesohippus, fossil horse, 1177 
Mesozoic period, in biology, 1177 

— rocks : see Secondary rocks 
Messa di voce, in singing, 6336 
Messengers, State service, 2252, 2576 
Messina, Antonello da, introduction of 

oil iiainting, 3795 

Metabolism, of human body, 437 ; cell- 
life, 199 ; of protoplasm, 275 
Metacarpal bones, Imman, 1708 

— hand of pig, J8(i9 
Mctaearinis, bones of, .9.9, 1708, 1709 
Metacentre, in hydrostatics, 1080; of 

ship, 800; of ship, calculaiion of 
height, 6971 

Metal, expanded : see Expanded metal 

— road, method of quarrying, 2955 
Metal-work, 4521; art, .5521, 5687; 

Mycemcan Age, 2858 
Metal-working, tools, 4151 
Metallic minerals, list, 3835, 6731 
Metallography, 235, 3037 
Metalloids, in chemistry, 240, 362, 1161 
Metallurgy, 3835 ; books on, 5800, 
5993 ; microscopy in, 3937 ; jjro- 
cesses, classification, 3836 
Metals, 356, 362 ; alloys, 3939 : see also 
Alloys ; in art-metal work. 5523 ; 
boiling out, 5528 ; brittleness, 3839 ; 
bronzing, 6576 ; casting : see Cast- 
ing chemi.stry of, 239 ; cleaning, 
5528, 6573 ; coating and colouring 

f processes, 0571, (1678 \ coloration, 
ustre, and transparency, 3837 ; 
conductivity, 2061, 3839; con- 
traction in cooling, 1397 ; crystal- 
line structure, 4560; definition, 
240: ductility, 5169 ; electrolytic 
deposition, 3421 ; forging, 3839 ; 
furnaces, 2802 : fusibility, 239, 
.3837 ; grain, varieties of, 3839 ; 
hardening, 210; in human body, 
438 ; malleability, 239, ;t838 ; 

microscovuc examination, 3937 ; 
physical properties, 3836 ; jiick- 
llng, 5528. 6578 ; polislung, 6573 ; 
recovery imn'csses, 4303 ; series in 
s]»ectrn, 3618 ; sheet, dimensions, 
.5524 ; slieet iiiaiiufacture, 5524 ; 
sheet rolling, 5622, 5524 : solder- 
ing, 360, 38:t9; strength, 1393, 
1396; structure and fractures, 
3839 ; temperature testing, 3835 ; 
tensile testing luaeliine, OS.'iS ; 
texture problems, 140.5 ; welding, 
3839, 6453 ; working processes, 
6622-5626, 5526 
Metamorphie rocks, 89.8, 1074 
-- system In geology, 530, 535 
Metamorphisiii, in geology, 1074 
— in zoology, butterfly, 3514 
Metaphysics, 6253 ; birth of, in Creece, 
34 ; Haeckel's monism, 6464 
Metatarsus, bones, 1348, 1340, 1709 
Metazoan, in luology, defined, 380 
Meteorites, 6570, 6695, 6090; orbits, 0250 
Me.teortdogy, present scope of the 
science, 19(K1 ; law in, 4882 ; sun- 
spots and, 6252 ; see also Hainfall 
Meter?, electricity, 2812, 2813, 2814 
— river, current, 6110 
— telephonic call, 0079 
— waste water, use, 4337 
Methane, chemistry of, 2713, 2876, 
6817, 6827 ; in mines, 3768 ; 

production. 5758 
Methyl acetanilide, uses, 5460 
— alcohol, wood spirit, production, 
properties, 2877, 5464 ; rectify- 
ing, 5400 

— chloride, 2876 ; action of, 3142 
— theobromine, caffeine equivalent, 400.S 


Methylated spirit, 1035, 2817; manu- 
facture, 5147 

Metre, poetry, 305 ; Chaucer's, 325 ; 
English, 328; Latin, 1766; Words- 
worth’s theory, 1305 
Metre, unit of length, 337, 422, 1148 
Metric system, 337, 501, 1148 : Englisli 
equivalents, 11 18 : table of weights 
And measures. 409 
Metronome, explanation and use, 41 
Metropolitan Asylums Board, consti- 
tution, functions, staff, 320, 1929 
Metropolitan Fire Brigade, 1497 
Metropolitan Police, 320, 140 ; river 
and mounted, 1407 : surgemi, 090 
Metropolitan-District Railways, sig- 
nalling system, 4688 
Metrripolitaii Water Board, 320 
Mexico, coal deposits, 4176, 530.5 : geo- 
graphy, 4061, 4173, 4176: Maxi- 
milian, Emperor, 5240 ; war w’ith 
U.S.A., 5975 

Meynell, Alice, essays, 14:t8, 2785 
Mezereon bark, sfuirce and use, 6068 
Mezza inaiiica, violin, 2411, 2112 
Mezzo-forte, in music, 271 
Mezzo- piano, in music, 271 
M ezzo-soprano clef, 10.59 ; voiee, charac- 
teristics and compass. 0050, 0183 
Mezzotint, engraving, 6114, 6289, 6290 
Mie.a, 1007, 6740 ; in electric condenser, 
3580 ; as electric insulator, 672 

— group, properties, varitMic's, 768 

— schist, .530, 53.5 

Michaelangelo, painting, 3790 ; style 
and works, :i074, :1678 
Microbes : eee Bacteria 
Microccplialie races, 1785 
Micrometer, screw, 688, 855 
Mierouiieleiis, of paraina'cinm, 3<S’i 
Microscopes, kinds and constnielion, 
2902, 6126, 0127 ; fishery, 5J89 , 
mefalhirgical, 235, :i938, 4560 ; 

resolution of, 3227 ; use, in textile 
trades, 820 

Microscopic examination of ftiod, 3893 
Midden, sewerage system, 4457 
Middle term, of syllogism, 0098 
Middlet<»n, T.. play wrighf , 846, 847 
Middlings, <-ntt!e lood, 2704, 29(»8, 

:1892 

— in milling, 3078 

Midland Railway, distinctive mark of 
sheets, 506t* ; goods depot, 5073 
Midnight sun, ai>pearance, 1560 
Midsliipinan, training, pay, 4401, 6365 ; 

R.N.B., qualifications, 6:i66 
Midwifery, student's training, .5424 
Mignard, painter, portraiture, 4118 
Milan, cathedral, 3376, 3376 : as a 
state, 2945 ; tiniring, 947 

— Duchy of, iii(le)»eiidcnt state, 4322 , 

wars for i)oss(‘ssion of, 4396 
Mildews, 166; destruction, 4927 ) 
stains. 2590 

Mile, foreign miles, 1148 ; liiie.ir, 226 ; 
nautical. 6665 

Militarism, and industrialism, 2393, 
5096, .5097 : inimical to society, 
4371 ; decay, 4664; social con- 
ditions under, 5(»95 ; stage in 
social evolution, 2393 
Military baml, iustrunieiits. pitch. 1058 

— engineer, training ami duties. 6265 

— - »‘ngineering, active service. 6265 
' spirit, destnictioif of, 5H10 
Mililiu, eoniniissjons, 4199 

Milk, adulteration, 3716 ; bacteriology 
of, 3273, 3.5:i4, 4t»36 ; analysis, 

4038 ; casein in, 4033 ; in cheese- 
making, 4492 ; chemical classifica- 
tion, 3111 ; coagulation by rennet, 
4489 ; ctxiling and aerating, 4034 : 
condensed and preserved, 3552 ; 
eoHstitiienth, 40:13 ; dietetic value, 
3311 ; digestibility, 860, 3314 ; 
fat in, 40.35, 40.38 ; fermented, 
infant deaths, 35:15 ; lieutiiig, 4571 ; 
as infants’ food, 4081 ; lactic a(*id 
in, 3534, 4782 : nutritive value. 
3381,;1599; pRsteurisation, 1037; 
pasteurised infants' food, 4081 ; us 
lioultry food, 543:1, 5430 : pres(*r- 
vution, :1819, 1037, 5105 : refriger- 
ating, ,5406; sale 2218, :i5,53 ; 
sour, 2336, 3536 : specific grav ity. 


799 ; slerilisatioii, 4036 , 5407 ; test- 
ing, 4034, 4038, 4281 : see also 
Dairy fanning 

— bread, recipe, 3393, 3394 

— cart perambulator, 2832 

— condensed, 4681 ; Swiss, 1839 

— fever, in cattle, 2623 

— glands, of mammals, 30 

— huiimn, dietetic value, 3311 

— humanised, infants’ food, 4681 

— powder, manufacture, 4556 

— skimmed, 4637 

— sugar, 4033; composition, 4035 

— teeth. 576, 578 

Milkv Way, 2949, G700-0702 ; location, 
0117 

Mill, ,7ohn Stuart, compared with Bacon, 
0001 ; on the ether, 935 ; on 
free will, 2995 ; definition of 
matter, 312; on logie, 2081, 
5999 ; “ System of Logic,” 6001 
Mill, in brickmaking, 1282, 1285 

— in eement-grinding, 1734, 1863 

— in metal rolling, 4638, 6622, 552* 

— in milling, 3078, 3082, 3086 

— pug, earthenware, 6102 

— rubber rolling, 6199 

— wire-making, 6108 
Millais. Sir .1. K., painter, 4394 
Millerite, nickel ore, 5982, 6740 
Millepora, coral, 4086. 4087 
Millers, workshop, tests, 3965 
Millet, J. F., painter, 342, 808,4:101 
Millets, cultivation, uses, 4875, 6887 
Milliners, business of, 47, 3739, 4.564 
Millinery, 4564 ; examinations, 6042 ; 

instruction, 3739, .3740 ; renova- 
tion, 60*0; recpiisites, 4565; 
slit dies, 1506 ; w'« mien's training 
and prospects, 322 ; see ahn under 
separate suh}>’ets — ?.g.. Hats 
Milling, ill cloth-innkiug, 4106, 4107 

— floiir, systems and machinery, 3078 

— cutter, compared with slot -mill, 

3403, 3405 ; forms and coiistrue- 
tioii, 4259. 4261 ; uses, 3630. 

4259, .5204 ; machines, forms, 

3320, 3401, 6210; portable, 

6278, 5820 ; screw, 8:15, 3648, 
5280; use, 54 48 

Millipede, description, :i:l61, 3362 
Millstones, cement, 1682, 1734 
Milton, .John, poet, 991, 995 ; “ Areo- 
pagitica,” 1641 ; iufliiencc of works, 
4762; travels, 212 
Mimeography, speed and fees, 1919 
Mimetesite, 5985, 6740 
Mimicry, 2157 ; butterfly, 3616 ; snakes, 
2679 

Mimosa, bark in tanning, 1160 
Mind, action on matter, 6538 ; Berke- 
ley’s idealistic idea of, 6469 ; and 
body, 2014, 6537 ; Bhdiner's 

definition, 6259 ; dual nature of, 
:i2M8 ; elementary forms ol, 3117 ; 
evolution theory of, 1588, 1705, 
3119; fallibility, 6537; kinetic 
tlieory, 2115 ; and matte.r, pliysi«>- 
logieal account, 198 ; nature of, 
6466 ; necessity of rest, 3183 ; 
parallelism with brain and matter. 
6538 ; psychological iiroblems, 
2014; jisychology of; see Psy- 
chology ; psyclio-pliysieal interac- 
tion, 6536, 6537, 65:18 ; relation 
to brain, 6535, 6536 ; siicciilations 
concerning, 6465 ; subconscious 
element in, 3183 
Miner’s actinomyeosis, 3768 
Mineral deposits, proving, 2.582 

— glue, 4931 
-- oils, 1033 

— tralfic, railway, 5068 

— waters, dietetic value, ; 

domestic and automatic aeration, 
6393. 0394 ; manufacture, 0391 
Mineralogy, 765, 6730 ; books on, 2256 
Minerals, characters, tables of, 6731- 
6745 ; chemical elements, 624 ; 
crystal systems, 765, 6370 ; defini- 
tion in respect of shape, 275 ; 
distribution, 3771 ; dyes, 6766 ; in 
earth’s crust, 765 ; general eharae- 
t eristics as opposed to animals and 
plants, 275 ; geological definition, 
624 ; mining of, 3304-3310 : see 

6969 
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Min— Mot 


aUo Mining: ; rock-forminst, 765 ; 
tablet) of, 6371 ; weatherin(e, 3771 
Mines, accidents in boring, 2846 ; 
Home Office inspectorships, 330U ; 
lighting, 3769 ; machinery, 960, 
^7(i ^ ; plan and action, 3306, 
; sinking, 2190 \ surface 
works, 3766 ; surveying, 159, 803 ; 
ventilation, 3767, 6356 

— in military engineering, 6273 
Miniature painting, 1061, 1002, J0S3 
Mining, 2846, 3304 ; adits and day 

levels, 3192 t aided by faiilta, 1925 ; 
books on, 3772 ; boring, 2582 ; 
development, 2375 ; dictionary of, 
2588 ; plant, 3766 ; prospecting, 
2581 ; quarrying, 2955, 2960 ; 

shaft -sinking, 3193, 3457-3402 ; 

surveying, 159, 803 ; terraced 

workings, 2849, 2850 ; under- 

ground working, 3190 ; vein 
mining, 3192 

— stocks, cautions as to, 3484 
Minium, 1036, 5832, 6988, 6740 
Mink, skins and fur, 6427, 6430 
Minor, in tonic sol-fa notation, 024 

— chords, 363 ; in setting melodies, 631 

— premise, and term of syllogism, 6098 

— scale, in music, 272 ; chords, 364 
.MinorcA fowls, breeding, 4858, 4956 
Mint, 354, 909, 66 r5 

Mints, London and branch, 5851 
Minuet, guitar, 3703 ; sonata, 634 
Minute, in architecture, 2135 

— in physic, geography, 14 

— in time measurement, 226 

— in trigonometry, 6085 
Miocene system, 2067 ; rocks, 2254 
Miohippus, fossil horse, 1177, 1178 
Miracles, bath theory, 3652 
Mirage, explanation of, 2734 
Mirbane, essence of, 5468 

— oil of, 4971 

Mirrors, 2901 ; silvering, 361, 4932 
Misfit, in tailoring, 3014, 3015 
Mispickel, 1162, 6740 
Mississippi, river, 4061 ; current move- 
ment, 1816 : deepening, 5333 
Mist, deftnition, 1900 
Mistletoe, description, 505, 500 
Mistral, effect on agriculture, 4495 
Mitafifl, cotton, 383, 384, 386 
Mites, kinds, habits, 3804, 3805 ; para- 
site of red ant, 3727 
Mltis castings, 235, 5992 
Mitral valve, 955, 950, 957 
Mitre, In vehicle construction, 2833 ; 

— block, 3380; in joinery, 4112; 

E lumbers, 5629, 5630 ; in sawing- 
oards, 3754, 3755 

— box, 3386 ; bamboo, 5725 ; in 
joinery, 4112, 4113 
— shoot, in joinery, 4112, 4113 
Mitring, in cornice work, 5501 
— tools, plasterer's, 5496, 5497 
Mixer, in brick-making niaclunery, 
1282 

-biscuit-making, 3593, 3594 
— metal, steel manufacture, 5017 
Mixing, in cement manufacture, 1583, 
1855 

— in paint-making, 5143. 5147 . 

Mixing-box of paper machine, 0300 
Mixture, in chemistry, 692 
Mizzen-mast, of sailing-ship, 5399 
Mnemonics, defects and dangers, 2304, 
2372 

— in telegraphy, 4606, 4902, 5242 
Moa, description. 2214 
Moabites, David s conquest, 666 
Mocking-bird, classiflcatioii, 2210 
Mode, in tonic sol-fa notation, 923 
Modelling in clay, 1216, 1345, 5980 
Model drawing : nee 0!)ject drawing 
Models, in sculpture, engagement, 1512 
“ Modern Comineree,” picture by 
IJrangwyn, plate facing 4657 
Modification, acquired characters, 485 
Modified vowels, in German, 252 
Modulation, in music, 568, 922 
Modulator, In tonic sol-fa, 806, 923 
Module, ill architecture, 2135 
Modulus, in engineering, 86, 3964 
— of elasticity and rupture : 

Elasticity and Buptiiro 
Mohair sheep, wool, 71, 72 


Mohammed T., of Granada, 2946 

— the Prophet, history of, 2243, 2353 
Mohammedanism, in Africa, 3279 ; 

and art, 3092 ; distribution, 629 ; 
compared with Hinduism, 419; 
influence in Middle Ages, 2354 ; 
teaching, 2243, 2244 
Mohammedans, art, 3092 ; invasion 
of India by, 418 
Mohr’s Burette, 52. 63 
Moissan, H., electric furnace, 3031 ; 

fluorine researches, 1 444 
Moisture, measurement, 4414 
Molar teeth, human, 570, 578, 1605 
Molar force, in physics, 1144 
Molasses, 3831, 4116, 4353, 4164 
Mole, 1765, 1870, 1871 ; development 
of digging claws, 1871 ; skin and 
fur, 6427 

Mole-cricket, plate facing 3361, 3364 
Molecular attraction, 1144, 1269; com- 
bination law', 695 ; motion, 1266 ; 
w'eight, 402, 694 

Molecule, 134, 695; Avogadro’s law, 
096, 1914 ; dissolution, 4098 ; 

mean free path. 1267 ; motion, 
1266; structural formuiap, 2714 
Moleakin.s, flnisliiiig prcKJesses, 4.342 
Mollusca, bivalves, JJI i-.^llO, 3284- 
3280 ; characters, 1 492 ; geological 
agents, 1814 

Molluscoida, characters, 1492 
Mollweide, equal-area projection, 4520 
Molybdenum, distribution, 3772 ; 

effect on steel, 4748 
Moment, in mechanics, 415, 661 ; of a 
plane, formula, 5969 

— bending of beams, 1984, 1987, 2197 

— of buoyancy, ships, 5970 

— of force, 1834 

— of inertia, of beams, 1985, 1987 

— of resistance, of beams, 1 984 

— of volumes, calculation, 5970 
Momentum, in physics, 551 
Monarchy, nnprogressive form of 

goveniment , 5533 
Monazite chardcters, 2581, 0740 
Mond gas, 6818, 6828, 6785; nickel 
process, 4306, 5982 
Aloiict, C'luude, painter, 4302 
Money, standard and token, 3969 ; 
Komun scale, 1333 ; saving, 3225 ; 
English, 226 ; in travelling, 515 
Mongoloid races, ethnohnf.v, 1789 
Mongols, craniology, 1785 ; distribu- 
tion, 027, 629; early civilisation, 
215, 218 ; at Delhi, 418 
Moni.‘<m, 6259, 6464 ; supported ]>y 
psycho-physical parallelism, 6538 
Monkey, 1763; climbing, 1870 ; fur 
and skin, 6427 

— driving t(»oI, in mining, 2067, 2609 

— in pile driving, 1558, 1453, 4642 

" Monna Lisa,” Da Vinci’s picture, 
3796, 3797 

Monochord, principles of, 2104, 2105 
Monoclinic system of crystals, 766, 6730 
Monot^ffyledon, 350, 355 
Monogamy, effect on infantile mor- 
tality, 4537 ; factor in social evolu- 
tion, 3871 ; influence on cliaracter, 
4537 ; importance to rare, 4539 
Monolith paving, laying, 2426 
Monotheism, religion, 6773 
Monotony, psychological and socio- 
logical problems, 2548 
Monotreniata, 1765 ; species, 1494 
Monotype composing machine, 5251 
Monsoon, 294, 296 ; bursting of, 2715 ; 
influence on rainfall, 2818 

— lands, economic conditions, 5380 
Monsters, extinct, plate facing 2065 
Month, lunar and sidereal, 6121 
Months, in Koinan calendar, 1192 ; 

•Spanish names, 2041, 3792 
Montreal, 4068, 4520 ; touring, 1650 
Mood, in grammar, English, 116, 608, 
755 ; I’reuch, 3211, 3353 ; German, 
3502 

Moon, 6564-6567 ; compared with sun, 
6250 ; declination, 6664 ; eclipse, 
11 ; evolution of, 621 ; Galileo’s 
study of, 2949 ; heat," radiation, 
2060; motions, 6121, 6243; tidal 
friction, 620 ; and tides, 555, 656. 
1017 ; volcanoes in, 120Q 


Moonwort. structure, 1118 
Moorish art, 1132, 3092 
Moors, history and origin, 215 ; in 
Spain, 2946, 4396 
Moraine, 459, 1030 
Moral ideas, Westerinarck on. 4124 
Morality, sociology, 4121, 4275, 4277 ; 

relation of reiigiGm, 6773 
Morality plays, account of, 678 
Moray, James Stuart, Karl of, rebellion 
against Mary, 3997, 3998 
Mordant, definition, 1721 ; in dyeing, 
5779 ; in textile printing, 4501 ; 
varieties, 5779 

— colours and dyes, 5956 
Mordentc, in singing, 0330 

— in violin playing, 2508, 2509 
More, Sir Thomas, author, 1609 ; poet, 

328 ; political career, 3832 
Morocco, geography, 3279, 5822 

— leather, finishing, 3456 ; grain, 

plate facing 3217 

Morphine, 3824, 4000, 4960 ; poisoning 
antidote, 1043 

Morphinomania, psychological pheno- 
mena, ' 2993 ; sym])toms and 
treatment, 4006 

Morphology, scope, 95 136, 278 
Morris, William, poet, 1438 
Morris decoration, criticised, 6103 
Morse code system, 4382 

— telegraph sounder, 4904 
Mortality tables, graduation, 4731 
Mortar, in brickwork, 1952, 1953 ; 

composition and mnniifncture, 
648, 649, 1952 ; disintegration, 

1502; preparation, 1458, 1952; 
strength, 1521 

— board, use, 1953 

— mill, 047 

Mortgage, bond, security, 4294 ; con- 
ditions of sound investment, 3225 ; 
debentures, 3330; vahiation, 5151 
Mortise chisel, 3386, 3387, 4040, 4150, 
4151 

— and tenon joint, 1176, 4039, 4041, 

4044, 518()-5Jyrf, 5294, 6585 ; in 
fences, 4046 

— saw, 3385, 3387 
Mortising machines, 6754, €755 
Mosaic, Jiyzantinc, 3091 ; Greek, 2931 
Mosaic gold, composition, 3940 

— law', moral rode, 665 

— leaf, 171, 173, 505, 500 

— in paving, 646, 2516, 5776 
Moscow, geography, 2408 ; Napoleon’s 

capture, 5238 
Moses, history of, 665 
Mosque, archltectJire, 3092 
Mosquib>CH, 5721 ; agent in dissenJ- 
nating disease, 203, 4089 
Mosses, in classification, 1G5 ; colonies, 
1368; as farni weed, 1378 ; 
structure, generation, etc., 1311 
Moss-polypes, cli^scription, 3956, 3958 
Moss-spores, 1312 

Moths, 3362, 3512. 3510: colour in 
courtship, 3516 ; distinguished 
from butterflies, 3614 ; eggs, 3513, 
3514 ; as pollen carriers, 731 
Mothcr-of-pearl, carving, 6300 ; dyeing, 
6769 ; sources, .5308 
Motherhood, importance to race, 4667, 
4828 ; legal protection of, 4976 
Motion, amicboid, 954 

— in harmony, 365 

— laws of, 424, 549, 920; Galileo’i 

and NcwU)n’.s rontributions, 3536 

— perpetual, priueii)lc of, 2062 

— ill physics, 86, 290, 315, 422, 046, 

1833 

— planetary, 662 

— in psychology, 2115 

Motive, in relation to will, 2994 
Motor, electric, 949, 1304, 1590; 

alternating, 1695 ; back-voltage, 
1593 ; continuous, 1590 ; con- 
struction, 1592, 4296 ; Faraday’s 
Invention, 329 ; induction, 1909 ; 
portable, 5448. 5449 ; single- 

phase, reversal, 2089 ; three- 
phase, 1907, 1908, 2089, 2090 ; 
railway, 2087, 2088 ; series, 1594, 
1931 ; shunt and series w’ound, 
1594, 1931 ; starter, automatic, 
1694 ; tramway, 1931 
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Motor-bicycle* 2153, 2463; trade in, 
387S 

Motor-"buB, 2273, 4187 ; Btriictnre, 
2463, 3904 

Motor-car, 2557, 3903 ; baHket, 5663, 
5504 ’ ch&BRlB dimciiHioiis, 2557 ; 
claBBiflcatioii, 2463, 2465 ; com- 

mercial traveller’s use, 3904, 6212 ; 
cmlxsllishment, 3900 ; petrol rail, 
4801, 4812 ; paBsenger road, 4802, 
4812 ; pneumatic power, 5356 ; 
Bt^m rail, 4801, 4810 

— dealerH, businesa of, 3878 

— fishing boata, 4989 

— aorvcH, human, 1943, 2117, 2143, 

2302 


— traction, 5078, 5079 

— spirit, production, 0147 

Motor vehiclefi, 2153, 2728, 3023 ; 

brakes, 3128 ; metal-w'ork, 3325 ; 
painting, 3479 

Mottled soap, manufacture, use, 4904 
Moufflon, skins and fur^ 6427, 6430 
Mould, brick, 1950, 1951, 2782 

— cheese : nee l*onicilliiim glauciim 

— eheescmaking, 4572, 4574 

— on food, cause, 5403 

— gelatin, in sculpture, 1509, 1673 

— plaster, pottery mamifaetiire, 52S4 

— sand, in casting art metal, 5520 

— terra-cotta, 5777 
Moulder, carvers’, 5809, 5810 
Moulders’ tools, forms and uses, 4585 


Moulding, casting, 2109, 2237, 2457 ; 
dictionary of terms, 2545 ; iitnchine, 
2540, 2543 ; pattern eonstruction, 
2453 ; tool«, 2457 : see also 
Casting and Founding 

— architectural (tireek). 5980; draw- 

ings, 5092, 5698; functions of, 
2129, 2288 

— in joinery, 4111, 5180, 5181, 5297 

— machines, 2540, 2541, 0055, 6656 

— in masonry, 3037, 3039 ; Stopped, 

2784 ; string courses, 2260 ; 
underside, 2837 ; frf vaulting ribs, 
3145, 3147 

— Bomaii and (freek 2507, 2569 


— tools, definition, 4149 

— wood-earving, 6136 

Moulding-b<»x, 2110, 2541, 5319 ; 

types, coustruetioii, 2097 

— cutters, 902 

Moulds, eharacteristics, 106 
Mound builder, 2212 ; non -si tiers, 2500 
Mountain, atmospheric temperature, 
294 ; syst<*nis, 851, 855 

— ehains, elevation, suhsideuee, 1922 
Mountains, 458, 4495 ; harriers of, 

effect on rainfall, 296, 298, 4495 ; 
erosion, 458 ; geological formation, 
1355, 1922 ; highest, compared 
with deepest sea, 12 ; UT)Iieaval, 
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Mounted police, duties, 1107 
Moust'bird, classifieatioii, 2211 
Mouth, human, digestion in, 673, 074 ; 

modelling, 1511 ; structure, 570 
Mouth])iece of cornet, 5441 

— of trumpet, 5437 
Movement, in musical form, 634 

— in art work, rejjresenting, 5522 
Mow'ing, methods, 1629 ; machine, 1848 
Mozart, sonatas, 034 

Mucous membrane, 675, 070 
Mud, deposition, 1814 

— fever, in horses, 2021 

Mnd fish, resprratitui, 3067, 3070 
Mud lava, formation, 1207 
Mudge, (J. P., on bathmic theory of 
evolution, 053 ; on hydra, 382 ; 
on evolution of horse, 1177 ; 
on laws of chance, 650, 651 
Mudguards, of motor vehicles, 8325 
Muffle furnace, 357, 359, 3942 ; assay- 
ing, 5849, 5850 ; enamelling, 0575 
Muffs, fancy, 5775 ; fur, making, 6435 
Mulberry, 355, 6888 ; uses, distribu- 
tion, 4876 

Mulberry, silk moth, 582 

Mule, labour in construction, 6681 

— spinning, cotton, 2441, 2442 ; doub- 

ling threads. 2594 ; wool, 2444 
Mullein, description, 361, 354 
Muller, painters’, 4147, 5829, 5830 
Mulling, in millinery, 4767, 4769 


Mullion, 5185, 5180 ; terra cotta, 
2781, 2783 

Multinomial, in algebra, 1818 ; square 
of, 21.50: square root, 3411, 3412 
Multi)>ie pro))ortious, in chemistry, 095 

— tools, advantages of, 3322 
Multiplication, in algebra, 1993 ; in 

arithmetic, 90, 93 ; compound, 
229 ; of fractions, 548 ; of recur- 
ring decimals, 885 ; table, 90 
Multipolar nerve cell, definition, 1942 
Multitubular boilers, 6876, 6877 
Mumps, treatment, 0261 
Municipal civil service, 80, 310; ad- 
vice to candidates, salaries, ex-; 
aminations, 451 ; analysts, 780 ’ 
asylum officials, 1496 ; baths and 
washhouses, 1496 ; chemists, 780 ; 
clerkships, 1214 ; colonial, 3741 ; 
(‘oroncr, 1495 ; draughtsmen, 1214 ; 
education department, 1677; elec- 
trical, water and gas engineers, 
573 ; engineers and surveyors, 
452, 573 : hallkeepers, 1498 ; junior 
clerks, 1213 ; niunici])al treasurer, 
1007; parks and gardens, 1400; 
liollce, 1400 ; pfK)r law* officials, 
1851, 1926 ; public libraries, 1405, 
(t873 ; salary system, 2158 ; w'ater 
inspciidors, 14t>8 ; town clerk, 989 ; 
weights and measures inspector, 
787 ; women tyjiists, 1215 : see also 
London County Council 
Municipal trading, 80, 317. 1007 
Muntz metal, 300, 1390, 3940 
Mural decoration, Assyrian, 2658 ; 
fresco, 1024 ; history of wallpaper, 
1108; Pompeian Irescoes, 2933 
Muriatic acid : see Hydrochloric acid 
Murillo, painter, 4120 
Muscle, human, changes accompany- 
ing psychic phenomena, 2694 ; 
<theniictil composition, 1712 ; <n>n- 
tractibility, 1711 ; co-ordination 
in simplest movement, 2120; 
leverage, 1797 ; reflex action in 
psychology, 2117 ; striped and 
unstrijK'd, 950 ; varieties, struc- 
ture, 1349, 1710 

Muscovite, mica, uses, 708, 812, 6740 
Muscovy duck, points, 5700 
Muscular sensation, importance, 2118 

— tissue, of liumaii body, 190 
Museums, state appointments, 3302 
MuslinKmi, 160, 6888; with buttered 

eggs, recipe, 2331 ; culture. 0074 ; 
curried, recipe, 2120 : growth and 
structure, 1371 

— coral, 4084 

Music, 37, 270; abbreviations and 
rests, 513! ; and np]»lied mathe- 
matics, 2103 ; classics, prices, 2024 ; 
copying hand parts, 5134. 5891 ; 
dictionary of terms, 4J ; examina- 
tions and diplomas, 2025 ; as a 
profession. 163 ; reading, 274, 
2024 ; salon, composer recom- 
mended, 2023 ; sheet , sale ol, 
3881 ; teaehers’ guides, 2023 

— dealers, business of, 3879-3883 
Miisieal forms, 034 

— instrument makers, business, 3879 

— instruments, brass, 5720 ; brass, 

acoustical i>rnperties, 5444 ; manu- 
facture, 0621, 0704-67J4 ; or- 

chestral, elasHifi<aitioii, 5720, 5733 ; 
sale of, 3881 ; stringed, 5726 ; 
transposing and non-transposing. 
1000, 5728 ; wood-wind, 5720, 5728 
Musicians, touring engagements, 0807 
Musk, 4971 ; artificial, 4971, 5469 

— beetle, description, 3512 

Muslin, design, 5980, 0593; washing, 
2088 

Musquash, skins and fur, 0427, 0430 
Mussel. 3113, 3284, 3285 

— edible, fixture, 3285 
Mussel-shrimp, description, 3809 
Must, of grapes, fermentation, 0355 
Mustard, adulteration, 3718, 5581 ; 

cultivation, 1198, 4721 ; proper- 
ties, 4717 

— and cress, classification, 352 

— hedge, 882 

— oil, composition, 5469 
Mutation, f)e Vries* theory, 1181 


Mutilation, in law of heredity, 1580 
Mutt(m, carving, 5935, 5030 ; choice 
of, 1228, 3717; cooking, 1730; 
dietetic value, 3112, 3599 ; digesti- 
bility, 3314 ; exporting countries, 
5119 ; fattening, 2309 
Mycelium, in cheese, curd, 4492; in 
white mouhl, 1372 

Mycfua*, ancient dome structure, 3140 ; 
arehnmiogieal remains, 1520 ; Lions 
gate, 2857, 2858 

Myeodenna aceti, action, 3021, 4719 
Mycorrhiza, functions, 503, 505 
Myers, F. W. II., personality theory, 
3287, 3382 ; on spiritual evolu- 
tion, 3h65 : on subliminal self, 
3183; on want of study of the soul, 
3025 ; on ghostly phenomcMM, 
3625 ; on the term ” telepathy,” 
3001 

Myopia, 3179, 4802 ; cause and correc- 
tion, 0204 ; testing for, 4143 
Myrtle, 353 ; wax, 1933, 4835 

N-RAY8, alleged discovery, 3181, 3943 
characteristics, 3943 
NolxMudos, ilabylouiaii Sovereign, 29 
Nails, in car^tentry, 3543, 3540; ir. 
furuiture-muking, 6581, 0584, 0591 ; 
in jointing woodwtuk. 3.S43, 3845 ; 
in pliiinbiiig, 5039 ; in roof slating. 
4808; wire, mamifact lire, 5173 

— human, strnetiire. 1419 
Nail-brush boards, filling, 6110 
Nail-head, in geometrical drawing. 
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Nantes, edict of, confirmed by Henry 
IV., 5119; purpose, 4320 ; revoca- 
tion, economic effect, 1025 
Nantille, lake, S. Wales, 1277 
Nantwich, industry, 1272 ; salt, 708 
Naphtha, iirodiictioii, uses, 1104, 5402, 
0150 

‘ — deodorised : see, IJenzoliue 
Naphthalene, 3824, 5463, 5953 
Napier’s diagram, use, 0004 
Naples, earliest history as a State, £015 ; 
iiiilepeiideiit, 4322 

Naples, Huy of, geological liistory, 1353 
Naples yellow, pigment, 871, 5144 
Napoleon Ilonaparte, life and career, 
5238 ; aids Irish rebellion, 5073 ; 
Speiieer’s opinion of, 4121 
Napoleon, Jingeue Louis, 5240 
Napoleon. Louis (IIL), ean‘er, 5239*. 

Fruneo-Prnssian war, 0445 
N'an issns : xcc Itaffodil 
Narcotic i»oisoning, cause of, 1303 
Narcotics, abuse, 5072 
Nares. human, sense of smell, 2536 
Narwhal, elongated incisor, 2150 ; 
ivory from, 811 

Nasal bone, human, 1004, 1605, 2144 
Nasal index, explained, 1780 
Nasal cavities, function in singing, 604;i 
Nascent elements, in chemistry, 093 
Nasmyth’s membrane, 577 
Nasturtium, 353 ; leaves, 5581 
Natal, eeononiie conditions, 5060; geo- 
graphy, 3580 ; police, conditions 
ami wages, 3550 ; rainfall, 3580 
National Assembly, French, 5112 
Nativ)ual civil service : see Civil Service. 

and separate headings 
National Debt, Hritish, basis of, 1202; 

establishment, 4843 
Natural, in music, 38 
Natural history, dictionary of, 174 ; 
scope and problems, 0 ; see also 
Hio.ogy, Ho; any, Geology, Zcadogy 

— philosophy, 33 ; see also Physics 

— scale, in music, 272 

Natural selection, law, applied to atom, 
2295 ; civilisation, effect of, 1029 ; 
Darwin’s theory, 823 ; Darwin’s 
and Reid’s theories compared, 
1180; illustrative of the law of 
progress, 5380 ; and infection ami 
tminiinity, 1029 ; law of, 5380 ; 
applied to human race, 4826 ; in 
mind development, 3119 ; applica- 
tion to radium, 2030 ; in social 
evolution, 3872 ; see cdso Evolu- 
tion 

Naturalism, Gothic sculpture, 3517 
Naturalists, business of, 4055 

6971 
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Nature, continuity of, 2564 ; energy, 
economy of, 277 ; logical Intcr- 
pretetion. Bacon's induction, 599» ; 
orderliness and Intelligibility, 2553 ; 
laws, generalisations, «000; phe- 
nomena, relations of, 6253 ; prob- 
lems and philosophy, 6 ; study 
by artist, 5522; uniformity, 
assum]>tiou of, 6001 
Nature-worsliip, 6772 
Nautical alnmnac, astronomical tablt^s, 
6243 ; in navigation, 6658 ; in sur- 
veying, 709 

— instruments, 6658, 6664 

— rules, 6659 

— terms, dictionary of, 6413 
Nautilus, pearly, shell, ^11 16 

Naval officers, training and pay, 4400 
Nave, in architecture, vaulting of, 3231 
Navicular disease, in horses, 2621 
Navigation, 0658 ; dietinimry, 6065 ; 

training of offii*ers, 4401 
Navvy, machine, steam, electric, 1S22 
Navy, Britisli, Admiralty appoint- 
ments, 3195 ; assistant clerk- 
ships, 3106 ; bandsmen, 4269 ; 
branches of the Service, 4401 ; os 
a career, 163, 712 ; Civil Service 
posts, 2575 ; entrance, 4265, 5427 ; 
medical service, 5427 ; officers* 
career, 4400. 4402 ; It.N.R., 6366 
Neap tide, cause of, 556 
Nebuchadnezzar, life, 18, 600, 667 
Nebulu), 6699, 6700 

Nebular hypothesis, 620, 1923, 6701; 

I... Aor.A 

Ne 

Ne 

Ne, , „ - 

Necio‘'is, t>oxin action, 6544 
Nectar, in botany, 347, 348,. 720, 
731 ; of Christinas rose, itlafe 
facit^ 728 ; insects, 731 ; pro- 
tection from insects, etc., 1115 
Needle, dressmaking, 185, 3093 ; manu- 
facture, 6172 ; milliner’s, 4505 

— of knitting frame, 4621, 4022 

— lace l(K>ra, 4079 

— system, in telegraphy, 4(f03, 4904 
Needle-shedding fungus, pest. 4928 
Needlework, accessories, 185, 187 ; 

plain, 160, 3093 ; for women, 323 
Negative, Esperanto, 4800 ; French, 
1476, 6088; Cerman, 3502 ; in 
Greek, 6669 ; Italian, 2046 

— electricity, defined, 288 

— phott), 6679 ; in photo reprc*duction, 

6481-0484 

— quantity, in algebra, 1819 
Negrcxrs, distribution, 627, 029, 3279 ; 

ethnology, 1789 ; us labourers, 
0630 ; skull measurement, 1785 ; 
thumb of, 4310 

Ncmatine worms, 3072, 3956, 3900 
Neo-Darwinisiu, compared uith Lam- 
arckian Uieorj', 825 
Neolithic Age, Implements of, 1076 ; 

condition of man, 2255 
Neon, discovery, 401, 1296 ; in 

periodic system, 1446 
Neptune, temple at Pajslum, 2659 

— planet, 6250, 6509 ; discovery, 552, 

6097 ; and nebular hypothesis, 
020, 6701 ; orbit and revoljition, 
6121 ; position in solar system. It 
Nernst electric lamp, 2682, 2683, 
2684 

Nero, Emperor of Borne, 1937 
Ncroli, artificial perfume, 4971, 5469 
Nerve cells, anatomy, 1942, 1943 ; in- 
divisibility of, 3118 

— currents, physiological account, 1943 

— deafness, cause, 21 0.3 

— diseases, organic, functional, 6261 

— fibre, anatomy, 1941, 1942 

— impulse, electrolytic theory, 4699 
— , motor, paralysis by alkaloids, 3825 

— spinal, 2148, 2302 

Nerves, human, 1747, 1941 ; brain, 
2147 : centripetal and centrifugal, 
2117 ; toxin action on, 6544 
Nervous debility, causes, 6261, 6263 

— system, human, 101, 197, 1941 ; 

brain Uie centre, 29 ; control by 
wIU, 5841 ; effect of alcohol, 3377 ; 
preservation and expenditure at 


force, 3048 ; functions, 2299 j 
psychological study, 2116 ; and 
instinct and emotions, 2694 
Nervous temperament, value, 6263 

— tissue, human, 196 

Nesfield's process, purification, water, 
4158 

Nest, ant's, 3726 ; birds, plaies follow- 
iruj 249rt, 2606 ; water spider, 3804 
Net, of balloon, 3978, 3979 

— in drawing, kinds, 2320 

— in fishing, 4989, 4990, 5184 

— joining, 5621 

— in luremaking, 4879, 4881 

Net profit, compared with gross, 2271 
N etlierlands, history, 2948, 4397, 4951, 
5554, 6304 ; trade, 5664, 5825 
Nettle, 345; farm weed, 1378 ; fertilisa- 
tion, 729 ; fibres, 720, 817 
Net-wiiigcd insects, 3362, 3364 
Neural tube, anatomy, 30, 101 
Neuralgia, remedy, 5469 
NcMirasthenia, 6203 
Neiirites, cause, treatment, 6261 
Neuroglia, in anatomy, 1942, 2143, 
2147 

Neuron, injury to. 2994 
Neuroptera : see Net-winged insects 
Neuter verb, 608 

Neutral axis, beams, 1258, 1084, 1987 

— equilibrium, in meclianics, 661, 1080 
Neutralising, in tanning, 3162 

N6v^ (firm), cause, 1636 
New Galedoiiia, geography, 3902 ; nasal 
index, 1786; the Papuans, 1788 


English, 5975 ; cotton export, 4174 
New Soutli Wales, agricultural pro- 
ducts, 3238. 3701 ; economic con- 
ditions, 3238, 5660 ; geography, 
3700, 3701 ; gold discovery, 0552 ; 
wool industry, 3237 
New World, continents and o<‘eans, 460 
New York, foundation, 5344 ; port, 
4172; touring, description, 393, 
1648 

New Zealand, clerical service, restrir- 
tion, ;1548 ; climate, 3466 ; coal, 
3902, 5661 ; commercial oppor- 
tunities, 6212 ; economic condi- 
1 ions, 5661 ; farming, 3466 ; flax 
industry, 817 ; geography, 3900, 
3901 ; land purchase laws, 3467 ; 
Maories (g.v.), 1789 ; teachers in, 
3741 ; trees, 626 ; wool, 224, 3237 

flax ; see Phormium 

pine, wo(h1, 55 

Newel, in building, 3241, 3243, 3244 

— post, of staircase, 5300, 6301 
Newfoundland, fisheries, 4172 ; geo- 

graydiy, 4069 

Ncwlauds, J., relation of elements, 401 
News, in jounialisiii, treatment, 4233 

— paper, manufacture, 6396, 6398, 6401 

— in telegraphy, classification and di.s- 

tribution, 4669 ; wires, 4605, 4669 
Newsagents, business of, 1098, 4057 
Newspaper, character of headings, 4233 ; 
contrast between dull and bright, 
4232; criticism by journalist, 
,3975 ; effect on output of b(K>ks, 
2686 ; ideal, 4429 ; ideas for copy, 
4672 ; outside contributions, 3975 ; 
power and function, 3810 ; organ- 
isation of office, 4232 ; reporter’s 
work, 4190 ; salaries of staff, 4431 

— cuttings, treatment by journalist, 

4816 

— I)rinting machines, 6567, 5869-5871 : 

see also Printing 
Newsvendor, stock-in trade, 45 
Newton, Sir Isaac, conservation of 
energy, 2062 ; gravitation, 662, 
938, 6242 ; inductive logic, 6002 ; 
laws of motion, 924 ; spectroscopy 
experiments, 3370 ; theory of 
light, 035, 2481 

Newt-on’s laws ; see Motion, laws of 

— rings, 3367 

Niagara Falls, 1033, 40fi3 ; power- 
schemes, 1573, 5012, 5586, 5679 
Nibs, roofing, 4870 
Nicholson’s hydrometer 


Nickel, 1044, 4305, 5081 ; alloys, 3040, 
5983 ; in art work, 5524 ; books on, 
5993 ; impurities, 5983 ; magnet- 
ism, 551, 6981 ; occurrence, 839, 
3043, 3772, 5981 ; ores, 4305, 5981 ; 
properties, 1396, 3837, 3839, 5981 ; 
reduction proeessts, 4306, 6982, 
5983 ; solder for, 6523 ; in steels, 
4747, 6983 ; strength, 1396, 6981 ; 
uses, 360, 5981 

— carbonyl, formation, 5982 

— plating, 3422, 6578 

— silver : see German silver 

— steel alloys, manufacture, properties, 

strength, uses, 234, 1044, 5983 
Nicker chisel, 4151, 4162 
Nicking, in mining, 8560 ; die, 2989, 
2992 

Nicol prism, construction, 3849, 3850 
Nicotine, alkaloid, 3825 ; properties, 
4010 

Niello engraving, 5529 
Niger, river, 3452, 3453 
Nigeria, government, 3278; resources, 
3454 

Night, cause of, 11 
Night-soil, as manure, 590 
“ Night Watch,” Jlembrandt’s, 724 
Nightdress, making, 3476, 3688 ; girl’s, 
4472; infants'. 3744, 3746, 3584 . 
layett-e, 3744 ; young child’s, 4060 
Nightingale, classification, 2210 
Nightshade, black-berried, 883 

— deadly, 354 ; tropine from, 4009 
Nihilism, Aussian, 6301 


Nilgherry nettle, fibre from, 819 
Nineveh, 500 ; bronzes, 6161 ; Cyax- 
ares’ conquest of, 502 ; reliefs from, 
2657, 2669 

Ninth, discord of. in harmony, 361, 506 
Niobe, statue by Scopos, 2929 
Nippers, dental, (5027, 6028', metal- 
worker’s, 6521 ; mason’s, 2837, 
2840 ; millinery wire, 4564, 4565 
Nirvtiim, in Buddhism, 417 
Nitrates, distribution, 3772 ; exhaus- 
tion of supply, 238 ; food supply 
of plants, 504, 1599 
Nitrating plant, 6759, 6761 
Nitre: Saltpetre 

Nitric acid, chemistry of, 1718 ; electric 
formation, 3032 ; effect on iron, 
231 ; manufacture, 4633, 5760 ; 
salts, 5588 ; spiuiific gravity, uses, 
4633; tests, 4411, 5.588 

— ether; see Ethyl nitrate 

— oxide, 60 ; formation, 5588 
Nitrification, soil, bacteria, 256, 6440 
Nitrites, estimation. 5588 ; formation, 

173 9; physiological <dfect of, 
3273 ; in soil, 277 ; in water, 4158 
Nitro colours, manufacture, 5953 
Nitro-benzene, .’1710, 5468 ; dye pro- 
duction, 5468, 6953 
Nitro-benzol, diseov(Ty, 5908 
Nitro-cotton, manufacture, 6763 
Nilnigen, 1161 ; iu atmosphere, 239 ; 
compounds, 438 ; discovery, 60 ; 
earth’s crust, 239 ; fixation, 238, 
5588 ; as element in living things, 
275 ; in human body, 438 , In arti- 
ficial manures, 589 ; occurrence, 
839; oxides, 1101; oxides, electric 
forinatiun, 5588 ; 3)lunt con- 
st, it ueni, 167, 2702, 5585 
Nitro-glyeeriii, 2587, 0759-8761 ; chem- 
istry of, 3272 

Nitrometer, JiUnge’s, 6587, 6588 
Nitrotjs acid, composition, 1719, 3141 

— oxide, in air, 3720 ; as antesthetio, 

1719, 31 39 ; chemistry of, 695, 1 161 
Node, electric oscillators, 3896, 3897 ; 
in sound vibrations, 2105 ; in 
st-em-structnre, 170, 173 
Noil, manufacture, 2808 ; felt, 1997 : 

silk, 1247; woollen, 71 
Nomination, oivil service, 2161, 2252, 
2675 

Nominative case, in grammar, 246 
Non seqiiitur, fallacy, in logic, 6100 
Non-oonductor in electricity, 464 
Nordenfelt, submarine navigation, 22i9 
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|l:^rie*B tablos of logarithms, 665 d 
iNOivnah in conic sections, 57i‘3; of 
ellipse, 1411 

Norman architecture, 32:12, 3233 

— conquest of England, 2:i58 ; effect 

on commerce, 69, 146 ; efitct on 
English language, 117, 324, 1608, 
1768 

— kings, England under, 2674 
Normandy, and Channel Islands, 2111 ; 

cotUm manufacture, 1241 ; Eng- 
land loses, 3465 ; Henry 1., ^;^’ars 
with, 2674, 2675 ; and the Hun- 
dred Years War, 3463 ; prodi;ct«, 
1681 ; and William the Conque.-or, 
2358 

Norsemen, the, nationalities of, 2354 
North America, area, 460; cllniale, 

4064 ; coalfields, 5302, 5305 ; 

cotton production and trade, 22 •, 

384 ; economic condition; , 
5661 ; fauna, 628 ; forests, 626 ; 
furs, 4065 ; geography, 4061, 
4083 ; petroleum deposits, 5;j06 ; 
pijysieal features, 4061 ; races, 

4065 : vegetation, 4065 : afp alno 
Canada ami Vnited .States 

North Eastern railway, autocars, 4S0J^ 
4812, 507S, 3079 ; signalling 

system, 4688, 4690 ; tratth* man- 
agement, 4230 

North inland, N./,., geogruidiy, 3900, 

»f02 

Nortn, magnetic, orientation, 267 
North Pole, day and iiigld, 293 : 

position, 13 
North Se^, 460 
North, true, ascertaining, 265 
Nortliern hemispiiere, 13 
Northmen, invasions of, 2354 
Northrop loom, 3633, 3636 
Northumbria, and Alfred the threat. 

2355 ; Malcolm IIT. invades, 2674 
Norway, coast-line, 980 ; coins, weiglitf 
and measures, 410; craniology . 
1786 ; economic conditions, 5709 ; 
geography, 1560; history of. 
2948, 5396, 6446 ; language afllni- 
ties, 1771; timber, 54, 4602; 
touring directions, 859 ; union ot 
('almnr, 2948 

— maple, dripping points, 727 

— spruce, timber, 33 

Norwegian languag<‘, translation, 1920 
Nose, breathing througli, 2538; diseases, 
6132 ; in race classillcation, 1786 ; 
respiratory function, 1299, 6132; 
ill sculpture, 1511 ; sense of smell, 
2536, 2337; strueture, 1604, 1603 
Noseband, 4886 ; making, 5057 
Nostril, human, 2144 ; in breatliing, 
1299 ; position of, 577, 579 
Notation, in mathematics, 89 ; in 
musi(!, 37, 805 

Notching, 2832 ; wood -carving, 6044 
Notes, in banking, 3970 ; issue, 4440 
Notice, by servant, law of, 611 
Notional verbs, English, 902 
Notochord, of back-bone, 29 ; verte- 
bmte animals, 3070, 3072 
Notre Dame, Paris, 3374, 3373 
Noun, 110; ICnglish, 247; adverbs, 
formation, 1185 ; classification, 
122; verbal, 756 

— Esperanto, 4512, 6381 

— French, 5512 ; gender rules, 905, 

1052, 5512 

— fJormaii, gender forms, 1054, 1180; 

plural, 1878, 2488, 26:i8 ; regular 
declension, 747, 1342 ; weak 

declension, 1621 

— (ireek, 5375, 5518, 5655, 5951 

— Italian, gender rules, 2192; plural 

forms, 2346, 2485 ; suffixes, 3209 

— Latin, declension of, 118, 242, 442; 

irregular, list, 753 

— Spanish, plural and gender, 2343, 3792 
Nova Scotia, agriculture, 3203. 3204 
Novel, definitions and general nature, 

2961 ; foreign, 8780 ; evidence of 
love of personalities, 3988 ; g<K)d, 
8557 ; historical, 3558 ; modern, 
excellence of, 3556 ; problem, 
harmful views, 4535 ; society, 
chief writers, 3658 : see also 
Fiction and English Literature 


Novelists, present day, 3555 
“ Novurn Organum ” <Bacon), 5990 
Nueellus, of flower, 347, 348 
Nucleo proteids, in animals and plants, 
4008 ; uric acid from, 3704, ;{705 
Nucleo proteins, classification, 4134 
Nucleus, of animalcules, 4088; of cells, 
199, 1953 ; plant cells, 168, 348 
Nuisances, inspector of, 699 ; law con- 
cerning, 5056 

Number in grammar, 116 ; in English, 
245 ; verb inflexion, 758 
Numbers, in mathematics, 89 
Numerals (Esperanto), 4943, 52:i2, 

5654; French, 1619, 1772; Her- 
man, 2050, :i063 ; Hreek, 5952; 
Latin, 601 r Spanish, 2768 
Numeration explained, 89 
Numerical adjeefives, Italian. 29 J 9 
Nummulites, in limestone, 4088, 4089 
Nuremberg, architecture, 3374 ; centre 
of arts and crafts, :t947, 4117 
Nurse, duties, 1093, 6172; Imspital, 
6172; traiiiiug, 6171, 6172; 

requisites, 5491 

Nursery, infants', liygieiiic, 4683 
-- sylvicultural, 1677 
Nurseryman, business of. 6834 
Nursing, appointments, Indian service, 
3478 ; baths, 6286 ; branches of, 
6172 ; (V)loiiics, openings in, .3742 ; 
home, 6172; night duties. 6175; 
prior law asylums and hospitals, 
1929 ; poultiees, 6286 ; sick-room, 
care of, 6174 ; iminieipal hospitals, 
1496 ; training, fees, etc., 323 
Nut oils, painters’, ,5832 

— patterns, 2540, 2341 
Nut-hatch, 2210, 2492 
Nutmeg, 4721, 4873 

Nutrition, of animals and plants, com- 
pared, 276 ; physiology ot, 865 : 
in Weismanirs theory, 1180 
Nuts, engineers’, drawing, :i003, :hK)4, 
3007 : of screw', 686 ; lasting, 1703 
Nux vomica, 6888; poisoning, 4012 

OAK, description and culture. 4678, 
6888 ; bark ii.sed in tannimr, 
1165, :tol2, 0065; classification. 
355 ; galls, 3013, 3722 ; insect 
))es1, 4926, 4927 ; soil, 4604 ; 

woodplaiitiiig, 6317 

— limber, annual rings, r.l, ; in 

building sliorcs, 917 ; in cabinet- 
making, 6579 : for carving, 5809 ; 
cutting, 33, 55 ; friction data, 959 ; 
tinning, 6138, 66.53 ; secondary 

iinportunee of, 3542: slrengths of 
varieties, 1260, 1261, 1393 
Oakum, in ship deck-laying, 5922, 5923 
Oases, African, 3276, 3280 ; Kgyidian, 
34.52 ; irrigation, vegetation, 627 
Oat grass, 873 ; rows’ food, 3890 

— starcli, inicrograpb, 3363 

— straw, as livestock food. 2900 
Oatmeal, food value, 3:{81 ; j»rodnction, 

20, 873 

Oats, 873 ; climatic coiuliiions, ciiltiva- 
tu»n, areas, 874, r230; <lie etie value. 
;i312, 3599; fungous jicsts, 1667, 
1660; gcrnii lint ion, 635 : good 
seed, 636; harvesting. 1663; as 
livestock food. 1198, 2704, ’2909; 
rolled, preparation, 3084 ; struc- 
ture, 331 

Obelisk, Assyrian, 2660 : Egyptian, 
420 ; qiiarr.Ting blocks for, 295,5 
Object (grammarl, in analy:.i!-, 1618 
Object drawing, 280, 468 , 496, 739, 794, 
1010, 1086, 2728;, see nho under 
separate he^\ngs — e,g,, Oiibc 
Objective ease, in English, 217 

— genitive, in J.atin, 901 

— mind, Hudson’s theory, 3288 
Oblate spheroid, explained, 12, 13 
Oblique motion, in hiinnony, 365 

— ’lUuscles, of eye, 2400, 2401 

Oboe, construction, jilaying, 4891, 
5729; maniifactnre, 6621; in 
orchestra, 5887. 3892 
Oboe d'amore, basso and dn*caccia, 
relation to other jnstruinenfs, 
4895 

Observation, value, training, scope, 
1881 ; value in logic, 6002 


Obsidian, rock, 760, 767, 6741 ; vol- 
canic glass, 1008 

Obturator, in gun construction, 6612 
Ocarina, manipulation, 4509, 4570 
Occipital bone, structure, 1604, 1605 

— lobes, of cerebrum, 2144, 2146 
Oecipito-froiitnlis, jiositlon, 1350, 1351 
Occlusion of hydrogen, 841 
Occupaiions and longevity, 4528 

“ Oceanic,” steamship, boiler, 3104 , 3106 
Oceanography, causes of ctiange of 
level. 1355 ; chart of depths, 457, 
459. 554 ; temperature, 655 ; tides, 
556 

Ocean. 460 ; chemistry of, 555 ; depths, 
554 ; period of distribution, 2254 
Octagon, geometry of, 744 
Octahedron, 765, 766, 1747, 1749 
Octave, 27i> ; in tonic sol-fa, 807 
Octavius : see Augustus 
Octavo sheet, iu printing, 5457, 5458 
Octopus, 3115, 3116 
Odontograpli, in drawing, 3460, 3461 
Odoiitoglossiirn, culture, 6534 
Odontoid process, of vertebra, 1606 
Odoiitolitc, 5853, 58.56 
Odour, animal, recognition by, 2157 
Oersted, discoveries in electricity, 129, 
562, 4902 

nOsoiibagiis, description, 576, 379 
Offal, in flour milling, 3078, 3282 
Office, business, staff and departments, 
6.59 ; management, 6518 

— boy. duties and career, 192 

— keepers, appointments, 2252, 2575 
Officers, army, commissions, pay, 4197 

— mercontilc murine, 6803 

Otbcial receiver, in bankruptcy, 3569 
Oll-set, raiHW'ater jilpe, 5793 ; survey- 
ing, 158, 262, 370 ; of wall, 3033 
Ogee arch, introduction, 3092, 3092 
Ohio, geography, 4174 ; history, 5974 
Ohm, eleetrienl unit, 671, 789 
Ohm’s law’, in electricity, 670 
Oil and eolourmen, business, 47, 4059 
Oil engines, types and operation, 6786 

— fuel, uses, 6153 

— gas, as illiiminaiit, 6153 

— jiainting, 1020, 1021 

— seeds, of fibre ]>lants, uses, 5118 

— shale, 1073; oecurrenee, 6009; 

yield, 6149 ; industry, 6140, 6150 

— volatile : see Essential oils 

— wells, Ilaku, description, 6009 
Oil-tanning process, 3164 

Oil -cake, 2704 ; inannfacture, 103’2. 4830 
Oil elolb ; see Linoleum 
Oil-lields, geological strata, 5916 
Oil gas, 6818, 6824, 6825, 6829 
Oils, aci.l constituent, 3485; adul- 
tcratioii, 4060; analysis, 4414; 
animal, constants. 4833 ; books 
on, 4831 ; eliemistry of, 4829 ; 
in dyeing, 5780 ; essential : see 
Essential oils : fixed, 1032, 3485 ; 
illuminating, 1164 ; as insulator 
iu electricity, 672 ; light, dis- 
tillation fractions, 5463 ; as 
locomotive fuel, 5100; marine, 
kinds, 4833 ; mineral, constitu- 
ents, 5193 ; painters’, kinds, 5146, 
5831 : ; ill pow’er production, 5127 ; 
pressing, extraction, rendering, 
4830 ; reservoirs, 2108 ; separa- 
tors, 5214, 5764 ; tests, 48;f4 ; 
tree, v.arieties, uses, 4058; vege- 
table, 4833 

fUd age, cart' of. 45:J0; temperature in, 
440 

01,1 Eugiisli, jieriod defined, 1770 
Old English game fowls, 4954 ; comb, 
4937 

Old Ked Sandstone, deposition, 1817; 
description, 2253, fossil, 2254 ; 
rclatifUi to coal measures, 2067 
Old World, in physical geography, 
continents and oceans, 460 
Olctiaiit gas : see Ethylene 
Olefines, chemistry of, 3706 
Oleic acid, chemistry of, 3707, 4837 
Oleo-margarine, manufacture, 4832 
Uleo-resins, 3487 ; varieties, 1034, 4969 
Oleo-stearine, manufacture, 4833 
Olfactory, nerves, human, 2146, 2536 
Oligocene System, 2067, 2252 
Oligocase felspar, 6741 ; cleavage, 768 

6973 



aCMRAI. INOSX 


OII—FiU 


Olive, cultivation, 4408, 4876, 6888 ; 

tree, oil from, 1032, 4830 
Oliver, miniature artist, 1061, 1062 

— typewriter, 1528 
Olives, stuffed recipe, 200.3 
Olivine, characters, 768, 5855, 6741 
Omnibus, 2153 ; dimensions and, 

weight, 2726 ; employees, 4185, 
4186 ; lighting, 3025 ; susiM'nsion, 
3121, 3124 ; various types and 
structures, 2463, 2466, 2466 

— motor : see Motor-bus 

Onion, 355 ; culture, 6673 ; market 
returns, 6836 ; sauce, recipe, 2004 
Ontario, agriculture and farming, 3203 ; 

geography, 3203, 4066, 4068 
Ontology, use of term, 6253 
Onyx, stone, 767, 6741 
Ocdite, 844 : varieties, 533, 535 
Opal, 766, 767, 5308, 5855, 6741 

— gloss, recipe, 4533, 4930 
Opaqueness, meaning, 2436 

Opener, cotton machine, descript inn, 
1241, 1242 \ wool, 1123, 1124 
Open-hearth furnaces, construction 
and working, 2864, 5013-3017 

— process, steel production. 234 ; in- 

fluence on machinery design, 209 
Openings, quantity surveying, 6508 
Opera, glass, construction, 2903 
Operatic salaries, 6868 
Opiithulmia, in children, 6264 
Opie, John, portraiture, 4393 
Ojunions, banker’s inquiry, 4293 
Opium, 4006, 6888 ; abuse compared 
with alcoholism, 5672 ; cultiva- 
t ion areas, 4960 ; sources of, 352, 
4960 ; trathc, in China, 6690 
Oport(», 2234, 2946; touring. 1134 
Opossum, 1763 ; skins and fur, 6428, 
4430 ; swimming apparatus. 2038 
Ojjtative subjunctive, Latin, 1183 
Optic chiasma, 2401 

— nerves, anatomy, 2146, 2147, 2400 
(iptical instruments, 2949, 3369 

— sijuare, surveying, 158, 263 
Opticians, business of, 4717, 4143 
Optimism, in mental evolution, 3119; 

I'liysical and rational causes, 2517 ; 
physical basis, 2374 
Oiniige, sources, 4844, 6888 

— (“djour, symbolism, 725 

— muruiulade, recifie, 4848 

— oil, expn^ssion of, 4969 

— pcKoe tea, 3378 

— 4876, 6888 ; classifleation, 353 
Oraiiue, William, Prince of, leader ot 

.Netherlands against Spain, 4397 
Orange-tip butterfly, 3516 
Oraiigt‘ Itiver (.'olony, geography, 
3587 ; history, 6693, 6694 ; teacfi- 
ers’ op<;nings, 3741 
Oratio obliqiia, in (Jreek, 6070; Latin 
rules, 1048 
Orbit of earth, 15 

— hJunan, fiiuetion, 2400 
Orbital index, 1786 
Orcliiirds, culture, 6676 

OrelicKira, 5726; full, instniments 
and conducting, 5885 ; reading 
muiTK, 1060; small, 5889 
Orchesiration, art of, 5726-5734 
Orebid, 355 ; epiphytes, 500 ; genera, 
chU'f, 6534 ; culture, 6534 ; seed 
dispersal, 910 

Order, in architecture, 2658, 2859 

— checpies, explained, 3482 

— guard book, explained, 776 

— in natural science, 380, 6254 
Orders, retail business, systems, 6055 
Ordinal numbers, French, 1020; Ger- 
man, 3063 ; Italian, 2920 ; Latin, 
601 ; Spanish, 2768 

Onlinary seaman, mercantile, 6803 

— survey, 158, 1146, 1238 ; railway sur- 

veyirjg, 801 ; maps, 370 ; trianguia- 
tion <»f U.K., 1145 
Orderlies, It.A.M.C., pay, 4031 
Ordinary sliares, 1262, 3185, 3484 
Ordinate, in conic sections, 5783 ; of 
ellipse, 1411 

Ore, electric, prospecting, 2582 ; kinds, 
383.5 ; roasting, 3770 ; sampling, 
4416; working deposits, 2847, 
3301, 3306, 3835 

Oregon, state, 4175 ; ownership, 8976 


Oreidc, properties, 3940 
Orford nickel process, 5982 
Organ, 3858, 3866 ; construction, 3857 ; 
manufacture, 6712, 6714 ; recitals, 
3868 ; tuning pitch, 1058 

— American, 3950, 3952 ; beiiows, 6714 
Organic chemistry, 135. 516, 2554, 

2710 ; intelligibility, 3138 ; reason- 
ableness, 3142; simplicity, 3138 

— eoinpountlB, synthesis, 2711 

— evolution ; see Evolution, Varia- 

tion, etc. 

— muleenles, asymmetry, 3534 

— sensation, relation to self-conscious- 

ness, 2374 ; in psychology, 2118 
Organist, .3860, 3868 
Organ-pii)e, overtones, 2100 
Organ-pipe coral, 4086 , 4087 
Organs, homologous and analngous, 
1492 

Organziiie, manufacture, 2597, 5640 

Oriel window, 3374 
Orientalists, painting school, 4395 
Origin point, in surveying, 369 
“ Origin of Species,” 486, 823, 3783 
Original entry, bookkeeping, 777, 1467 
Orizaba, volcano height, 4064, 4175 
Ormolu, in eabiiiet-inaking, 6584 
Ornament, in design, 5818, 5820 ; 
geometrical, 2320-2322, 2398, 2506\ 
lines, curves, and plant, 5821 
“bookbinding, 6776, 6779 

— in singing, 6336 
Ornamentation, in architecture, 2288 

— in music, 271 
Oriiithorhyiichus, 2038 
Orohippns, fossil horse, 1177, 1178 
orpinient, 6741 ; pigment, 871 
Orpington fowls, breeding, 4858, 5623 
Orthoolase, mineral, 768, 6741 
Orthopbosphoric acid, 4779, 5.586 
(Jrtlioptera : ses Straight-winged In- 
serts 

Orthorhombic system, 766, 6730 
Osborne College, admission, 4400 
Oscillation, electric, conditions, fre- 
<iuenry, etc., 3748, 3749, 3894, 3895 

— mechanical, 3747, 3748 
Oscillators, Hertz, Lodge, etc., 3894, 

3895, 3897 

Osiers, for basket-work, 5488 ; sewage, 
crop, 4549 

Osier, Prof., on aicohut, abolition, 5815 
Osman kiln, in brickmaking, 1284 
Osmiridium, gold alloy, use, 5849 
Osmium, chemistry ot, 517, 1446 ; 

in electric lamp, 2682 ; wire, 5171 
Osmosis, 168 • in digc.stion proees-s, 675 
Osmotic pressure, laws of, 4562 
Osprey, feathers of, use, 6010, 6008 ; 

food. 2493; skeleton, 2494, 2495 
Osseous system, human, 1603. 1708 
Ossiltcation, of bone, cartilage, 436 
Ostrich, 2212, 2214; feathers, 6608; 
nesting habits, 2506 ; skeleton, 
2494; toes, 2495, 2496 
Otter, description, 1764; skins and 
fur, 6428, 0430 ; swimniing aj)- 
paratus, 2038 

Otter shell, siphon, 3284, 3285 
Otto of r(»s(»s, 4968, 4969 
Ottoman, in upholstery, 6719 
Otway, Thomu.s, dramatist, 1150, 1151 
Ounce, avoirdupois, 226; troy, 226 

— system, in yarn counts, 2896, 2897 
Ou.se, river, Yorks, 984, 1272 
Outcrop, in geology, 1921, 1924, 2379 
Outdoor relief, 1851 : nee also Pocjr law 
Outersidc, geological section, 1354 
Outfall, in drainage, 781 

— 41ap, in drain pipe, 571, 572 
iJutlet, of sinks, basins, etc., 5633, 5634 
Outlets, of water reservoir, 4332, 4333 
Outrigger hinge, in veliicles, 2829, 3022 
Outward flow turbines, deflnition, 1691 
Ovaiy, of flower, 347, 348, 349 ; of 
hydra, 381, 382 
Oven, baker’s, output, 932 

— breadmakiiig, tyi»e, 3395 

— kitchen, management. 1226 

— steam, in analysis, 4412, 4413 
Oven-bird, nest, 2507 

Overall, girl's, 4473, 4474, 4475 
Overcasting, needlework, 150, 161 ; 

for underclothing, 3338 
Overcoat, boy's, 1754 ; man's, 2872 


Overdraft, in ledger, 1967; ledger 
loans in connection with, 4292 
Overgraiuing, in painting, 5834 
Overlays, in printing, 5867 
Oversewing, milliner’s, 4566, 4566 
Overshot wheels, principle, 1690 
Over-tones, production of, 2104, 2105 
Overture, in musical form, 634 
Oviparous, explained, 30 
(Ivipositor, of insects, 3722 
Ovii-vtvipurous, explained, 30 
Ovules of flowers, 347, 348 ; in gym- 
nosperms, 503 ; of pine, 505 
Ovum of hydra, 381, 382 ; of plants : 

see Egg-cell ; germination, 1316 
Owl, description, 2211 ; food, 2492 
Ox, horns of, structure, 811 ; labour 
in construction, 6631 ; power, 5011 
Oxalates, uses, 4782 
Oxalic acid, antidote, 3704 ; chemistry 
of, 3704 ; manufacture, 478, 4928 ; 
reagent and test, 4410; sources, 
3112, 4781 

Ox-eye daisy, 354 ; weed, 1378 
Oxford, University. Ilrst charter, 3073 ; 
scholarships, 482 

— clay, 1279 ; use, 643 

Oxidation, 1295 ; geological, 1502 ; in 
metals, 356 ; pliy.siological, 439 ; 
in plants, 173 

Oxides, reduction, in metallurgy, 3836 
Oxus. river, course, 2563, 2564, 4495 
Oxygen, in air, 3719; atomic weight 
discussed, 518 ; chemistry of, 
1294; discovery, 60, 840; in 
earth’s crust, 239, 624 ; as element 
in living things, 275 ; in food- 
stuffs, 3109 ; Tnoleciile. 696 , 
necessity (»f life, 277 ; occurrence. 
839 ; percentage in luiiimn body, 
438; and plants, 167, 171, 172; 
preparation, 1294 ; respirat«try 
function, 1301 ; standard of atomic 
weight, G94 ; utilisation by living 
organisms, 1491 ; in water, 4150 
Oxylueinoglobin, formation, 953, 3018 
Oxyhydrogeii jet, 841 ; welding, 6455 
Oyster, description, 3113, 3285 ; choos- 
ing, 1228 ; culture, 32.S6, 5316 ; 
closing, 3284 ; dietetic value, 3311, 
338J ; disease, eomiuunication, 
5315 ; fishing, 2527 ; pearl-bear- 
ing, 5856 ; sources, 5121 
Ozf)k(‘rit, characters, 1165 6741 ; 

nature, 4835 ; mining, 4014 
Ozone, chemistry and production, 693, 
129.1, 5760 ; in air, 3719 
Ozoniser, in water sterilising, 5760 

PACIFIC I8LAND8| geography, 3902 
racifle Ocean, 460; currents’, 558; 
(’outinental shelf, 301 ; depth, 
302; geological formation, 1815} 
principal deeps, 554 
racinotti's dynamo armature, 1323 
Packers, railway, 4592 
Lacking, in hydraulic jacks, 1220 

— in key-seating, 3403, 3687 

— in mining, in blasting, 2584 

— W'lndesaler’s, imj)erteetions, 6208 
Padding, in textile dyeing, 4502, 6370 

— in tailoring, 1111, 1112 
Paddle-wheel, ship’s, 6226, 6227 
Page, domestic servant, duties, 816 

— printed, make-up, 5159, 5459 
Paid-up capital, explained, 3185 
Pain, sense of, 1422; itsyehological 

theory, 2517 ; value, kinds, 5539 
Paint, anti -fouling, 6571 ; chemislry 
of, 5141; house, 1035, 5831 ; 
l>rotective, 5148 ; stains, removal, 
2590 ; tests, 5146 

— spraying machine, 5831 

Painter, house, duties, 5830 ; employ- 
ment conditions, 2644 ; toolSt 
5829, 5830 ; wages, capital, 47 

— brushes, 6108, 6110 

Painters and decorators, business, 4145 
Painting, in art, Uarnottlne, 5382 ; 
Barbizon Seliool, 4301 ; compoai- 
Mon, colour, symbolism, 722 ; 
decorative wall, 4395 ; Dutch 
School, 3948 ; early Christian, 
3091 ; Flemish School, 3947 ; 
** Empire School,’* France, 4394; 
German 15th century, 4117 1 
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Greek eclioolg, 2030 ; impresiion* 
tom. Franco, 4304, 4305 : modern, 
3618, 4393 : Norwich School, 4300, 
4301 \ Orientaltotg, 4395 ; pre- 
Baphaelite, 4304 ; as a profeseion. 
164 ; Renaissance, 3793 ; Roman, 
ancient, 2933 ; in Spain, 4119 
PaintiiiR, in building, 1035, 5829, 6836, 
6513 

— of vehicles, 2730, 3479 
Palaces, Florentine, 3675, 3676, 3678 
Paleeolithic age, instrument, 1075 ; 

condition of man, 2255 
Pnlffioiitology, 279 ; bearing in geology, 
2066 ; books, 2256 ; geological 
evidence, 1031, 1177 ; relation to 
evolution, 1031 

PalfiBOZoic period, in geology, 1177 
Palatal bone, human, 1604, 1605 

— index, 1786 

Palate, human, 2144 ; function In 
singing, 6049, 6190 ; soft, 677 
Palatine arch, function in singing, 6049 
Palestine, geography, 2719 
Palette, cleaning, 871 ; setting, 1020 

— knife, painter's, 5829, 5830 
Paley, William, 2141, 4884 
Palgrave, Francis 'rurner, poems, 1438 
Palings, of fences, construct ion, 4646 
Palisade layer, of plants, 170, 171 
Palladium, 1446 : alloy with hydrogen, 

1722 ; in art work, 5524 ; proper- 
ties, 1397. 3837, 3839 
Pallets, of clock, 5712, 5714, 5715 ; re- 
pairing, making, 5882 
Palliasse, uidiolsferiiig, 6721 
Palm, Carnauba wax from, 4835 

— coconut, sugar from, 4352 

— date, 351, 4352 ; sugar from, 3652, 

‘plate lacing 3649 

— Palmyra, description, sap, 4352 
■ — sago, sugar from, 4352 

— oil, source, 1032, 4831 
Palm-kernel oil, 4832 

Palmitic acid, in cod-liver oil, 3486 
Falmitiu, in milk fat, 4035 ; in tallow, 
1032 

Palmnut cake, as livestock food, 2704, 
2908, 3892 ; oil in, 2704 
Palpitation, of heart, causes, 578, 6030 
Pamirs, Asia, 2560, 2502, 2503 
Pampas, Argentina, 627, 4283 
Pamphleteers, Eiiglisli, 1641, 1901 
Pan, mining prospector's, 2380 
Panama ('anal, dredgers used in, 5336 
Pancreas, 576 ; ferments, 3486, 3706 
Pancreatic juice, des<*ription, 580, 675 
Panel, cabinet work, 0586, 6587 

— of doors and screens, 5179, 5181 

— geometrical design, 2321, 2398, 

2399 ; proportion, value of, 5980 

— glazed, 5840 

— of motor vehi(iles, material, 3325 

— of saddle, making, 5340, 5342 

— saw’, defined, 3385 

— sunk, mouldings for, 1949 

• — in vehicle construction, 2834 

— wood carving, 6043, 6136, 6136 
Panelled frames, 5293, 5295 
Panelling, wood, tire-resisting, 4752 
Pangenesis, Darwin's theory, 1314 
Pangolin, scales, 1871, 2156 

Pansy, classification, 352 ; culture, 
6489, 6490 ; nectar, 730, 731 
Pantechnicon, 2463 ; dimensions, 2726 
Pantheon, Paris, arcliit<;cturp, 3946 

— Pome, dome, 3147 

Pantiles, roof, description, 4869, 4870 
Pantograph, in surveying, 158, 371 
Papacy, tlie, earliest liistory, 2946 ; 
independent state, 4322 ; political 
power ended, 6303 

Paper, books on, 6689 ; use in clothing, 
4267 ; dyeing, 6650 ; as electric 
condenser, 3580 ; flit. or, solvent 
for, 6560 ; as insulator in elec- 
tricity, 672, 0795 ; mamifacture, 
1167, 6278, 6395-6398 ; repre- 
sentative papers, 6401 ; standard 
sizes, 5457 

— bags, manufacture, 6557-6562 

— box making, 6660, 6562 

— currency, ih banking, 3970 

— drawing, 109, 113, 1640, 2730; for 

bruiihwork, 2691 ; for pencil 
shaOIng, 2188 ; preparation, 170S 


Papermakers, employment, 2654 

— photographic, 6401 6681, 6688, 

6686 

Papering, problems, 1647 
Papin’s engine, 5416 
Papuans} ethnological account , 1 788 
Papyrus, how made, 355 ; plant, 1167 
Par of exchange, 3681 
Para rubber, production, 808 
Parabola, 1412, 1413, 5943 ; in conic 
sections, 5783 ; in designing, 
2198, 2199 ; developnient, 4934, 
4935 ; drawing, 1411, 1413 
Parachute, descriptimi and use, 3982 
Parachutes, birds, 2496; in mammals, 
2037 

Paradigm of (ireck verbs, 6096 
Paraffin, as electrical insulator, 672 ; 
manufacture, 1164 4837 ; pro- 

perties, 4838; refliicment, 4837; 
solid, dassed as wax, 4834 ; uses, 
5306 

— lamps, burners, 6152 

— oil, 1164, 6150 

— wax, 0147; nature, 4835 : source, 

5306, 6149 

Paraffins, in chemistry, 2876 ; d(;- 

rivatives, 3138, 3705 ; formula', 
3020 ; unsaturated com]>ounds, 
3706 

Faragrai>hing, in business letters, 6351 
Paraguay, economic conditions, 5660 ; 

geography, 4282, 4288 
Paraguay, river, course, 4284, 4288 
Paraldehyde, hypnotic, 4128 
Parallax, 266, 6404, 6665 
Parallel forces, in dynamics, 414, 1833 

— roads, geological explanation, 1353 

— sailing, in navigation, factors, 6660 

— straight lines, theory of, 4477 
Parallelogram, 4723: area, 1251, 490.5 

— of forces, 411, 552, 1833, 1834 

— of velocities, in mechanics, 552 
Para-magnetic metals, list of, 4244 
Paraino'cium, reproduction. 38] 
Paranucleus, of animalcule, 4088, 4089 
Parapet, field trench, 6270, 6267 

— wall, 1949, 2267 

Parasites, 166, 3958, 3959, 6441 : in 
live stock, 2626, 2627 : plants, 
505-508 ; spore-producing, 4089 
Paratyiene, acetylene production, 6025 
Parcelling, of ship ropes, 6408 
Parcels post, ditficiilty of w’orking, 5102 
Parchment ftaper, 6401, 6,560 
Parent and child, in biology, varia- 
tions, 652 ; law of, 68,50 
Parentage, Irish ideal, 4665 ; natural 
selection and mental evolutiim, 
3120 ; racial obligations, 4663 ; 
sociological value, 4665 
Parental responsibility, limitations, 4666 
Parenthesis marks, in letters, 6352 
Parging, in building, 2387, 2390 
Parian cement, manufacture, 648 

— ware, description, manufacture, 5007 
Parietal bones, structure, 1004, 1005 

— layer, of pleura, anatomy, 1300 

— lobes, of cerebrum, 2144, 2146 
Parietttles, group, 352 

Paring, in boutmaking, 4139 

— chisel, 3:386, 3:387, 4150, 4151 
Paris, description, 1682 ; geological 

strata of basin, 2235 : nasal index 
of inbabitants, 1786 ; tourist 
directions, 715 * 

— history of, Roman times, 2242 ; 

capital of France, 2916 ; recovered 
from England (1436), 3465 ; re- 
sistance to ('harles X., 5239 ; com- 
merce, 5240- occupied by Pnis- 
sians, 5240 ; Peace of (1763), 5846 : 
Treaty of (1898), 5976; capture 
by Prussia, 6445 

Parish, in local government, 316 

— council, and meeting, duties, 316 
Parisyllabic (Latin nouns), 442 
Parks and gardens, staff, 1496 
Parkes, silver recovery, 5987 ; vulca- 
nisation method, 5045 

Parkesine, description, 5310 
Parliament, Barebones, 4761 ; first 
of Great Britain, 4952 ; opposition 
to Charles I., 4552 ; origin, 3073 ; 
Simon de Montfort. 3073 ; stand- 
ing orders on private hills, 3237 


Parliament, Houses of. 1275 
Parliamentary powers, in civil engineer- 
ing, account of and varieties, 1237 

— work, in surveying, 1237 
Parlourmaid, duties of, 1004 

Parrot, 2211 ; toes and beak, 2492, 
2495 ; vegetarian feeder, 2494 
Parsing, grammar, 760, 1617, 1618 
Parsley, 349, 353 ; culture, 6675 
Parsnip, 353 ; cultivation, 945, 6673 ; 
harvesting, 1666; as live-stock 
food, 2704, 2905, 3892; markcJ 
garden returns, 0836 ; nectar, 731 
Parson's steam turbine, 130, 1900, 5011 
Part playing, pianoforte, 1891 
PartliLMion, Athens, 1525, 2858, 2929 
Particij»ial adjectives, Esperanto, 6237, 
6380 

— adverbs, Esperanto, 6381, 6382 ; 

Hpanish, 4222, 4797 

Participle, English, 756 ; Esperanto, 
6237 ; French, 3854 ; German, 
134; Greek, 6094, 6095, 6096; 
Latin, 604 

Parting, in assaying, 2377, 5849, 5850 

— tool, carver's, 5809, 5810 
Partition, in mathematics, 229 
Partitions, between rooms, 4447, 4448 ; 

fire-resisting. 4752, 4757, 4759 ; 

^juantity surveying, 6510 
Partitive article : see Article 

— geikitivc, in Latin, 900 
Partners' drawings, ledger entries, 1569 
Partnership, in hanks, 4167 ; book* 

keeping, etc., 2978 ; profit, division, 
2756 ; in shopkeeping, 702 
Partnership Act (1890) jkrovisions, 2978 
Partridge, 2212 ; carving, 5934 ; salmis 
of, cooking, 1875 

Partridge, Bernard, line draw’ing, 6103, 
0105 

Parts, in music, 364 ; eounterpoint, 632 
Parturient fever in 8ln*ep, 2625 
Pascal, Blaise, hydrostatic investiga- 
tions, 1076, 1141, 1801 
Pass-book, bank, 778 ; bookkeeping, 
4443 ; current depositor’s, 4291 ; 
discount debit entries, 1466; Eng- 
lish and Scottish, 1960, 1967 
Passenger agent, railway, 4230 

— trafflr', railway, 4801 ; accounts, 

— vehicles eJassifl cation, 2462 
Passengers, ship's, regulations^ 6365 
Passes, Alpine, notable, 1838 
Passing notes, 567 in setting melodies. 

Passive voice, English, 608 ; (ierman, 
3355 ; Latin, 603 ; Spanish, 4222 
Passiveness, iin])ortance in mental 
activity, 3183 
Paste gems, 358, 5852 
Pastel work, 1061 

l*asteur, Louis, bacteria classification, 
1294 ; discovery of first germs, 
202 ; lactic acid fermentation, 
3535 ; theory ©f life, 28 ; re- 
searches, 3273 

Pa-'ttenr-t'haubt'rland filter, 3380 
Pasteuriser, milk, use, 4o:i7, 5405 
“ Patton Letters," account of, 1609 
Pastry, muking, 1530 
Pasturage, cultivation of, 1378-1380; 

grasses for, S75-SS0 
Patella, human, 1709 
J’atent agent, qualifications, fees, 1610 
“ Patent " leather, manufacture, 3455 : 
recipe for keeping soft, 5646 

— medicine, meaning of term, 1400 

— office, appointments, 3302 ; advice 

to patentors, 1399, 1400 

— offices, in T'nited Kingdom, 1401 
Patents, 1398; in bookkeeping, 2759; 

exploiting, granting, taking out, 
1610; foreign and coloiiim. list, 
1611 ; typical agreement between 
patentee and mannfacturer, 2270 ; 
void, law as to, 1401 
Pate-8ur-f>ate, pottery, 5607 
Pathology, 5424 
Paths, garden, 6318, 6319 
Petrarch, Italian poet, the sonnet, 63/ 
Patricians, and the rise of Plebeians, 
1136 ; and land reform, 1382 ; 
struggles with Plebeians, 1201, 1383 
Patriotism, Spencer’s views, 4121 

6975 
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Patronn?:?, Statr service, abolition, 2160 
PatU‘rn, ii cabling, 2109, 23:i7, 2542; 
const ruetlon, 2463 ; in moulding 
machine', 2543 ; shrinkage of 
mc'ta'.s, 2342 

PatU'rn-inaker, boot factory, 4433 
Patterns, geometrical, 2320-2322, 2397 

— textile. 6603-6511 
Pattiiiaon silver recovery, 5087 
Pattsburg shaft sinking process, 3461 
PaujierisiM, asylums and hns))itals, 

1929 ; ctiildreii, schools and cottage 
honu», 1930 ; relief systems, 1852 ; 
officials, 1926 

Pavis, Italy, architecture, 3232 
Pavine, artificial stone, 2428, 2429 ; 
asphalt, 2179, 2425, 2516; As- 
syrian, 2658 ; brick and tile, 644, 
2426,2^27,2515: by-laws respect- 
ing setting, 2425 ; concrete, 332, 
2426 : dictionary of, 1954 ; granite, 
3244 ; granolitliic, 2516 ; regula- 
tions re, 1978 ; stone, 3243 ; tessel- 
lated, 5776 

— blocks, wood sawing, 6368 

— stones, cleavage planes, 1925 
Paying-in books, bank, 778, 1966 

— slip, 1906, 3482 

I’awl, casting, 2113, 2114 
Pawnbrokers, business of, 47, 4346 
Pea, elassitlcation, 353 ; climatic con- 
ditions, 4062 ; cross pollination, 
732 ; cultivation, 874, 1230, 6674 ; 
dietetic value, 3312 ; digestibility, 
866, 3314 ; harvesting, 1664 ; 

leaf and tendrils, 605 ; as live- 
stock food, 2704, 2908 ; market 
garden, returns, 6836 ; Mendel's 
expf'riments, 1481 ; nutritive value, 
3381 ; root nodules, 505 

— soup, recipe, 1735 
Peace, eUect on society, 5098 

Peach, 0H89; canning, 4846 ; cuUiU’e, 
0677 ; cream, recipe, 2001 ; dried, 
4845 ; packing for market, 6678 
Peacock, ’ classification, 2212, p/afe 
faring 2209 ; tail feathers, 2505 

— butterfly protection of larvic, 3515 
Peanut. : nee Araehi.s 

Pear, culture. 6075, 6676 ; packing for 
market, 6678 ; preserving, 4846 

— easciice, source, 5469 

— wood, use, 57, 5809 

Pearl, 5856, 6889 ; imitation, 5853 ; 
sources, 5308 

— “ Orient,” and tapeworm embryos, 

3960 

Pearl ash, form of potash, 843 
Pearlite, in steel, 3938 
Pearson, Karl, biological work, 1791 ; 
on sex and variation, 652 
Peasants at an Inn,” Van Ostade’s 
picture, 182 

Peasants* revolt (1381), 3249, 3250 
Peat, angle of repose, 2572 ; h)rmation, 
5302 ; garden, 6203 ; ge.ological 
classification, 1073 ; soils, 258 
Peccaries, limbs, 1870 ; recognition 
odour, 2157 

Pedagogy : nee Education, applied 
Pedal, harp, 3399, 3400, 3524, 3525 

— organ, 3861, 3802 ; swell, 3860 

— pianoforte, 1211, 1891 

IVdestals, of van, 2828, 2820 
J*edrail locomotive, described, 2275 
Peel, Sir itobert, administration, 6690 
Peele, George, dramatist, 679, 849 
Peeling iron, bark peeling, 6065 
Peewit: Lapwing 

Peg box, violin, 2121 
Pegging, in bootuiaking, 4544 
Pegging rammer, 2111, 2J12 
Peking, capital, China, 2976 ; Kublai 
Khan transfers his capital tr>, 218 ; 
surrender to foreign powers (1900), 
6693 

Peking duck, points, 5706 
Pelargonium, classification, 353 ; gar- 
(leii eulture, 

Pelican, order,, classification, 2213 
Pelisse, infant's, 3856 
Pelton wheel, principle, 1688, 1691 
Pelvis, human, 1708 ; kidney, 1602 
Pen drawing, 118, 343, 6102, 6103^ 
Om ; shading, 1534, 2188 
— . quill, for illumination, 6275 


Pencil, lead, advantages in drawing, 
109, 2185 ; shading medium, 1533, 
2184 

Pendant, jewellery, design, 5859 
Pemiant, vaulting, in majsonry, 3146 
Pendentivc, dome support, 3147, 3148 
Pendulum, expansion, compensation, 
1739 ; isochronism of, Galileo’s 
discovery, 35 ; kinetic and poten- 
tial oscillation energy, 3748 ; 
mathematical formulte, 2017 ; os- 
cillation, 3747 

— clock, function, 6712 5715 
PenirWiuni glavctim, 1371, 1373, 4492, 

4574 

Penknife, manufacture, . 547 1, 

Pennine- range, 1271; fossils, 2254 
Pennsylvania, state, foundation, 5844 ; 

minerals, 4172 ; deposits, 5305, 5663 
Penny banks, system explained, 3482 
Penology, scientific study, 4276 
Penguin, 2214 ; food, 2482, 2493 ; wings 
as {>ropeUer8, 2496 

Pensions, army, 4032 ; banker’s pay- 
ment, 4293; civil service, 2100; 
L.C.G. clerks, 1215 ; old age. 
3224 ; old age, effect on filial 
responsibility, 4665 ; police, 1408 ; 
pour law, 1852 

Pensioners, army, employments. 4032 
Penstock, of sewer, 4457^ 4458 
Pentameter verse, 1767 
Pentlaiid hills, 98 1 ; rocks, 2253 
Penumbra, in light, defined. 2435 
Pepper, 3718, 4720; cayenne, 4721 ; 
perfume from, 5469 

— plant, classification, 354 

Pepsin, 4135 ; in gastric juice, 578, 
674 

Peptic glands, action in digestion, 674 ; 

function, 578, 579 
PepGmes, formation, 674 ; 

Pepys, Samuel, diarist, 1611 
Per pro, signification, 6351 
Perambtilators, construction, 3126, 3127 
Percentage, rules, 999 
Perceidioii, x>8ycboKgical occottnt, 2803 
Perch : see Kod 

— suspension, of vehicles, 3122, 3123 
Perching birds, classiflcatUm, 2209 
Percipient, in telepathy, 3662 
Percolation, gauge record, 4026 
Percussion drilling, petroleum, 6011 

— instruments, 5565, 5569-5571 

— toois, lornis and action, 4149, 4584 
Perflatioj), ventilation by, 6020 
Perforated work, wood carving, 6137 
Perforations, brickwork. 2513 
JVrforalttr, dentists’, 6028, 6029 
Perforators, telegraphic, 4386, 5391 
J*erfumers, hnsiness of, 4348 
Perfumes, of animal origin. 4971 ; 

artificial production, 5468 ; b«)oks 
on, 4972 ; manufacture, 496o , oils 
used ill, 1032 ; recipes, 4972 ; 
sources, 5469; synthetic, 4971 
Pergamuiii, scIuhiI of sculpture, 2930 
Perianth, 346 ; variations of, 352 
Pericardium, anatomy, 198, 950 
Pericles and Athens, 774 
Peridot, charactor.s, 5852, 5853, 0741 
I’eridotite, rock, 1009 
J’erigynous flower, 350, 347 
Perihelion, defined, 6405 
Periodic law, in chemistry, 238, 401, 
2082 ; application to atomic 
theory. 2082, 2295 ; ajipiied to the 
halogens, 1446; beuriim on valem'y, 
1914 ; coufirmation by corpus- 
cular theory, 2296, 2298 ; relation 
to argon, iieliuni, etc., 1297 
Periodicals, in 19th century literature, 
2308 '. see also .Tournalism 

— vehicle construction, 3908 
Periosteum, in anatomy, 436 
I’eripatus, description, 3:161, 3362 
Perijiheral nerves, 2147 
Periphrastic conjugation, Latin, 1616 
Peristaltic movement, 578, 67 4 
Peripteral, in architecture, 2859 
Peritoneum, human, 1710 
Peritonitis, defined, symptoms, 5843 
Periwinkle, {ilant, 354 ; growth, 504 

— shellfish, respiration, 3113 

Perkin, Sir W. H., discovery of coal- 
tar colour production, 3710, 6008 


Permanent way, construotion, 3420 ; 
inspection, 4502 ; rails, 3436 ; 
sleepers, 3430 ' 

Permian system, in geology, 2067, 2254 
Pernam cotton, 383, 384 
** Peroxide hair,” 693 
Perpendicular, in geometry, 4207 

— style, architecture, account, 3374 
Perpetual motion, 428 

Perrotine, construction, working, 4400 
Perry, 3315 

Persia, and Alexander the Great, 072, 
973 ; early art, 2659 ; ethnology, 
1790 ; geography, 2817 ; Mongol 
supremacy, 218 

Persian berries, use in dyeing, 5007 

— carpets, 3357 

Persian Gulf, surface temperature, 656 

— language, 1770, 1771 
Persians, anthropology, 501 
Persistence of force, 2063 ; Spencer’s 

theory, 313, 2063 
Per.son, in grammar, 116, 768 
Personal law, 6847-6851 
Personalities, prevalence in conversa- 
tion, history and fiction, 3985 
Personality, development of the idea 
in children, 2373 : modern theories 
of, 3287 ; Myers* theory, 3382 ; 
relation to reason, judgment, 1946 ; 
sociological value, 5248 
Perspective, linear and aerial, in art, 
505 ; in Greek paintings, 2930, 
2931 ; in drawing, 282, 595 
Perspiration, of skin, composition, 
1423 ; evaporation of, 1900 
Pertinax, Komaii Emperor, 2071 
Peru, coftott industry, 383, 384, 385 ; 
geography, 4282 ; nasal index, 1786 

— balsam, properties, uses, 4969 
Perugino, Pietro, painter, 3794, 4299 
Peruvian bark : see Cinchona 
Pessimism, 1884 ; physical and rational 

causes compared, 517, 518 ; siip- 
j>osed physical basis, 2374 
Pests, agricultural, 3512 ; forest, 
extermination, 4925, 4927, 4928 ; 
fungous, 1667, 1668 ; insect, 1066, 
1667 ; of mankind, 4515 
Petal. t>f flower, 346, 347 
Peter 1., the Great, of llussta, reign, 
6200 

Peter III., of Russia, dethroned, 6202 
Peter liie Hermit, and Crusades, 2674 
Peterhead, granite, 529, 1518 
Petitio prineipii, fallacy, in logic, 6101 
Petition of Right, stipulations, 4552 
Petrarch, poet, biography, 4322 
Petrel, order, deseriptioii, 2214 
Potrie, W. M. Flinders, archmoJogist, 
2786 ; comparison of Egyptian 
and English fiction, 2962 ; travels, 
213 


Petro-cells, Sohron’s discovery, 4561 
Petrol engines, types, 6785, 6786, 6787 
Petroleum, 1033, 5915, 6147; Baku 
region, 2718. 2719 ; hooks on, 
6689; distribution, 1164, ;t771, 
5305, 5916, 6007 ; drilling plant, 
0<ni; English, 6011 ; flash-point, 
5193, 6010; formation, hypothe- 
sis. 591.5 ; generic name, 5915 ; 
geological classification, 1074 ; as 


locomotive fuel, 5106, 5107 ; 

paraffin from, 4837 ; products, 5306, 
6147 ; sale regiihitions, 4059 ; 
solidifying agents, 0152 ; soluble, 
0152; siiecific gravity, 799 ; TJ.S.A, 
centres, 5663 ; uses, 6010, 6151 
w'orking, 3190, 3191 

Petroleum Acts, definition of petroleum, 
5915 ; flash-point test, 6148 
inspectors, 788 ; licence, 4069 

— crude, 6t)09, 6010 ; refining, 6147 

transport, 6014 

— ether, production, 0148 

— lamps, burners, 6152 

— products, tests, 6148 

— residuum, uses, 6153 

— rig, American, 6011, 6013 

— spirit, production, 6147 ; use. 6148 

— wells, drilling, sinking, et«., 0012 
Petticoat, boy -baby’s, 41$5 ; flannM, 

drafting, 3580, 3690 ; girl’s, 8500, 
4472, 4473 ; for layette, 3744, 8745 1 
infant’s, 3856 ; young child's, 4059 
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Petty caab, bookkeeping, 403, 2201 ; 
]^ayment«, entry, 1509 

— book, use, 077, 1408 

Petty officers, marine, 0803 ; Navy, 4200 
Petunia, culture, 0493 
Pewter, composition, 1160, 3941, 5987 ; 
electroplating, 3422 ; solder for, 
5523 ; soldering, autogenous, 6454 
Peyer’s patches, in anatomy, 579, 953 
Pfeifer, on osmotic pressure, 4562 
IMlUgcr, Prof. E., molecular energy, 
2031 ; biO’Chemlcal action, 4135 ; 
origin of living matter, 3538 
Phaeton, classification and description, 
2464, 2406 ; dimensions and 

weight, 2726 ; mail, hood, 3623 ; 
nndejT-carriagc, 312:t 
Phagocytosis, theory, 6543 
Phalangcrs, 1763 ; feet adapted for 
grasping, 1871 

Phalanges, anatomy, 1708, 1709 ; 

proportion, in modelling, J348 
Phanerogams, classification, 165 
Phantasms, in psychical rescarcii, 3625 
Pharmacist, business of, 1652 
Piiarmacology, science of, 3017, 3018 
l^liarmacy, apprenticeship, 1651, 1652 ; 
books on, 5423 ; as a career, 101, 
1 652 ; career for women, 32 ; 
shopfitting, 1652, 1653 
Pharaoh Dynasty, conquer Phoenicia* 
501 ; and Israelite slavery, 665 
Phnrsalia, battle of (48 n.c.), 1514,1670 
Pharyngitis, symptoms and causes, 6132 
Pharynx, human, 577, 579, 2144, 2538 ; 
diseases, 6132; in singing, 60 tS 

— of vertebrates, 20 

Phase : see Single and Three jdiase 
Pheasant, classification and varieties, 
plate, facing 2209, 2212 ; carving, 
5934, 5935 ; rooking, 1874 ; 

digestibility, 3314 ; plumage as 
courtsliip aid, 2505 
Pheidias, s(!nlptor, art, 774, 2929 
J’henol : see (iarholie arid 
-Mlyes, 5468, 5953 
I’hcHomenou, pliilosophic term, 0256 
Phcnylamine : see Aniline 
Philadelphia, TT.S.A., 1649, 4172 
Philadelphia r<mveu1ion (1787), forma- 
tion of federal eonstitulioii, 5816 
Pliilip 11, of Spain, 1397 ; end of rule 
in Netherlands, 0304 ; marriage 
with Mary, 3834 ; Armada, 3999 
Philip of Macedon, life, 774 
Philip Augustus, of Franee, 2914, 4110 
Philil* fll. of Kraiiee, reign, 4101 
Philip IV. of France, wars witli Fdwurd 
1. of England, 3074 ; reign, 4101 
Philip Duke of Durgimdy. alliance with 
Henry V. of England, 3463 
Philippi, battle of, 1672 
“ Pliilifipics,” the, 775, 1071 
Philijipine Islands, aeiinired byF.S.A., 
5976 ; geography, 3161 
Philistines, Israel’s wars with, 066 
Philology, defects of as a science, 1607 
Philosopher’s stone, 59 
Philosoptiy, b(M>ks on, 5816, 5817 ; defl- 
iiitioii and scope, 2016, 6253 ; 

dependence on physics, 4882 ; dic- 
tionary of, 2015 : rightccntli cen- 
tury philosoplicrs, 2054 ; function 
of psychology (//.?'. ), 3117; ideal- 
ism, 6467 ; materialism, 6465 ; 
Nature and jirohlcms, 6253 ; new 
schiHil of, 6470 ; nineteenth een- 
tiu-y phlloaonher**, 2618 ; rcliitiou 
to the new cliemistry, 2552 ; rela- 
tion to pliysical science, 33 ; in 
religion, 6773; service to mankind, 
0539 ; synthetic, Hpencer’s, 4122 
Phlebitis, causes and symiitonis, 6036 
JMilogiston, in Stahl’s theory. 60, 61 
INianilcia, history, 601 
Phamieians, art of, 2660 ; character- 
islics of, 1204; ethnology, 1790; 
in Spain, 2940 ; shipping, 5254 ; 
silk trade of, 682 ; trade in Britain. 
plate, before 1, 145 ; traditional 
settlement in Ireland, 2608 
Phoenix, silver recovery process, 5755 
Phonetic spelling, rules of, 122 
Phonography : see Shorthand 
Phormiiim, fibre Industry, 355, 817, 
6889 ; fibres, dressing, 1389 
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Phosgene : see Carbonyl chloride 
Phosphates, analysis, 4414; in manures, 
5586, 5587 ; as poultry lotnl, 6434 
Phosphatlc rock, in manure, 5586 
Phosphine : see Phosphoretted hydro- 
gen 

Phosphor-bronze, composition, 3940 ; 
preparation and uses, 1447, 6309 ; 
jiropertles, 360, 396 

— tin, ]>reparation, 6309 
Phosphoretted liydrogen, 1722 
Phosphoric acid, in manure, 433, 589 ; 

sources, preparation, 4779 
Phosphorite, uses, 4779, 5586 
PhosphoniH, 1161; allotropy, 1046; 
compounds, 1161, 1722 ; distribu- 
tion, 239 ; in human body, 438 ; 
in iron, 234, 4907, 4910 ; manu- 
factiure, 4779, 4780 ; in nerve 
matter, 1942; oxides, 1161; 
plant constituent, 167, 5585 ; 

proportion in earth’s crust, 239 ; 
in puddling, 4637 ; red and yellow, 
1161 ; retorts, 4779 ; sources, 
4778 ; in steel, 234, 1045, 4747, 
5019 

Phofii-engraving, processes, 6481, 0480 
J*hotograiiimctry, use, 6634 
Phcitographers, apprenticeship, 4417 ; 

business of, 47, 4417 
Phot ogrupliic dealers, business, 47, 4419 

— aiiparatus, 6679 

— paper, manufacture, 6401 ; printing, 

6081 

— plates, 6682 ; physics of, 3228 
Photographs, copyright, 4418 
Photography, principle of, 6679, OOSl. 

0085, 0087 ; application to piiono- 
grat)h, 2319 ; amateur versus pro- 
fessional, 4417; hooks on, 6689; 
colour, 4527 ; developers, 5467, 
6680; lenses, 6127; jiorfruiture, 
6681, 6687, 6688; press, 4419, 
0102, 0086; surveying by, 6634; 
telescopic use, 6247 ; women’s 
training and pnispects, 323 
Pilot ogravtire, processes, 6486 
Pilot o-lltliography, process, 6183 
Photometer, use, 2135, 48 to 
Pliotometry, books on, 4298 
Plirasoograms, in sliorthand, list, 1464 
Phrases, in harp playing, 3398 
Plirasing, in pianoforte playing, 1889 

— in singing, 6337 
Plircnic nerve, human, 1491 
Phrenology, origin, metlu>d, 2010 ; 

compared with psychology, 20 1 1 
Phthisis, causes, 3798, 5409, 6134 ; 
diagnosis, Kdntgen rays in, 4093 ; 
and heredity, 1587, 2662; im- 

munity, evolution of, 1030, 6781 ; 
prevention, 5409 ; mortality, 5409, 
5412 ; si'mptonis, 6134 ; voire pro- 
duction as preventive, 2538 : see 
also Tuberenlosis 

Phylum, in botany, 165 ; in zoology, 
1492 

Phy.sical riiltiirc, women’s training and 
jtrospeets, 323 

— energy} unrelated to psychical, 6466 
Physical geography : see ( Jeography 
Physical science, limitations of, 3287 
Physicians : see Medical profession 
Physicists, notable, 3850 

Physics, brniks on, 4884, 5422 ; com- 
pared with chemistry, 58 ; de- 
velopment of higher, 4450 ; inter- 
play of Nature’s laws, 551 ; rela- 
tion to chemistry, 402, 1144, 2080, 
2084, 2391 ; relation to other 
seiences, 4882 ; relation to 
iisvehology, 2012 ; technical terms, 
3121 

Physiology, books on, 5423, 5771 ; 
dlctlVinary of, 102; relation to 
various parts of biology, 95, 137 ; 
relation to physics, 33 ; scope and 
definition, 95, 137, 279 
Physique, elTect of exercise, 4387 
Pi, numerical value, 6085 
Pia mater, membrane, anatomy, 2145 
Piano : see Pianoforte 
J’iano, term in music, 271 
Pianoforte, 1210; compositions, 1211; 
construction, 1210 ; examinations, 
2025 ; graded studies, 2032 


laying ” a scale in timing, 
6442 ; manipulation of keys, 
1415 ; manufacture, 6708, 0710, 
0711; octave tuning, 6442; as 
organ substitute, 3858 ; practice, 
2025 ; registers, 1059 ; string 
adjiistmcnti^ and chipping up, 
6442 ; teaching, 2024 ; tuning, 
3880, 6442, 6709, 0712 ; wire, 
5170 

— makers, employment conditions, 2056 
Piassnva, source and uses, 5118, 6889 
Piat furnaces, construction, 2863, 2805 
Picaresque novel, origin, definition, 2962 
IMcaria?, order of birds, 2210 
Picchettato, in singing, 6330 

Piccolo, miisicui instrument, compass, 
4508, 5729 ; orchestral use, 5729 
Pick, kinds, in mining, 2580, 2583 

— mason's, 2837, 2838 

— in railway work, 3172 

— scabbling, serrated, 532 
Pickaxe, in railway work, 3172, 3172 
Pickling, metais, 5528, 6169 

Picks, in textile industry, 29.39 
Picric acid, 6765 ; in dyeing, 5468, 
5908 ; manufacture, 3709, 6765 
Piets, invasions of Britain, 2241 ; in- 
vaded i>y the Seotti, 261)7 
Picture framers, business of, 4609 

— frames, making, 4610 

— postcard dealers, business of, 4611 
Pictures, ancient Egyptian, 2522 ; 

diversity of values, 5151 ; scale 
by framer, 4609 
Piciicules, nest, 2507 
Piddoek, boring apiiaratiis, 3284, 3285 
Piece mould, in sculpture, 1509, 151() 

— work, 6643 

Pier, in building, 2168, 2171 ; bonding 
of, 2175 ; crib, 6268 ; Dover, 
6333, 0335 ; foundations, 332 ; 
harbour, 6220 ; shoring, 920 ; 
stagings used in construction, 
1172; underpinning, 918 

— ill masonry, dome supporting, 3148 

— of suspension bridge, stri*sses, 2764 
Pierhead, construction, 6206 

Hers, seaside, uses, 5580 
Piezometer, for tesiing pressure in 
water-pipes, 1574 

Pig, 1761 ; black, 2305, 2368, 2309 ; 
books on, 3171 ; breeding, 2367- 
2371 : even-toed, digits of hand, 
J809 ; exhibitions, Smithfield, 
2371 ; farming in t treat Itritain, 
2305, 2309 ; housing. 2370, 2998 ; 
large black, 2386, 2369 ; large 
white, 2367 ; middle wiiite, 2365, 
2367 ; ringing, 2370 ; small wiiite, 
2305, 2368 ; sucking, age for 

market, 2370; white, 2367 

— bt‘d, in iron smelting, 232, 4470 

— iron, 232, 1044 ; Uftiiig, 563 ; for 

puddling, 4637 

— in laundry w'ork, material, 2476 

— skin, grain, plate facing 3217 
Pigeon, 2211 ; carving, 5934, 5935 ; 

digestive apparatus, 2492, 2494 
Pigments, in art, 725 ; in building, 
10;t5 ; eojiper, 6307 ; manufac- 
ture and properties, 5143 ; iu oil 
painting, colours to be avoided, 
871; organic, 5145; in paints, 
5141, 5831 : setting the palette, 
1020 ; test, 5146 

Pike, bony, classifleation, 3066, 3067 
Filch, infant’s, 3746, 3856 
Pile, of Brussels carpet, 3992 

— cloth, weaving, 3156, 3157 
Pile-driving, 2022, 4642 ; wedge, 836 

— engine, J453, 1454 

— screw', principle, 835 

— fowl, 5989 

Piles, 1173 ; in bridge construction, 
2737, 2738 ; in building founda- 
tions, 335 ; in carpentry, 4642, 
4645 ; hydraulic, 2767, 2768 , 

materials, 4642 ; reinforced con- 
crete, 1557, 1558, 1643, 1645 ; 
timber, 1454 

“ Pilgrim’s Progress,” 1640, 2963 
Pillar plate, of brougham, 2829, 2831 

— and stall working, 3191, 3561, 356i 

— steel construction, strength, 2226 

— of vehicles, 2725, 2727, 2739, 2829 
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Pillar, verge wat^sh, repairing, 6082 
Pillars, clock, 5884 

— electro-magnetic drilling, 5450, 5453 
Pillow lace, 224 

Pillows, materials. In upholstery, 6722 
Pimento, source, 4720, 4722, 6889 
Pin, in carpentry, 3546 

— of crank, 828 

— verge watch, 6081 
Pinafore, child’s, 4050, 4473 
Pincer tongs, 2984, 29S5 
Pincers, use, 3388, 4586 
Pinchbeck, composition, properties, 3940 
Pine, tree, 4657 ; in building shores, 917 ; 

classitication, 503 ; cutting, 55, 57 ; 
distillation products, 5465, 5466 ; 
evergreen condition explained, 728; 
oil, production, 10;i4 ; pests, 4926, 
4027, 4928 ; its timber, 54 ; 

strength, 1260 ; wood fibre, in 
papennaking, 6280, fi281 

— dwarf, distribution, 625 

— Scotch ; ser Scotch Hr 

— Weymouth and white; see Wey- 

mouth i)iue 

— yellow, strength of tinihcr, 1260 
Pineal gland. 240o, 2403 
Pineapple, 6889 ; eatniiug, 4846 ; 

distribution, 4876 ; essence, source. 
5469 ; leaves as fibre. 8]S 
Pinion, of clock, .5711 ; repairing and 
making, 5717, 5719, 58S4 

— leaf, wateh, repair, 60S4 

— engine, action of, 3814, 3815 

— raw-hide gear, 3U21 

— of to(Uhe<i gear, 3638 

Pink, llowcr, 331 ; fertilisation, 730, 732 ; 
order of, 354 

Pink-eye, disease, in horses, 2620 
Pinking iron, in upholstery, 6722 
Pinnacle, in architcelure, 3373 
Pinnipedia, species of, 1494, 1765 ; 

suitability for aquatic life, 2038 
Pins, materials, manufacture, .5170 

— clock pillar, making, 5717 
Pinturicchio, painter, 3794 
Finns sylvestris : see Scotch fir 
Piomho, Sebastiano del, painter, 3790 
i*ipe arch bridge, structure, 2730. 2740 
Pipe-fish, form of body, 3069, 307 J 

— nails, use in foundry, 2547 

— pattern, for moulding, 24.5.5, 24.57 
Piperiii, source, 4717, 472ti 

Pipes, anti-syphonage, .5031, 5634 ; 

drawing, 0041, .5042 ; bending, 
.5020, 5630 ; copper, plninher’s, 
5627 ; copper, working, 3884, 
3SS0 ; drainage, 569, 57 J, 

736, 5051 ; drainage, road, 2323 ; 
flanged, mamifueture, 5320 ; hot- 
water, arrangement, 6022 ; hot- 
water, fitting, 5627 ; hydraulic, 
strength formula, 1704 ; iron, 
plumber’s, 5627 ; in njiniiig, de- 
fined, 2378, 2670, 2071, 5319: 

overflow, 5029, 5632 ; plumbing, 
fixing, 5632 ; rain-water, 781 ; 
rain-water, quantity surveying, 
6512 ; Tm)t, kinds, .5703, 5794 ; 
sewer, 4460 ; soil, .5053 ; h<mJ, 
jointing, 5628 ; soil, connect i(nj, 
5031, 5634 ; tobacco manufu* ture, 
4378 ; waste, use and fixing, 5633 ; 
tests, 1082, 3064 
Pipette, in chemistry, 1140 
Piping, in carriage trimming, 3622 

— in dre.ssmaking, 152, 153, 863 ; of 

widow’s bonnet, 5774 
Pipit, classification, 2210 ; nest and 
eggs with cuckoo egg, 2507 
Pique, in glove sewing, 5482 
Pisa, 2230; cathedral and leaning 
tower, 3231—3231; sculpture, 3518; 
touring, 947 

Pisano, Andrea, painter, 3519 
Pisano, (liovannl, sculpture, 3518 
4*lsa?io, Vittore, medallist, 3678 
distil, of flower, 347, 348 ; male, 
female and hermaphrodite, 730 ; 
nectar production, 5731 
Pistols, Browning’s, 6418 ; Colt, 0418 ; 

Mauser, 0417 ; present t^.pe, 0415 
Piston, of pneumatic tofds, 1803, 1800 

— of steam-engine, 4424, 5414 ; Bel- 
^ liss engine, 5750, 5751 ; Brother- 

hood engine, 0071, 6072 ; Rams- 


bottom type, 5641^ 6643 ; speed 
in locomotive engines, 6616 ; triple 
expansion marine, 0294, 6295 
Piston rod, 5041, 5643 ; diameter for- 
mula, 4425 ; triple expansion, 6’2£i^ 

— glands, drawing, 4203, 4205 
- valves, 5749, 0515, 6516 

Pit, bell, in mining, working, 3190 

— railway locomotive shed, 4599 

— sand, cjmstituents, 647 

— saw, use, 3385 

Pitch, in coal-tar distillation, 5462 ; i)ro- 
diiction, 1163. 5465 ; source, 4658 ; 
specific gravity, 1704 ; for timber 
and iron coating, 5836 ; testing, 
1702; uses, 1163, 5404 

— of gears. 36.56, 3923, 3924 

I’itch in music, 37, 1058 ; pianoforte, 
tuning, 6442 
of screw, forms, 686, 835 

— pine. 54 : cutting, 53, 57 ; in stag- 

ing. 1176; strength, 1260, 1393 

— in sound, 2102, 3620 

— of voice, 6047 : modulation of, 2538 
Pitch blende, radium from, 2028, 2031, 

2581 

Pitcher, in haymaking, defined, 1630 
Pitcher-plant, 507, 508 
Pitching tool, mason's, 532, 2X37, 2839 
Pitch.stone, rock, lOOS. 6712 
Pith, plant, 170; in trees, 51, .53 
Pit -head gear, mine construction, 3767 
Pitman. Sir Isaac, shorthand system, 48 
“ Pitman’s Journal," 403 
Pitot’s tube, stream velocity. 1576 
Pits, in mining, working, 2817 
Pitt, William, ministry, 5555, .5685 
Pitt, William. Earl of Cliatham. minis- 
try, death, 5554, 5555 
Pitti Palace, Florence, 948, 3675, 3078 
Pivot, of clocks, repairing, 5716, 5718 

— ()f gates ami doors, 579.5, 5797 

— holes, of clock, 5883 ; wateh, 6083 

Pizzieatt*, tlouhle-hass, 3170, 5728; 

violin, 2.512, 2744, 5727 
Place bricks, 643, 1947 
Placket fasteners, 185 ; making, 0.54 
Plagioclasc felsi)ar, cleavage, 768 
Plague (1605), mortality, 4762 
Plaice, fish, 3009, .3070 ; choice of, 3717; 
fisheries, 5190; fishery, value, 
4989 ; floating eggs, 5189, 5100 ; 
frying, 1873 

Plains, diluvial and alluvial, 4497 ; 

of Europe, 854 ; fertility, 4497 
Plait, ill bordering baskets, 5562, 5504 
l*lan, in architecture, 2120, 2283 ; of 
architects’ detail drawing, 509.3, 
5698 

— in building, 5542, 5.543 

— in drawing, 1747, 1749 
Planarian worms, classification, 3959 
PJam*, of crystals, 766 

— curves, problems in, 1411, 1413 

— in drawing, 1747, 1749 

— faces, of envelopes, 4521, 4523 

— figure, in geometry, 4208 

— in geology, 1924; formation, 1816 

— irons, kinds and use, 737.57, 3758 

— tool, varieties and uses, 3385, 3387, 

3756, 73757, 3845, 3848, 4151, 4152 ; 
"hollows” and “rounds,” 4151, 
4153, 5179, 5181 

— table, ill surveying, 159, 594, 710 

— tree, 6889; strength, 1260; shear- 

ing cut, 4584 ; use for carving, 5809 
Planers, machine tools, 3319, .3317, 
3321, 4909, .5002, 0451, 6654, 60.50 ; 
compared with milling cutters, 
3401 ; portable, 5276-527.9 ; ro- 
tary, 5205 ; tests, 739073, 3965 
Planetary motion, laws of, 662, 6241 
Planets, 11; plate faring 6241 ; com- 
])arative statistics, 6250 ; gravity, 
action of, 6242 ; heat radiation, 
2060; list of, 6116; movements, 
6115, 6241, 0242 ; nebular hy]»o- 
thesis of, 020, 6701 ; order, 6250 ; 
revolution, 6121 ; satellites, 6250 
Plaiii meter, river section area by, 5115 ; 
in ship calculations, 5966 ; in 
surveying, 158, 370 • 

Planing machines : see Planers 

— metal, tools, 415!, 4153 

— w'ood, 3756; according to grain, 

3540; inverted plane, 6-58/, 6585 


Plank, curving, 3539, 3541 ; dis- 

tinguished from board, 3544 , 
Plankton, in fishery, 5189 
Ifiano-miUing machine, 3324, 5205, 5207 
Plans, of building, 2790, 5542, 5543 

— mine, 3306, 3309 

— in surveying, 370 
Plant : see Plants 

— depreciation allowance, 3420 
Plant form, in design, 5821, 5978, 5979 
Plantagenet kings, England under, 2913 
Jfiaiitain, 882 ; cows’ food, 3890 ; 

seed dispersal, 910 

Plantation, making, 6317 ; rating, 4603 
Plant -bug, plate facing 336l,,H/#3, 3364 
Plantf'*’s accumulator, 73080 
Plaut-lice, description, 3365 ; at, tacked 
by ichneumon fly, 3722, 3723, 3720 
Plants, atmosphere and, 1298 ; bio- 
logical classification, 29 ; car- 
nivorous, 507 , 508 ; collectors and 
dissi])ators of energy, 4132 ; chem- 
ical rnamires. 5.'i85 ; desert and 
moorland, 727 ; disintegrating 
elK‘ct on soil, 1814 ; classification, 
16.5 : extinct marine, 535 ; fer- 
tflisation, 346 ; food, 276, 2702 ; 
getu'ral characteristics, 275 ; gym- 
nosperms, 503 ; insert pollina- 
tion, 346, 731; limitation of rang(‘, 
493 ; influence of water, wimi, 
aniniuls, insects, 727-732, 9(»8 ; 
in living-rooms, 1159; male, fe- 
male, and hermaphrodite, 730 ; 
nitrogen absorbed, 238 ; oxygen 
given otf by, 171; i>arasiles, 
505 ; protection against wind and 
animals,///'/; reproduction, 34(>; 
structure and fixid, 10O~J73 ; 
synthetic chemical processes, 2711, 
4014, 4133 

Plaque, copper, enamelled, 5691 ; clec- 
trotyjiing, 3422 

Plasma, of blood, properties, 952, 054 
Plassey, battle of, 5555, 6549 
i*Ja.ster bedder, in firing china, 5006 

— cast, colouring, 1673 

— casting in, 1218, 1509 

— fire iirbtectlon, 4754 

— in mural ilecoration, 1024 
Plaster-of-Paris, 048, 1041 ; in bronze 

casting, 1674 ; dentist’s use, 5862, 
.5803, 6028 ; manufacture, 5497, 
5586 ; in moulding, 2110 ; quarry- 
ing, 2850 7 see also Gypsum 

— of walls, 5499 ; air permeability, 

6020 ; repairing, 5829 
Plasterers, cmiiloyment, 2644 
Plastering, in building, 648, 5400, 5497, 
5498, 6513 ; books on, 6349 ; climate 
effect, 6349 

— wines, 2879 

Plastic clay, in sculpture, 1217 

Plasticity, definition, 1375 

Plate, face, for lathe testing, 390.3, 3966 

— girders, stresses, 2198, 2199 

— glass, manufacture, 4734 : polishing, 

4735, 5837 ; recipe, 4533 ; strength, 
1702 ; vans for, construction, 2558 

— moulding, described, 2540, 2541 

— old Sheftleld, manufacture, 5860 

— reversing eccentric, 5644 

— ship’s, strength, 6221 
-verge watch, removal, 0081 

Plateau, advantages, disadvantages, 
4497 

Plate-bending machine, 5920 
IMaled work, in machine hnllding, 206 
i*late-edge planing machine, 3098 
JMatelayer, railway, duties, 4230, 4591 
Platen printing machine, 5872 
Plates, boiler, working, 3097, 3100 

— china, manufacture, 5000, 5007 

— circular, wooden, 5296, 6299 

— earthenware, pressing, 6233 

— in joinery, 4115, 4116 

— metal, drawing, 5042; thickness, 

3095 ; see further under Plating 

— photographic, use and varieties, 

6679 ; collodion, 6481 ; in photo 
reproduction, 6482, 6485, 6486 

— shell, of ship, 5918-5922 

— steel, test pieces, 3961 

Platform, of dress landau, 3122, 3123 

— railway, dimensions, 73010 

— in scaffolding, 1170 
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Plating, 3095 

— Bhefl, of whip, 5917, 5919 

— shop, 3109 

— silver : gee lillectro-plating 

— of vessel, 50 JH 
Platinoid, 672, 3837, 3941, 6984 
Platinum, 4305, B849 ; books on, 5860 ; 

chemistry of, 1446 ; conductivity, 
1397 ; electrical resistance, 672 ; 
in electrolytic apparatus, 240 ; 
expansion under heat, 1738 : leaf 
burnishing, 6277 ; in metallurgy, 
301 ; micro-structure, 3939 ; plate 
preceding 3937 ; oecurrence, 839, 
f»H49 ; ore, sources, 5849 ; strength, 
1396; t(K)l8 for, 5521, 5521; 

welding, 6454 ; wire, use, 6171 
Plato, conception of society, 5246 ; 

life and teachings, 976 
Platypus, 1494, 1765 ; skin. 6428 
Play, problem, harmful, 4535 
Play writing, 6866 

IMcasuro, nesthetlc value, 180 ; in 
philosophy : gee Hedonism ; 

physiological causes, 2517 ; sense 
of, 1422 

Pleat, for dressing gown, 3590; in 
girl’s skirt, 2408, 2469 
Pleating, in millinery, 5620, 5621 
EMeb( ians, the, and agrarian reforms, 
1382, 1383 ; Decemvlrate, 1201 ; 
rise of, 1136 

Plectrum, mandoline, 4808, 4809 ; 

zither, 3763 
Pleiades, 2949, 6700 
l*leistocene, geology, system, 2067, 2255 
Plesiosaurus, 2677 ; occurrence, 2254 ; 

skeleton, plate lacing 2066 
Pleura, human, 197, 1300, 1710 
Pleurisy, 6133, 6134 

— ill liorscH, treatment, 2621 
Plfiiro-pneuiiionia, in cattle, 2623 
Pliers, iunctioii, 4586 ; dental varieties, 

6028, 0029 ; metal-worker’s, 6521 ; 
in saddlery, 4784 ; slide, 5521 ' 
smith’s, 2984, 2985 
Plimer, miniature by, 1063 
I’limsoll mark, of ships, 0364 
Plinth, in building, 2266 ; binding of, 
2177, 2178 ; bricks for, 1948, 1949 
-- in joinery, 6293, 5295 
I'liuy the Klder, death, 2068 
I'liocene system, 2067 ; rocks, 2254 
l^ltohippus, fossil horse, 1177 
Pli<|uo a jour, enamelling, 5687, 5690 
IMotting, in surveying, 264, 369, 591 
IMough, iu agriculture, 1840, 1849, 
1S50 ; steam, 430 

— in tramway 4*.onduit, 1936 
Ploughing, systems of, 430, 1200; for 

cereals and nx)t crops, 1229, 1233 
Plouglimaru wages, duties, etc-, 2999 
J’iouglishare, 1849 

Plover, order, 2212; nesting, 2500 ; 

recognition markings, 2505 
Plug and feathers, tool, 532 
Plum, cultivation, 855, 4876 ; garden 
culture, 6676, 6678 

— cake, recipe, 2331 
Pluniatella, description, 3958 
Plumb bob, use, 4703, 4706 

— line, in erection, 3089. 3090, 3691 ; 

in mine surveying, 804 

— ru.e, use, 4703, 4706 

Plumbago, 1157 ; in foundry work, 
2547 ; source, 5308 ; sncciflc gravity, 
1704 : »ee aim (Jraphlto 

— plant, sticky fruit, 911, 912 
Plumbers, business of, 47, 2218, 4612; 

employment conditions, 2644 ; 
Mavy, 4265, 4269 ; tools, 5029 
Plumbing, books on, 4616, 6349 ; 
liusiuesB of. 4612 ; externu, 6029- 
5035 ; internal house. 6627 ; 
internal, quantity surveying, 6512 
Plummer block, 3263, 3264 ; cutting 
process. 3317, 3320, 8324 
Plumule, of barley, 874 ; of plant, 347, 
350, 635 : of wheat, 018, 915 
'-Plunger and bucket pump, 1081 
Plural, in English, 245 ; French, 1187 ; 
German, 1878, 2488, 2638 ; Italian, 
2346 ; ^auish, 2343, 2481 
Pluralism, In philosophy, 6464 
Plush, upholsterer’s varieties, 6716; 
weaving and design. 8156, 8157 


Plutonic rocks, 1008, 2065, 2067 
Plymouth, breakwater, 6335 ; harbour 
regulations and revenues, 6220 
Plymouth rock fowls, 4857, 5623 
Pneumatic chemistry, ori^n of, 60 

— drill ; gee Drill, pneumatic, etc. 
Pneumatics : gee Hydrostatics 
Pnenmogastric nerves, 1944 ; and 

digestion, 674 

Pneumococci, »n bacteriology, 6640 
Pneumonia, 6133 ; immuniKation dur- 
ing, 6544 ; organisms, 6540 

— in cattle, 2623 

— in horses, symptoms, 2621 

— in sheep, 2624 
Pockets, of trawl net, 4990 

— in dressmaking, making, 655 

— in mining, 2378 

— prints, in casting, 2340, 2341 
•— of sliding sash, 5183, 6186 

— in tailoring, 1289, 1292 ; boy's 

suit, 1460, 1552, 1754; lounge 
jacket. 2753 

— wall, in floor construction, 4446 
Pocket-knife, manufacture, 6475 ; 

plumber's, 6029, 5030 
Pod-plants, 166 : gee aUo Anglosperms 
PodophylJin, 6889 

Poetry, 303 ; American, 3780 ; Brown- 
ing’s theory, 1436 ; Elizabethan 
age, 536 ; Elizabethan drama, 
678, 845 ; English nineteenth cen- 
tury, 1304 ; English, Milton to 
Cowper, 991 ; EiigUsh Restoration 
drama, 1149 ; influence on modern 
English prose, 2309 ; pre-Eliza- 
bethan, 324 ; Tennyson’s theory, 
1434 ; value of learning to write, 
4577 ; Victorian pttets, 1434 ; 
Wordsworth’s theory, 1305 
Poetsch shaft sinking process, 3460 
Poisoned wounds, treatment, 6472 
Poisoning, treatment, 6473 
Point, in geometry, definition, 4207 

— mason’s tool, 2837, 2839 

— path, and instantaneous centre, 88 
Pointed arch, introduction, 3092, 3092 

— architecture, history, 3373-3376 

— paper, textile, 2930, 2940 
Pointer, in measuring sculpture, 1670 

— of typewriter, 1529 
Pointing, in sculpture, 1676 
Points, in optics, corresponding, 3182 

— railway construction, 3008 \ inter- 

locking with signals, 4646 ; rack, 
on Abt system, 3816 ; on tem- 
porary line, 3253 

— In printing, 5868 
I’ointsmcii, tramway, wages, 4189 
Poisons, antidotes to, 3704, 3537, 3823, 

4006 ; elfecl on body tcm]>erature, 
440; most powerful, 4012 
Poland, craniometry, 1786 ; geography, 
2408 ; liifltory of, 294H, 6202 
Polar bear, skins and fur, 6426, 6430 

— distance, in astronomy, 6244, 6665 

— regions, 5379 ; physical conditions, 

4494 

Polarisation, of light, 3849 ; effect of 
magnetism, 3.S52 
Polariscope, 3850, 4554, 4555 
Polarising angle, 3850 
Polar! te, in filtration, 4097, 4100 
Pole, of field magnet, 1106 

— arms, telephone, construction, 6*124 

— plate, of roof. 4249, 4250, 4251 

— roof, construction, 6324 

— socket, in futclicU carriage, 3125 

— spring, in mining, 2669, 2070 

— star, 6250; in determining latitude, 

700, 6663 ; position, 6110, 6117 

— of van, structure and fittings, 2828 

— tie, sleeper, defined, 3434 

— celestial, defined, 6116 

— geographical. 11, 293, 625 

— magnetic, 559, .1357, 4244 ; re- 

versing, 1324 

— telegrapn, and telephone, 6323, 6324 
Police, colonies, 3549 ; London and 

provinces, 81, 320, 1406; civil 

appointments, 2575 ; railway, 
6108 ; Roman, 1829 

— surgeons, salaries, 699 

Policies, accident Insurance, 4852 ; 
fire insurance, 4849 ; life assivrance, 
4727 ; marine insurance, 4853 


Policies, value, explanation, 4728 
Poling, in copper smelting, 856 

— boards, in building, 330, 331 
Polisii, fowls, varieties, 4865, 4957 
Polishes, boot, etc., recipes, 5149, 5150 
Polishing, art metal work, 5528 

— in bootraakiug, process, 4545 

— cabinet-making, 6591 

— of metals, 3937, 5528 
Polishing machines, 3456, 6214 
Political economy, Adam Smith, foun- 
der of, 2055; Hindu, 418; in 
Assyria, 601 

Politics, foreign, false ideas, 5100 
Follajuolo, sculptor, 8678, 3793 
Pollard, in milling, 3079 
Pollen, in flower structure, 346 ; in 
gymnosperms, 503 ; carried by 
water, wind, animals, 729 ; pro- 
tection from damp, 1214 

— flowers, insects, 731 

— grains, 346, 347 

— sacs, 846, 347 ; of Scotch pine, 505 

— tube, 346, 347, 348 
Pollination, 348 ; whcAt, 913 
Pollinium, of spotted orchis, 730, 782 
Polo, Marco, at Khan’s court, 218 
Polo pony, description, 2074, 2075 
Polonium, 1917 ; radio-activity, 2029 
Polyandry, in marriage, 4536 
Polycleitus, 8Ciil])tor, 2929 
Polydoros, sculptor, 2930 
Polygamy, effect on infantile mortality, 

4537 ; in history of marriage, 4536 
Polygon, 739, 2321, 4330 ; circles in- 
scribed and circumscribed, 744, 
1013 

— of forces, stated, 412, 553 
Polygonal forms, drawing. 5163, 5165 
Polybalite, 6742 ; deposit, 5585 
Polynesian language, importations, 1770 
Polynesians, ethnology, 1789 ; skull 

measurement, 1785 

Polype, 3958, 4086 ; coral, 4084, 4086 
Polypetalfl), defined and classified, 352 
Polypi, treatment, 6132 
Polypody, 1115, 1116 ; culture, 6493 
Polytheism, in Babylon, 17 ; in 
Phmnicla, 501 

Pomegranate, bark, source and use, 
6008 

Pommel, of saddle, manufacture, 5340 
Pompeii, destruction, 2068 ; e.vcava- 
tions at, 2932 ; fresco paintings, 
2933 ; wall decorations, 2930 
Pompey, C. M., career, 1514, 1670 
" Pond,” Corot’s picture, 4300, 4301 
Pons varolii, of brain, 2144, 2146 
Pont d’Ev6que cheese, 4490, 4576 
Pontoon bridges, construction, 2889 

— of docks, 0497, 6498 

Poop, of sailing ship, 5400, 5401 
Poor law officials, 1851, 1926, 1930 

— rate, administration, 1851 
Pop-gun, in band, 5569 

Pope, Alexander, author, 668 993 
Pope, 4320; in Early Middle Ages, 2241; 
patrons of art, 3675 ; transfer 
to Avignon, 4101, 4320 
Poplar tree, 6889 ; bark as tanning 
agent, 3013 ; timber, strength, 
1260; timber, use, 57, 2827; 

wood fibre, in paper making, 
6280 

Poplin, design, 2940, 2941 ; dyeing, 
6503 

Poppet, of lathe, 4912, 4913 
Poppy, 349 ; eradication, 1378 

— oil, painters’, 5118, 5146, 5831; in 

varnishes, 1035 
Porphyry, rock, 629, 1008 
Porpoise, 1763 ; swimming-apparatus, 
2039 

Porridge, oatmeal, recipe, 2331 
Porbeagle shark, skeleton, 3065 
Porcelain, English, 5606 ; in dentistry, 
5553, 6033 ; as insulator, 672 
Porch, Gothic, 3617 

— stone, lead work protection, 6035 
Porcupine, quills, 1762, 2150, 2157 
Pore, of skin, structure 1422, 1423 
Pork, choosing, 1228, 3717 ; carving, 

S9S5, 6936 ; dietetic value, 3112, 
3381 ; digestibility, 675, 3314 ; 
measly, cause, 3960 
Port cylinder, 5642 ; marking out, 8818 
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Portamfnto* in saxhorn playing, 5188 , 
in singing, 6836 ; in viola nowing, 
2S25 ; in violin playing, 2412 
Porter, alcohol in, 1036 

— bar, of gluts, 3096, 8108 

“ Pt>rter "bee escape, use, 6960, S961 
Porters, railway, 4*i04 
Portland, breakwater, 6335 ; harbour 
regulations, 6220 

Portland cement, 1856 ; analysis, 
Jfi67 ; in damp course of walls, 
2265 ; manufacture, 648, 1678 ; 
matrix for mortar, 1952 ; in 
plastering, 6500 ; standard speci- 
fication, 1862 : testing, 1521 ; 
use, 1332 

— concrete, 334 ; in construction, 1449 

— screw, fossil, 533, 2836 

— stones, 533, 535 ; .lurassic, 2254 
Portmanteau makers, 2649 
Portraits, photographic, 6689 
Portraiture, British, school, 4892 ; 

in llomun plastic art, 2932, 2933 
Ports, British, shipping (1004), 6006 ; 

sites, causes of, 4520 
Portugal, coins, weights and measures, 
410 ; eronomie conditions, 6822 ; 
exports and imports, 5823 ; geo- 
graphy, 2232, 2233 ; history, 

medin'val, 2i<46 ; from discovery 
of Brazil to the present time, 5397 ; 
navigation in Middle Ages, 5266 ; 
population, 628 ; possession by 
Spain, 5397 ; settlements in India, 
5397 ; Spanish trade, 5823 ; tour- 
ing directions, 1133 
Portuguese E. Africa, geography, 3684 

— language. English importations, 

1770 

Positive, In grammar. 116 

— electricity, 288 
Positivism, account of, 3869 
Possessive case, in grammar, 246 

— genitive, Latin rules, 900 
Post, of paper, 6397 

— boy, in offices, duties, 193 

Post otilce, growth, 2807 ; staff and 
snlnries. 2150, 2472, 2807 ; women 
cJejk.«* salarj’, 321 

corps, recruits’ standard, 3840 

savings bank, rules. 3222 

sub-agents, business of, 4617 

telephone cal! offices, 5599 

Postage account, bookkeeping, 403 , 2204 

— book, in business office, 104, 977 

— stamp dealers, business of, 4615 
I*OHtal orders, crossing, 1966 
Postcards, picture, trade in, 895, 4419 
Poster, designing, 0860 ; iirintiiig, 5872 
Posting, ledgers, 400 ; cautions, 2503 
Postludes, list of, 3867 

Postmen, appointment of, 2252 ; ex- 
aminations, 2811 ; as sorters, 2809 
Postulates, in geometry, 4208 
Pot-pourri, recipe, 4972 
Potash, use in glazing potash, 6236, 
5237 ; sugar cane culture, 3654 ; 
in live-stock excreta, 433. 842 ; 
as manure, 690, 4048, 5586 ; 

sources, 5585 ; xee alfio Potassium 

— alum, 4780 : as mordant, 1721 
Potassium, 842, 6756 ; extraction, 6767 ; 

food of plants, 167, 6585 ; pro- 
portion in earth’s crust, 239, 624 

— bichromate, ions movement, 4663 ; 

use in electric cells, 467 

— bitartrate, uses, 1675, 4782 

— chlorate, 843 ; manufacture and uses, 

4778, 5760 ; use, 5586, 6768 

— chloride, from cariiallite, 5586 

— cyanide, 8538; in ele<troplatiiig, 

3421 : in gold extraction, 5756 

— ferrocyanide, 3.537 ; in dyeing, 6781 

— ferrocyanide, characters, 3637 

— formate, formation, 3021 

— iodide, showing starch in plants, 172 

— nitrate : see Saltpetre 

— oxalates, use, 4782 

— permanganate, 1043, 2590, 5066 ; In 

opium poisoning, 4006 

— sulphate, use, 5586 

— salts, 5685 ; distribution, 8771 
Potato, boiling, 1485, 2126 ; choosing, 

1228 ; croquettes, recipe, 2886 ; 
cultivation, 946, 6674 ; oultiTa- 
tion area, 4959 ; cultivation for 
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spirit, 2879 ; dl' tctlc value, 3812, 
8381, 8599; digestibility, 866, 

3314 ; disease, 1372, 1373, 1669 ; 
harvesting, 1665 ; as livestock 
food, 1198, 2704, 2905 ; manuring, 
689, 690 ; market garden, returns, 
6836 ; planting, 431 ; plough, 
1605 ; raisers, machines, 1847, 
1848 ; reproduction, 346, 347 ; 

starch from, 8706, 6364 ; starch, 
underground branches, 909 
Potato, kidney, cultivation, 946 

— plant, 351 ; classification, 364 
Potential, in electricity, 291 

— energy, 60, 816, 4133 ; pendulum 

and spring. 3748 ; physiological, 
438 

— subjunctive, Latin, 1183 
Pols, crab and lobster, 4991 

— glass, manufacture, 4531 
Potter’s flre-resistiiig floor, 4756 
Potter’s wh(M‘!, use, 5233, 5234 
Pottery, architectural, 6776 ; biscuit, 

,5606 ; crushed mortar aggregate, 
19.52 ; Chinese, 5385 ; classes, 
5778 ; dealing in, 893 ; defined, 
5160; firing, manufacture, 6160, 
5233, 5382-5.1A5, 6606 ; books 

cm, 5778 ; modern examples, 
piate ianng 5233 
Pouched mammals, 2037 
Poulterers, business of, 4711 
Poultices, uses and varieties, 6280 
Poultry, breeding, 4659. 4855 : breeding 
for utility, 5^22: breeds and thefr 
points, 4659, 4855, 4953. 5089 \ 
carving, 5934, 5935 : cnonsing, 
1228, 3717 ; c(H»kiiig, 1874 ; 4957 ; 
cross-breeding, 4857 ; cross-breeds, 
5623; exhibition fowls, 4866; 
fattening, 5877 ; feeding, 4662, 
5093, 5433 ; fcsHl, proportion to 
carcase, 5094 ; foods, 5433, 6878 ; 
hatching, early, 5626 ; the incu- 
bator, 5203 ; killing, 5877 ; man- 
ure, 3010, 5874 ; parasites, 5091, 
509.3 preparing for market, 5877 ; 
rearing, 5091 ; small breeds, 5625 ; 
source's of, 4712 ; table, points, 
4660, 5624 ; tailless, 5625 ; types, 
5089 : useless breeds, 5024 ; see 
also Fowls 

— brooders, construction, 5876, 5877 

— farming, methods, 5873-5877 

— fatting pens, construction, 5876 

— houses, materials, construction, 

varieties, 5091, 5092, 6874-5877 

— pens and coops, 5875 

— rearers, construction, 5876 

— runs, 5873 ; lencing, 5576’ 
Pouring-stick, in soldering, 5628 
Poussin, Gaspard, painter, 4299 
Poussin, Nicolas, painter, 4118, 4299 
Powder, use in demolitions, 6274 
Power, definition, 290, 1690, 5010 ; ani- 
mal, 5011 ; development and 
utilisation, 4516, 6010 ; electric, 
measuring, 2812; electrical trans- 
mission, 6355 ; hydraulic trans- 
mission, 5356 ; liquid air transmis- 
sion, 5356 ; newer forms, 5010 ; 
pneumatic transmission, 5355 ; 
shafting transmission, 5353 ; 
sources, 5010, 5127 ; transmission 
in future, 6011 ; transmission, 
methods, 5353 ; water, 6011 ; 
wind, 5012 

— in algebra, definition, 1818 

— hammer, in forging, 2984 

— house, for electric traction, 1931 

— installations, engineers’, 5589 

— loom, 224, 8492, 3493 

— magnetic, stating, 1692 

— HI physiology, definition, 1797 

— ill theory of machines, defined, 684 
Powers, rules and symbols, 1264 
Poynting, Prof., theory of radiation 

pressure, 989, 3610 

Pozzolana, 648 ; cement, 1578 ; In 
Roman building, 142 
Practice, in arithmetic, rules, 886 
Prwsepe, star cluster, 6699, 6700 
Pragmatism, in philosophy, 6470, 6685 
Prairies, American, 4064 
Pratt truss, 2228,t2229 
Prawn, dassifleation, coloration, 8806 
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Praxiteles, sculptor, 2920 ; siatue of 
“ Hermes," 345 * 

Prayer-book, Cranmer’s edition, 1640 
Praying mantis, 33*13, plate fatang 3361 
Pre-Raphaelite painters, 4394 
Precious metals: see Gold, Platinum, 
Silver 

— stones, 68.52-555^ : books on, 6800 ; 

identification, 5853 ; imitation, 

5852 ; kinds and sources, 5308 ; 
setting, 5859, 5860 ; sluicing, 2959 
I*recipitate in ciicmistry, ll«2 : forma- 
tion, typical, 4404, 4405 
Precision grinders, description, 3406 
Predicate, in grammar, 608, 76(», 1618 
Predicative dative, in Latin, 900 
Preference shares, 1262, 3l8."i, 3484 
Prefix, in shorthand, 1102 
Prefixes, in chemical not’d ion, 104.5 

— Esperanto, 4656, .5373 ; of German 

verbs, 1878 

Premium, foreign bills. 36H2 ; insur- 
ance, 3223, 4726 ; stork at, 1262 

— payment, jilaiis, 6643, 6644 
Preparation, of discewds, .566 
Prepositional phrases, French, 5227 ; 

Spanish, 6086 

Prepositions, English, 116, 117, 1336 ; 
Esperanto, 4655, 6805, 6667 ; 

French, 6227, 6089 ; German, 

1342, 1774, 2489; Greek, 6382; 
Italian, 2045, 522.5, 5:i68, 6234, 

0378 ; Latin, 119, 1470 ; Spanish, 
5085 

Presbyopia, 3179 ; correction. 6264 
Presbyterian Church, ministry, 162, 6607 
Present worth, explained, 1129 
Preservatives, chemical, 5408 
Press agencies, list, 4009 

— bookbinding, 6776, 6777 

— cylindrical printing, 5383, 5384 

— hay and straw, 1848 

— illustration. 6X02-6105, 6728 

— photographic agents, 6688 

— photography, 6686 

— mould, in eleetrotyping, 5669 

— liberty of, 4843 

Pressed glass, manufacture, 4730 
Presser- board, of monidiug machine, 
2541, 2542 

Pressing, in cloth-making, 4106, 4110 

— felt hats, 6377 

— in iron working, 236 

— pad, in dressmaking, 1843, 2059 
Preks-spahn, electrical insulation, 672 
Pressure, of gases, Boyle’s law, 1804 ; 

lialton’s law, 1805 

— in geology, 898 ; action on llmstone, 

13.55 ; underlying strata, 1356 

— in mechames, detiiiition, 1833 

— in physics, correlation with tem- 

perature, 1740, 1741 

— sensation of, physiology, 1421’ 
Preventive service, customs, 2767 
Prevention of Corruption Act (1900), 

quotation, 6211 
Price book, use, 776, 6522 
Price cutting and maintenance in 
shopkeeiiing, 179, 3575, 6208 

— lists, wholesalers’ iwriodical, 6209 
Prices, eash and credit, 70:t 
Pridng, in shopkeeping, window, 509 
Prickling irons, saddlery, 4784 
Priesthood, in Biiddhisin, 417; Egyp- 
tian, 419 ; origin of, 6774 ; Roman 
Catholic, 6604 

Priestley, discovery of gases, 60, 840 
Primary rocks, 2007 ; palceozoic, 2253 
Primates, characters, 1493, 1763, 1871 
Prime, arithmetical term, 338, 1715 

— costing, in bookkeeping, 2419, 2420 

— movers, dictionary of, 6297: see 

also PoM'er, Engines, etc. 

— vertical, in navigation, 6666 
Primer, of guncotton, 6274 
Priming, painters’, 5834 
Primitive air breathers, 3361 
Primitive Methodist ministry, 6606 

— plants, In classification, 166 
Primrose, 349 ; pollination, 908 ; * 

thumb-eyed and pin -eyed, plalte 
iacing 728 

Printing, books on, 6076 ; branches of, 
6026 ; dictionary of, 6268 ; inven- 
tion of, 8604 ; Jobbing, 6871 ; litho- 
graphic, 6635 ; machines, modern 
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types, 9026, 5566, 5746, 5867 ; 
^margins, 6458 ; newspaper work, 
6871 ; oifice " style ' and new 
gelling, 6460 ; paper process 
5556 ; press, Caxton’s, 3605 ; 
presses, hand, 6744, 6867 ; sizes of 
paper, 5457 ; stereo'printing, 5550, 
6560 ; women's training and pros- 
pects, 323 

Printing dnim, in carpet manufacture, 
3359 

— floorclotli and linoleum, 6126 

— Inks, 1037, 6367 

— photographic, 6679, 6681 

— phototype, 2795 

— pottery, 6383 

— textile, 4499, 1500, 4601, 4502 
Prints (clothes), coloured, washing, 2688 
Prior, Mattliew, poet, 993 

Prism, 2734 ; achromatic, 2951 ; com- 
bination of throe, 3369, 3370 

— in drawing, 1747, 1749, 2005, 2007, 

2008 ; sheet metal, 4524 

— powder, manufacture, 6769 
Prismatic compass : see Compass 
Prison commission, appointments, 3301 
Private, army, 3M0, 4030 ; R.A.M.C., 

4031 

— coaciiing, fees, 6479 

— ledger, definition and function, 778 

— schools, conditions and masters, 6477 
Privet hawk-moth, 3513 

Privet, garden hedge, 6318 
Probate valuation 6151 
Proboscidea, mammals, 1494, 1762 
I*robo8ci8, butterfly, 3514 ; moth, 3515 
Process blocks, 6481 ; in printing, 6872 
Producer gas, 6818, 6829 ; use in fur- 
naces, 2863 

Product, in algebra, 1818, 1994 ; in 
arithmetic, 90 

Production, cost of, on balance sheet, 
2756 ; factory work, 6642 
Products, natural, 5379, 6880-6891 
Profession, choice of, 161-164 ; com- 
mercial, examinations, 148; medi- 
cal, 5422 : see also Clerkship 
Profile cutting, proccHses, 3402 
Profile, dam, formula;, 4334, 4335 

— in sculpture, measuring from, 1510 
Profit, falsification, 2421 ; gross and 

net, 2271 ; calculation, 2420 ; rela- 
tion to dividend, 2421 ; relation of 
stock, 2418 ; sharing, 6644 

— and loss, arithmetic rules, 099 ; 

in partnerriiip concerns, 2978 

— — accounts, bank bookkeeping, 

4440, 4441 ; classifloatinn, 2755 ; 
company balance sheet, 3189 ; 
debentures, 3331 ; relation to trial 
balance, 2201, 2502 
Prognathous races. 1786 
Prognosis, defined, 5540 
Progress and evolution, 650 ; and 
natural selection, 5386 ; promoting, 
5390 ; sociological law, 5386, 5388 
Progression, In bamuuiy, 364 

— of mammals, 1869-1871 

— in mathematics, 3913 
Projectiles, nickel steel, 4747 : see also 

Ammunition 

Projection, In drawing. 1747, 1749 

— in geography : see Maps 

— In geometry. 5473 ; envelopes, 4523 ; 

soeet metal, 4522 
Projector, in drawing, 1747, 1749 
Promiscuity, in history of marriage. 
4536 

Promoters, company, defined, 1262 
Pronouns, English, 116 ; classification 
and personal, 447 ; demonstra- 
tive, interrogative, relative, 605 ; 
indefinite, 607 ; formation of 
adverbs, 1185 

— Esperanto, 5616 ; personal, 4665 ; 

possessive, reflexive, 4943, 5949 

— French, demonstrative, 2194, 6800 ; 

Indefinite, 2348, 6802; personal, 
2046, 5663, 6800 ; possessive, 

^2195 ; relative and interrogative, 
2633, 5801 

•—German, demonstrative, 2360; in- 
definite, 2776 ; Interrc^atlve. 2488 ; 
personal, 745, 1056 ; possessive 
1842, 1878 : reflective, 2049 ; 

relative, 2776 


Pronouns, Italian, demonstrative, 4503; 
indefinite, 4504; interrogative, 4648; 
personal, 3642, 3784, 4070, 4215 ; 
possessive, 4504 ; relative, 4647 

— Latin, 242, 601 ; interrogative, 444 ; 

relative, 443 

— Spanish, 2917 ; demonstrative, 3056; 

indefinite, 3207 ; personal, 2917 ; 
possessive, 3056 

Pronunciation, in singing, 6383, 6388 
Proof, printed, correction, 4190, 4193, 
5159 

— reader, duties, qualifications, 5459 

— spirit, 3314 ; production, 2879 
Propellers, aluminium bronze, 5992 ; 

screw, 835, 5258 ; steamer, number, 
6402 

Property, estate agency business, 5285 ; 
interest, 5152; investment in, 
3225 ; auction, 5986 ; valuation, 
5151 

Proportion, in algebra, 3695 

— in architecture, principles of, 2135 

— in arithmetic, rules, 996 

— in design, principles, 5977 

— in drawing, 468 

— in geometry, 5337; problems, 5473 

— in modelling, 1351 
Proportujnal parts, rules, 998 
Proportionals, in geometry, 472, 473 
Propositions, in geometry : see Oeo- 

metry 

— of syllogism, 6098 

Props, in mining, use. 3560, 3565 
Propyl alcohol, preparation, 2877 
Prose, and poetry, 304, 2309 ; general 
characteristics, 1607 
Prosody, defined, 1766 
Prospector, mining, equipment of, 2380 
Prospectus, of limited company, 1262, 
3186, 6801 ; debentures, 3330 
Prostyle, temple, in arcliitecture, 2859 
Protasis, Latin syntax, 1183 
Protection, methods of mammals, 2155 
Proteids, animal f(K)d, 4133; composi- 
tion, classificatjon, 3110 ; excess 
in human body, 867 ; digestion 
of, 073 ; in meat, 866 ; physio- 
logical chemistry, 438 ; relation to 
protoplasm, 135 ; source, 3111 
Protein, 4133 ; groups of, 4133 
Protestantism, Kiigiish, during reign 
of Elizabeth, 3997 ; Marian i>er- 
secution, 3834 ; massacre of St. 
Bartholomew, 4102 

Prothallus, club moss, 1310 ; ferns, 1110 
Proto, in chemistry, 4136 
Protohippus, fossil horse, 1177 
Protoplasm, 134 ; amoeba, 278 ; eell 
formation, 29 ; in chara and 
spirogyra, 1370 ; in human body, 
199 ; effect of hydrocyanic acid 
on, 3537 ; in living cell, 3370 ; 
nutriment of, 167 ; peculiar to 
living things, 275 ; in plant 
reproduction, 348 ; in plant r(H)ts, 
167: poisons, list of, 3017; re- 
production, 381 

Protozoa, 4087, 4089 ; characters of, 
1493 ; life phenomena, 270 
Protozoan, in Inology, defined, 380 
Protractor, 284 ; kinds, 4703, 4706 ; 

in plotting surveys, 369 
Proving, in bread making, 3283, .3302 
Provision merchants, business of, 4713 : 
see also tJrocefs 

Provisional protection of patent, 1610 
Provisions, economical purchase and 
use, 5581 ; in season, table, 1531 
Prunes, 6889 ; drying, dipping, soften- 
ing, 4846 ; nutritive value, 3599 
Prussia, history (1511 to 1786), 6.302; 
Napoleon’s victories over, 5238 ; 
war with France (1870), 5240, 
6445 ; war with Austria, 6445 
Prussian blue, 871, 3536, 5145 
Prussiate of potash : see Potassium 
ferrocyanide 

Prussic acid : see Hydrocyanic acid 
Pseudo-aconitine, powerful poison, 4012 
Pseudo-astatic governors, 2020 
Psotidopodium, 276 ; of amoeba, 4088 
Psychical activity, definition, 6259 

— energy, unrelated to physical, 6466 

— research, 3287 ; ghostly phenomena, 

3625 ; telepathy, etc., 3661 


Psychics, distinct from the physics, 
4450 ; value, 5532 
Psycho-physics, theory, 2014, 2694 
Psychology, 3287, 3382, 365, 3661 ; 

comparative, value of, 4123 ; dic- 
tionary of, 2015 ; differentiation 
from physics, 1563 ; in evolution 
theory, 1588, 1705; relation to 
biology, 1 37 ; relation to physio- 
logy, 97 ; subconscious mental 
activity, 3183 

Psycljo-physical interaction, and paral- 
lelism, 6536 

Ptcranodon, skeleton, plate facing 2005 
Pteridophytes, cliaracteristios, 165 
Pteropod, muscular fins, 3113 
Ptolemy Philadelphus, strife with Cleo- 
patra, 1514 

Ptolemaic system, in astronomy, 61)8 
Ptolemy's theorem, In geometry, 5636 
Ptomaines, discussion of term, 3826 : 

see. Alkaloids, animal 
Ptyalin, 577 ; action on food, 674, 
3706 

Public, analyst : see Analyst, public 
Public health and hygiene, 2663 ; local 
government duties, 316; London, 
319 ; officials, salaries, 82, 607 ; 
women's work, 700 

Public Health Act (1875) provisions, 
1978, 2422, 6213 

Public Health Acts, urban district 
powers, 316 ; Ireland, 317 

— houses, free and tied, 3734 

— libraries: see Libraries, public 

— sch(X)lmaster, qualifications, 0476 

— sch(K>l8, hoarding - houses, 6477 ; 

masterships, 6476, 6477 

— speaking, voice production, 2538 
Publicans, business of, 3735, 3737 
Pudding-stone, structure, 897, 1072. 

1073 

Puddings, 1485 ; recipes for, 2001 
Puddle wall, of earthen dam, 4333 
Puddled bar, in iron working, 232 
Puddlcrs' mine, in iron refining, 232 
Puddling iron, 232, 1044, 4035 ; furnace, 
232, 4636 

Puering leather, 3010 
Pug-mill, brick, 643, 1281, 1823 
Pugging, in floor construction, 4446 
Pullets, rare of, 5093 ; feeding, 5433 
Pulley, diameter of, and speed of belt, 
3269 : with belting, 962 ; blocks, 
684, 834 ; cone, 5212 ; high speed, 
governors, 2021 ; key -grooving, 
3404 ; metal, in belt driving, 3532 ; 
practical applications, 687, 834 ; 
systems of, 685 ; in theory of 
machines, 684 ; of sliaft belts, 
5353 ; types and speeds, 3423, 
3424 ; in wire rope driving, 5355 ; 
use of geariiig cliain, 4000 
Pulling, in flax preparation, 1385 
Pulling-over, in bootmaking, 4541 
Pulmonary artery, anatomy, 953, 955 

— eirculatioii, account, 1192, 1195 

— veins, 955, 956, 957 

Pulp cavity, of human teeth, 576, 578 

— papermaking, treatment, 6393, 6398 

— papers, for walls, 5827 

— yarn, manufacture, 6400 ; uses, 6400 
Pulper, in agriculture, 1847, 1849 
Pulse, human, 1194 ; beats, 1192 

— plants, 874 ; kinds and cultivation, 

4962 

— in tonic sol-fa, 807 

Pulsomotcr pump, 1824, 5932 
Pumice, classification, (exture, 1008 
— stoiie, structure, 1006, 1037, 6573 
Pump, air: Air-pump 

— centrifugal, principles, 1686, 1687, 
1808, 6060 
— ilredging. 5336 
—engine, 4427, 4428 
— force : see Force-pump 

— liandle, carriage, 2820, 3124 

— hydraulic, 5677, 5678, 5679 

— oil -extracting, 3191 

— rotary, construction, 1686, 1687 
Pumping, appliances, 1824, 1825, 1826 ; 

dock construction. 6496 ; engines, 
6034 ; windmill power, 6061 
Pumps, principles, varieties, and work- 
ing of, 1080, 1141, 5931, 6060 ; 
books on, 5596 
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Punch, use, 3108, 3388 ; mechanical 
action, 4584, 4585 ; temper, 4746 

— cartridge manufacture, 66J5, 6617, 

— centre, form and use, 4555, 4586 

— in dressmaking, 185 

— mason’s, 2857, 2839 

— props, in mining, 3457 

— shoemaker's, 387« 

Puncheon, quarrying tool, 532 
Punching, 2987, 2990, 3095, 3097 \ In 

bootmaking, 4437 ; liydraulic 
machinery, 1222 ; machine, 3105 

— in telegraphy, 438G 
Punctuation, book on, 6352 ; in business 

letters, 6351 ; compositor’s marks, 
5158 ; English, 1471 ; French, 
449 ; German, rules, 4363 ; Greek, 
5375 ; laws of, 1338 ; in printing- 
otticos, 5460 ; Spanish, 2041 ; 
in typewriting, 1696 
Punic wars, 1204, 1381, 2946 
Punishment, determinism, theory 2996 
Puiijaub, province, India, 2820 ; pro- 
ducts, 5380 

Pimlato, violin bowing, 2742, 2743 
Pupil, of eye, anatomy, 2400, 2952 
Pupil teachers, in elemeiitary schwjls, 
6474; under L.f'.r., 1679 
Purbeck marble, 533, 535 
Purchase department, factory, 6039 

— record book, 6522 

*' Purchases, ” of ropes, 6408 
Purfling, violin, 2/2/ ; tool, 0705 
PnrUinje's tlgurrs, in optics, 3181 
Purl, in sewing, 153 
Purlins, of king post truss. 4240, 42M ; 

roof, 5792, 5793 ; trussed, 42.53 
Purple dyes, 5905, 5907 
Purple madder, pigment, 871 
Purpose, in grammar, Phiglish rule.s, 
756 ; Latin, 1183 

Purser, mercantile marine, (3365, 6800 
Pus, corpuscles, in, 953 
Pusher, of lace loom, 4881 
Puss-moth, 3513, 3515 
Putrefaction, bacteria of, 3536 ; causes 
of, 2851, 2878: of food, 5403 
Putty, tire-resisting, 1036 ; glazier's, 
composition and nae, 5838, 5839 
--lime, in ganged work, 1953 

— in plastering, manufacture, 649 

— powder, composition and u.se, 10.36 
Pygmies, African, 3278, 3279 
Pylon, Egyptian architecture, 2521 
Pylorus, 576', 578 ; in digestive pro- 

ce.ss, 674 

Pyramid, in drawing, 1 7 17, 1749 ; geo- 
metrical problems, 2000 ; perpen- 
dicular and slant, 4522 

— in sheet-nietdl, draw’ing, 4522*-4526 
Pyramidal cell, cause of knee-jerk, 2994 

— dgtires, apex inaccessible, 4525, 

4526 

P3rramids, Egyptian, 419, 2520 ; 

approximate date, 2519; brick 
of, 1278 ; mortar in, 1458 
Pyrene oil, production, 1032 
Pyreniios, t^rance, 1082, 2232 
Pyrethnims, culture, 6320, 6491 
Pyrites, bumers, construction, 4620 
Pyrites, copper, 708, 4127 
Pyrlte.s, iron : see Iron pyrites 
Pyrogallol, 3822, 5366 ; uses, 5467 
Pyrography, in cabinet making, 6584 
PycoJigneous acid, preparation, 3021, 
5464 

Pyrolusite, 6742 ; chlorine, 4776 
Pyrometer, in galvanising, 6169 ; use 
and consfnietion, 4468, 6129 
Pyrope (stone), 5833, 5855, 6742 
Pyrosoda, use and cost, 6680 
Pyroxylin, nianuf.actnre, 3140, 5470 
Pynhotite, nickel ore, 5981, 6742 
Pythagoras, on 8ha;)c of earth, 34 ; 

sound ratios, 231 1 ; theorem, 5043 
Pythons, limbs, crushing power, 2678 

QUAD, in telegraphy, defined, 4668 
Qnaderno, in bookkeeping, 1467 
Quadrant, in astronomy, 6244 

— in mathematics. cxpJalned, 13 
Quadratic equations : see Equations 
Quadrilateral, 4330 ; propositions on, 

4723 

— figures, geometry of, 496 
Quadruped, characteristics, 30, 136 


Quadniplex circuit, telegraph, 4668, 
4609 

Quail, 2212 ; carving, 5034 
Quantitative chem.stry, origin of, 60 
Quantity surveying, nature of, 6506 
Quantity surveyor, 1911, 6505 
Quarantine certificate, ship’s, 6806 
Quarries, legislation, 1978 ; stone, 528, 
532; working, 2375. 2847, 2965- 
2960 ; ventilation, 3768 
Quartering, timber, 52 , 3544 
Quartermaster, Army, 4030 ; marine, 
6804 

Quartz, 6742 ; in building stones, 529, 
530 ; crystals, plate facing 1346 ; 
disintegration, 1813; fundamental 
form, 767 ; gold deposits in, 360 ; 
precious shine, varieties, 5853, 
5855 ; refractoriness, 3941 ; sand 
in flrebrick.s, 1285 

— glass manufacture, 4931 
Quartzite, 1075; road material, 2182 
Quaternary rocks, order, 2067 

Quay, walla for dock, 6494 
Quebec, bridge, diniension.s, 2739, 
2740 

— province, agriculture, 3205 ; geo- 
graphy, 4068 

Qiic(>n bcc, 5957, 5059, 5960 

— cells, of beeliivc, 5958, 5960 

Qiieco post, roc‘f truss, 2446, 2447, 
2497, 2499, 4251, 4252 
Queensland, economic conditions, 5660; 
export trade. 3237 ; farming, 3237 ; 
gcograpliy, 3700, 3701 
Quercia, Jacopo della, sculptor, 3076 
Quercus and varieties : see Oak 
Quick head, in jointing 3845, 3818 
Qtiicklime, 60, 814 ; in brickw’ork, 647 ; 

in farming, 257 ; slaking, 1457 
Quicksilver : xcc Mercury 
Quill feathers, sources, treatment, uses, 
6609 

— lace, making, 5620 

Quillaiu, source and iise.s, 5781, 6068 
Quillwort, structure, habitat, 148 
Quince, oil, source, 5469 
Quinine, 4012, 4286, 6067 ; source, 354, 
4012, 4286 : see also Cinchona 
Quinsy, symptoins and treatment, 6133 
Quitter, in horses, 2021, 2622 
Quoins, use in building walls, 3033, 
3035; binding <»f, 2/77 

— compositors*, 5457, 5459 
Quotation niark.s, in letters, 6.352 
Quotient, in arithmetic, explained, 91 
Quotition, division process, 229, 230 

R in shorthand, 580, 837 
Kabbi, diploma, preparation for, 6602 
Rabbit, 2155 ; Australian pest, 3698, 
3702 ; carving, 5934, 5935 ; choos- 
ing, 1228; dietetic value, 3311; 
digging claws, 1871 ; fnr and skin, 
6428 ; teeth, skull, 1762 

— down, upholsterers’, 6715 
Rabelais, Francois, autlior, 2962 
Rabies, Pasteur’s treatment, 3274 
Raccoon, 1764 ; skins, 6428, 6430 
Race-development, bacteriological, 

6782; evolution, 1705 
Racehorses, 2073 ; breeding, 827 
Races, African, 3279 ; S. African, 3586 ; 
Asiatic, 2716 ; bacteriological evo- 
lution, 6782 ; ethnology of, 627 
Rack, 3921, 3922 ; in railway construc- 
tion, 3814, 3815, 3816 

— bench, circular saw, 6143 

— railway, construction, 2275, 3814 ; 

in United Kingdom, 2276 

— stmb railway, 3816, 3817 

— tail, of clock, 5883, 5884 
Racking back, in wall building, 2385 

— square, use in brewing, 6057 
Radial winding of dynamo, 1322 
Radian, in trigonometry, defined, 6085 
Radiation, 4000, 4093 ; animal heat, 

1900; in design, 5819; human, 
440 ; laws of, 2060, 4094 

— pressure and gravitation, 939; of 

light, 038 ; of moving body, 3619 : 
see also Light, pressure of 
Radiators, electri(k construction, 3031 

— water-heating system, 6017, 6022 
Radicle, oj barley, In malthig, 874 

— plant, 347, 350 ; wheat, 913, 916 


Radio-activity, and aWogenlsls, 2654 ; 
earth's crust, 2061 ; human, 4,'* 40 ; 
of metals, 4104 ; universality, 
2029 2031 

Radinhes,* culture, 2031, 2032 
Radiolarians, description, 4088, 4089 
Radiometer, 938, ^3.9,1266 
Radish, 352 ; culture, 6675 

— wild, weed, 1378 

Radium, 2027, 2395, 4104 ; action on 
living matter, 2030; alpha rays, 
2028,4104 ; analysis and synthesis, 
4131 : antiseptic, 2030 ; beta rays, 
4104 ; compounds, 2030 ; Mme. 
Curie’s experiments, 2028 ; dis- 
covery, 203, 1297 ; disintegration 
theory, 2020, 2393 ; duration, 

1916; effect on physical dogmas, 
313; electrons in atom, 2295; 
energy, 4105; emanation, 1916, 
2392, 2553, 4105 ; cvohition, 239, 
1916; gamma rays, 2028, 4105; 
heat rays, 2028, 2393 ; and inertia, 
424, 2063 ; instability of atom, 
2295 ; and Rfintgen rays, 2028 ; 
spectrum, 2027 ; in snn, 2553 
Radius, of circle, definition, 4208 

— human, 1708, 1709 ; of rhinoceros, 

horse, tapir, 1179 

Raeburn, Sir Ueury. painter, 4.392, 4.39.3 
Rafters, construction and varieties, 
4247, 4249, 4253, 5794 
Rag boiler .and cutter, paper, 6278 

— tearer nmdiine, 2897 

Rags, in iiajier manufacture, 6225, 
6278; in textile industries, 2897 
Rail mill, arrangement, 6019 

— section, in plating-shop, 3096 

— welding, tramway, methods, 37.52 
Railing, in ina.sfunry, 30;f8 ; fixing. 5795, 

5797 

Ralls, of do(>r frame, 5179, 5/81 

— in railway construction, 3429, 3607 ; 

arrangement at small station, 3616; 
construction and laying, 3252, 
3254 ; cross-over arrangement, 
3609 ; expansion and contraction, 
1500; fractured, examination, 
6103 ; function, 3436 ; guide, use, 
3609 ; joints, 3607 ; " keying up/’ 
4591; laying, .if. 1/, 3432; length, 
34.37 ; nickel sttjel, use and wear, 
5019 ; steel for, 4747 ; steel, 6019 ; 
stiffness, 3607 ; tests, 3607, 3962 ; 
wear of, 3437 ; weight, 3611 

— of tramway, setting, 3751, 3752 

— in vehicle construction, 28.30 

— of waggon, light, 2829, 2830 

— of window sash, 5183, 6184 
Railway beetle, emi.sslon of light, .3511 

— carriages : see Railway rolling stock 

— companies, administrative depart- 

ments, 4227 ; clerical staff, 4230 ; 
election of directors, etc., 4227 ; 
engineers, 4231 ; general manager, 
duties, 4227 

— construction, 157 ; books on, 3908 ; 

cost, 3052 ; embankment, 3253 ; 
coach, rails, 3429 

— engineer's ins])ectioii, 4593, 4594 

— rolling stock, axle-boxes, 3265 ; 

axles, 3325 ; bogle frame.s, 3121 ; 
brakes, 960 ; construction, books 
on, 3908; design, 2555, 2727; 
double-decked cars, 2462 ; heating 
and lighting, 3025 ; makers, em- 
ployment conditions, 2053 ; ma- 
terials, 2827, 3906 ; passenger, 
2462 ; springs, 2726 ; ventilation 
problem, 3024 ; wheels, 3126 

— stock, 3483, 3484 

— stations, 3010 ; paving, 2181 ; roofs, 

2448 

— waggon makers, employment, 2653 
Railways, block system, 4686 ; branch 

line enterprise, 2276 ; British 
mileage, receipts, etc., 2274 ; 
cartage departments and staff, 
5070 ; catering, 4810 ; Colonial 
appointments, 3648 ; earthworks, 
3171 : eoonomica, 3061 ; engineer- 
ing books, 5595 ; laboratories, 
5102 ; maintenance cost and re- 
ceipts, 2276, 3054 ; merchandise 
traffic, 5068-5073 ; mileage total, 
1517 ; relaying precautions, 4592; 
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^rvantB, occupations, 4380 ; shops, 
carpentry, 4646 ; speed, 2274 ; 
statl divisions and conditions of 
employment, 4379 ; suburban, 
tramway competition, 2274 ; siir- 
veyint?, 159, 801 ; traflic apparatus, 
regulation, 4692 ; as transport 
means, 2154 ; waggons, and car- 
riage of goods, 5068 ; water sup- 
ply and tanks, 3615 ; waterways, 
3613 ; working expenses, 3053 

— electric, 2083, 2090; books on, 

4298 ; continuous-current system, 
2088; first invented, 128; modern 
forma, 2085 ; intra-urbaii, 20SS ; 
multiple unit control, 2090; 
single-pliase system, 2088, 26S.9 ; 
speed, 2274 ; third-rail and over- 
head wire compared, 2276, 2277 ; 
three-phase system, 2089, 2090 ; 
ZoBscn experiment, 131 

— mountain, 22/6 ; adhesion and rack 

systems, 3817 ; construction, 38l.'i ; 
rack railways, 2275, 3814 

— tube : see 'I’ube railways 

Bain, blood-coloured, 1500 ; effect on 
building stones, 2835 ; formation, 
impurities, 4155 ; as geological 
agent, 1501 ; health value, 3799 : 
mechanical effect, 1503 ; influence 
of mountains on, 4495 ; meteon*- 
Jogy, of, 294, 295, 4021 ; relation 
to climate, 4494 ; and w'ater 
supply, 4026 

Hairibow, cause of, 2899, 2900 
Baindrop, formation, 1900; Internal 
retlection of light, 2900 
Bainfall, 294, 4026 : affected by forests, 
1814 ; available, defined, 4025 ; 
calculation, 781, 4024 ; cause, 294, 
2'J5, 296 ; distribution and lliic- 
tuation, 295, 4494 ; drainuge, 738 ; 
economic value, 5660 ; effect on 
rivers, 5113 

Bain-gauges, varieties, 4024, 4994, 6131 
Kain-water, 4155, 4158, 5760; drain- 
age, 509, 738, 780 

Raise, in mining, 3194 ; drills in, 3457 
liaised beaches, cause, 1353 
Raisin, 4844, 4876, 6890 
Raising, in sheet -metal w'ork, 4521 

— gig, clotli making, 4109 

Rake, haymaking, 1630 
Raleigh, Waller, author, 2687, 2962 
Bam, hydrauJic, 3220, 1685, 1686, 

5932 : of force pump, 1081 
JRamic, 720, 5118; cultivation, 720; 
dyeing, 5639 ; fibres, 68 ; making 
silver, 1724 ; manufacture, 721, 
1390, 2100 ; microscopic structure 
of fibres, 821 ; substitutes, 817 
Rammer, small bencli, 2457, 2458 
Ramming, in founding, 2J1I, 2360, 
2540 ; soft. 2547 

Ramsay, Sir. W., discovers argon, 237, 
1222 ; discovery of helium in 
radium, 1916; on practical train- 
ing, 150 ; atom synthesis, 4131 
Banding, in basket-making, 5489 
Random work, masonry, 1452 
Range, kitchen, management, 1226, 1227 
Ranges, in building, setting, 2390 
R-anging poles, in levelling, 374; In 
traversing, 368 

— rods, in surveying, 262 
Rangoon oil, defined, 5915 
Runkine, Prof., on Boyle’s law, 1805 
llansome’s artificial stone, 1520 
Ranteriug, stitch in tailoring, 1111 
Rape of the Sabines, 1057, 1135 
Rape, classification, 352; cultivation, 

1198; as livestock food, 2704, 
2905 ; micrograpiis, 3893 

— cake, as livestocik food, 2704, 2908 ; 

as manure, 589, 590 

— oil, source, 1032, 4831, 5118, 6148 

— seed, 1032, 6118; oil extraction, 

4830 

Raper's tables of logarithms, 6659 
Raphael, architect, 3676 ; painter, 
place in Italian art, 3706, 4290 
Raphldes, function, 1114 
Raritan river, swing bridge, 2887, 2888 
Rasp, bamboo, 6726 

— plumber’s, 6029, 6030 


Raspberries, canning, ^848 ; culture, 
6678, 6890 ; pulp, source, 4846 
Rat, omentum, 437 ; owls’ food, 2498 
Hatciier, in motor vehicles, 3128 

— brace, in screw driving, 3844 
Rate-collecUiig, bookkcepiiiK, 3569 

— collector, qualifications, d dies, 1069 
Bates, on balance-sheet, 2882 

Ratio, in algebra, 3696 ; in arithmetic, 
990 ; in geometry, 5337, 5635 
Ratiocination, in logic, defined, 6098 
Rat ionalism, in logic, 6097 
Rattlesnakes, structure of rattle, 2679 
Rave, of vans, 2828, 2829 
Raven-Hill, L., pen-drawing, 6103 
Rawhide belts, tannage, 3712 
Ray, llsli, 3065, 3067, 3069 
llayleigli, Lord, scientific work, 36, 
12J6, 2316 

Rayoniiant style. In architecture, 3374 
Razor slicll, boring apparatus, 3285 
Razors, manufacture, 6477, 5478 
Reaction turbines, principle, 1689, 1691 
Reactions, ctiemical, 4403, 4406 
lUiaders, proof, duties, 4430, 5026, 5459 
Reading, educational value, 103, 2937 

— aloud, art of, 1474 

Reagents, in chemical analysis, 4404 
Real, in philosophy, unknowableness, 
6465 

Realism, in art, 18i. , Chaldean, 2057 ; 
prehistoric Kgyptian, 2519 ; Greek, 
2930, 2931 ,* Roman, 2933 

— in philosophy, crude, 6253 
Reality, eternity of, 6539 
Reamering, 3095, 3097, 3317, 3319 
Reamers tools, types, use, 4264 
Reason, imiK>rtance in theory and 

practice, 1946 ; non-rational side 
of life, 3288 ; psychological account, 
2803 ; in relation to judgment, 2404 
Reaumur scale, 6128 
Rebate, use, 3385 
Rebating masonry joints, 3035, 3039 
Recapitulation theory, stated in rela* 
tion to mental growth, 3117 
Receiver, telophonic, 5681 
Receiving order in bankruptcy, 3509 
Receptacle, of flower, 346, 347 
Reciprocal diagram, machine design, 
415 ; stress, girders, 2227, 2228 
Reciprocating maclunes, types, 3319 

— tools, 3401 
Recitative, in singing, 6340 
Recognition, methods, animal, 2157 
Recreation, 2672 ; value, 2548 
Rectangle, geometry of, 496, 1086, 

1251, 1442, 1549, 4723 
Rectangular measure, 6085 
Rectilineal figures, 4330, 5472 
Rectum, 576, 579 
Recurring decimals, 884 
Red cedar, W(X)d, 55 
Red Indians, distribution, 627, 629 
Red lead, 1160; manufacture, 358, 
1036, 6144; uses, 5988 

— pine, timber of, 64 

— poU cattle, 432, 2236, 3666, 3667 
Red Sea, currents, 558 

Redcaps, fowls, points, 4957 
Red-hot poker, 355; culture, 6529 
Redoubts, construction, 0271, 6272 
Red-shortness, iron, 234, 1045 
Reducer, photographic, 6682 
Reduction book, in surveying, 368, 
370 . 

— of plans, 370, 371 

— in sculpturing, 1676 
Redwoods, kinds, as dyes, 5906 
Reed, sewage plant, 4549 
Reeds, in joinery, 5179, 5181 
Reed-fish, classification, 3066, 3071 
Reef, saddle, 2377, 2379, 3304 
Reeling, Bilk, 2598 

— textile, 2592, 2593 

Reflect Jon, importance in education, 
2136; ill Locke's theory, 2013 

— in light, 2599, 2735 

— sound, 2101 

Reflex action, 2301, 2303 ; mutual inhi- 
biiion, 22.58; psychotogical im- 
portance, 2117 ’, and instinct, 2694 ; 
and will, 2093 

— arcs, scheme of process, 2117 
Retorm Bill, history of, 5686 
Reform, function of sociologists, 4276 


Reformation, coincidence with Re- 
naissance, 3520 ; historv of, 3650 
Refraction, in light, 2699, 2732, 6666; 

double, 2432, 3849, 4554 
Refractive index, definition, 2732 
Refractory materials, properties. 3941 
Refreshment stalls, railway, 4801, 4810 
Refrigeration, 4316 ; food, 5403 
Retrisrerator, brewery, 6058, 6059 ; 

creamery, 4281 
Refuse, house, disposal, 5020 
Refuse destructor, types, 5020, 5026 
Regelation, phenomenon of, 1740 
Register stove, construction, 0015 , 6017 
Registers, voice, 6182, 6193 
Registry oHice, servants’, 609 
Regulator verge watch, 6081 
Reichert’s gas regulator, 241 
Reid, J)r. Archdall, on alcoliol problem, 
5672 ; on bathrnic evolution, 652 ; 

• on heredity, 1313 ; on mental 
evolution, 1589, 1705 ; reversion 
theory, 1180 

Reinforced concrete, 1654 ; compressive 
stress, 1646 ; tensile resistance, 
1646 ; uses, 1643 
Reins, manufacture, 4886, 5057 
“ Reis^rt ” filter, 5765 
Relapsing fever, bacillus, 6260, 6541, 
6542 

Relay, telegraphic, 4606, 5065, 5244 

— frame, telephonic, 6079 

Reliefs, ancient Egyptian, 2520, 2.523 ; 

Roman, 2933 ; in sculpture, 1345 
Relief : see Poor Law 
Relieving officer, duties and salary, 1927 
Religion, influence on art, 2480 ; books 
on, 6773 ; in Assyria, 501 ; 
Babylonian, 17; Egyptian, 419; 
in Egyptian art, 2519 ; established, 
social force of, 5531 ; geographical 
distribution, 629 ; Hindu, 418 ; 
history of, 6771-6774 ; influence 
on development, 1700 ; of the lower 
races, 1788; lowest forms, 6771 ; 
practical versus metaphysical,6256; 
primitive, 6771, 6772 ; relation to 
morality, 0773 ; service of philo- 
sopliy to, 6539 ; women, attitude 
to, 4825 

Religious iiersecution, Buckle on, 5099 ; 

in history of religion, 6774 
Rembrandt, painter, 724, 3949, 4299 
Remedies, of disease, 5541, 5699* 
psychic, 5699 ; syntlietic, 5469 
Remington typewriter, 1528, 1529 
Remittent fever, cause, remedy, 6260 
Renaissance, 3519, 365(i ; effect on 
ICnglish language, 1769 ; painting, 
3793 

Rendering, plastering, 649, 780, 5499 
Rennet, 4491 ; action on milk, 4489 
Renold chain, 4001, 4002 
Rent, on balance-sheet, 2882 ; dead, 
3919 ; ground, 5153 ; proportion 
to income, 3222 

Repeat, in design, 5819, 5977, 6592 
Repeaters, telegrapiiie, 5535 
Rei>eating coil, of telephone, 5878 
Repertory, acting companies, 6865, 
6868 

Repetition, geometrical, 2321, 2321 
Reporter, 4190 ; salaries, 162, 4431 
Reporting, newspai>cr, 4190 
Repose, angle of : see Angle of friction 
Rppoiissi's art metal-work, 5526 
Reproduction, 1315 ; ainceba, 278; by 
fission, 381 ; of plants, 340 

— fee, phoUigraphs, 6087 

Reptiles, 29, 30, 2677, 2798 : extinct, 
skeletons, plate facing 2065 
Re-saws, circular and band, 6145 
Reserve account, bookkeeping, 2881 

— Navy, service with, 4265 
Reservoirs, water, 4025, 4333 ; rein- 
forced conrreto, 1554, 1555 ; ser- 
vice, 4334 : sewerage, 4462 ; sta- 
bility of walls, 2573 : see also Dams 

Resin, 810, 1034, 6147 ; as electrical 
insulator, 672 ; in varnishes, 5835 

— fossil, 1034, 5147 
Resins, varieties, uses, 6890 

Res sta \cc, electric, 070 ; heating 
effejts, 3030 

— box, electric, 790 

— stnse of, in psychology, 2118 
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Resolution of forces, 411, 551, 1833 
Resonance, electric, 3749; in sound, 
2104 

Respiration, 1204 ; aid to OIckkI circula- 
tion, 1194 ; control, 5841 ; day 
cycle in health, 4529 ; physioloffy 
of, 441, 1299 : of the skin, 1422 : 
see also Breathiu£t 

Respiratory organs, 196 ; diseases, 6132 
Rest, value and curative effect, 4389 

— in physics, 553 

Restaurants, catering and management, 
5583 ;• tourist vocabulary, 1962 
Restoration, the, 4702 ; drama, 1149 
Rests, lathe, kinds, 49J3, 4919 

— in music, 38, 921 

Resultant force, defined, 411, 1833 
Retail business, expansion, 5025 ; man* 
agement, organisation, 6054 

— shops, wholesalers’, 6208 

— trader, definition, 43 

Retaining walls, hydrostatics of, 107Y ; 

stability of, 257/, 2573 
Retardation, in nu*clianies, 4 23 
Retina of eye, 2402, 2403^ 20.53, 3226 ; 
mechanical function, 839, 1882 . 
persistence of image, 2259 ; physics, 
3223 

Retort furnace, princiide, use, 4126 
Retronssage, in printing etching, 6112 
Retting, of liax, 1168, 1335 ; silk, 1246 
Returns inwards, 1572, 2272 : 

Return-tube boiler. 3093-3100^ 3105 
Reveals, In building. 2173, 2174, 2176 
Revenue oltice, department.s staff, 2765 
Reverberatory furnaces, 232, 3108, 4125, 
4120 ; cfuistruction and working, 
2864 ; for galena, 357, 358. 59Sfi 
Revers, in tailoring, making, 2206 
Reversion, biology, 1180, 5389 
Revetments, military engineering, 6271 
Revolution, French, history, 5111 
Revolvers, type.s, cuiistraction, 6415 
Reynolds, Sir.Ioshua, painter, 4393 
Rhaimuis, dye, 5907 ; bark, 6068 
Rhea : see Ramie 

Rheostats, telegraphic, 4606, 5241, 5242 
Rheumatic fever, 5540, 6038 ; cause aud 
remedy, 3819, 5410 

— gout, causes, symptoms, 6038 
Rheumatism, remedies, 5469, 6068 

— in pigs, 2626 

Rhine, river, basin,' 456, 1838: coursei 
1835, in Roman history, 1830 
Rhine J’rovinces, 1975; architecture 
of, 3233 ; industrial area, 5826 
HhiiKK'eros, 1179, 1490, 1369, 1870 
Rhizome, of ferns, 1115, 1116 
Rhodes, island, 6447 ; sculpture, 2930 
Rliodes scholarships, 482 
Rhodesia, 3587 ; i>oliee, 3549 
Rhodfidendroiis, classification, 354 ; 
culture, 6316 ; nectar-guides, 730, 
731 ; poisonous to cattle, 2624 
Rhomboid, geometry of, 490 
Rhombus, 496, 4723 ; geometry of, 
1084 

Rhone, river, course, 1682, 1838 
Rhubarb, 6890 ; culture, 6675 
Rhumb-line, defined, 6665 
Rhus vennicifera, lacipier from, 6576 
Rhyme, first use in Hnglish comedy, 
1149 ; function in poetry, 306 
Rhythm, in po<*trv, 305 
Rib, Iniman, 1300, 1604 ; in siugiiig, 
6043, 6052 

— moulded, in building, brick for, 1949 

— vaulting, in mawmry, 3145, 3146 
Ribbands, in shipbuilding, 5617, 5740, 

5742 ; marking position, 5739 
Ribbon, stiffening and cleaning, 6040 

— tyi>ewriter, price and varieties, 1528 
Ribera, r)ainter, 3796, 4120 

Rice, areas of (niltivation, 4875 ; Chi- 
•livation, 2974, 2976, 5658 
climatic conditions, 4493, 4873 , 
cookery, 2335 ; dietetic valiiej 
3312, 3.599; digestibility, 3314 
starch, 4556, 5364 ; uses, 6890 

— meal, as live-stock food, 2704, 2909 
Richard I., 2914 

RJ(!hard II., reign, 3249 
Richard III., life and reign, 3603 
Richardson, Samuel, novelist^ 3129, 
Ricbclieii, Cardinal, career, 5110 
Rickets, causes, remedies, 5409, 6037 

G<f84 


Rickshaws, use, 2153 

Kiddles, drain-pipe, 5777 

Riddling, in fishing, 5314 

Ridge, of roof, 4253, 4870, 5135, 5187 

— plate, of roof, 4248 , 4249, 4250 

— tiles, roof, 4867, 4869, 4871, 4872 
Hiding, as means of locomotion, 2152 

— harness, dimensions of, 4 S86 
Ritlle, metal chasing tool, 5526 
Riflles, use in mining, 2959 

Rifles, tvpes aud const ruction, 64IS- 
6421 

Rifling, gnus, 6419, 6420 
Rigging, ship's, working of details. 6409 
Kighi, detector and obcillator, 3395 
Righi railway, construction, 3814, 3815 
Right angle, degrees, 6085 
Right-angled triangle, 494, 4330 
Right and left-handed, discussed, 3535 
Right ascension, in astronomy, 6245 ; 

in navigation, 6665 
liight ()f way, legislation, public, 1979 
Righting arms, of ship, 5970, 597 1 
Rigidity, of materials, 209 ; in me- 
chanics, 86, 1375 
Rigs, of sailing ships, types, 5393 
Rim, of imilcys, measurements, 3423 
Rimer, use. 5723, 5725 
Ring, in huilding, 2:186 

— doubler, thread inaiiufactiire, 2707 

— jewellers* manufa(‘ture. 58.59 

— Beginental, pattern, 2454, 2455 

— spinning frame, 2442, 2593 

— wooden, building, 3540, 5296, 5299 
RinglMine, in horses, 2622 

Ringed worms, description. 3956 
Rings, tree, rate of formation, 163 

— of traehea, human, 2144 
Ringworm, of cattle, 2627, 3672 ; in 

horses, treatment, 2622 
Rio Janeiro, description, 423S 
Rip saw. use, 3385 
Kipper, slater’s, 4865, 4867 
Rippling, of flax, 1385 
Risers, of stairs, mitring, 5300, ; of 
stone staircase, 3241 
River, 4.56 ; bank faring, 5579 ; bar- 
riers to commuiiicatioii, 4496 ; 
bed, cross sections, 5115 ; as 
cominunication routes, 4496, 4517 ; 
effect on civilisation, 4497 ; dis- 
charge, 5114 ; embankments, 1643; 
engineering w^irks, 5333 ; exca- 
vation by, 2634 ; full rate and 
maximum fimids, 5115 ; gauging 
methods, 5114 ; hydraulic mean 
depth, 5115 ; hydraulic works, 
5333 ; industrial centres, 4497 ; 
irrigation, 4497, 5483 ; power 

source, 4495, 4497 ; sediment de- 
posit, 1816 ; self purification, 4547 ; 
sewage pollution, 4547 ; slope, 
influence of, 4495 ; tidal divisions, 
5113; tidal works, 5333, 5334; 
tide observations, 1017; velocity 
finding, 5116 ; water characters, 
4156, 4158 ; weirs, 5333 ; width, 
measurement, by military engineer, 
6265 

— police, duties, 1407 

Rivet, eiigiiieer’s, types. 3003, 3007, 
5351, 5352 ; in ironwork, 2463 ; 
in sheet metal work, 5352 ; ship- 
building, types, 5922 

— holes in girder, 450 ; in metal plates, 

3095 ; of ship plates, 5919, 5739 
Riveter, pneumatic, 2803, 1807 ; port^ 
able hydraulic, 6876, 5678 
Riveting, 5351, 5352 ; by compressed 
air, 5350 ; hydraulic, 1220, 3100, 
3105, 3106 ; plating, 3095 ; In 
shipbuilding, 5917, 5922, 6221 
Road, rule of, in driving, 4185 
Roads, 157 ; conatniction and main- 
tenance, 2179, 2182, 2422; drain- 
age, 572, 2323 ; gradients, 591 ; 
laws and regulations, 1977 ; mili- 
tary, 6270 ; steam rolling, 2325 ; 
watering, 2320 

Roasting, in cookery, 1486, 1487, 3313 

— in metallurgy, 231, 356, 3836 
Robbia, Luca della, sculptor, 8676 
Robe, layette, 3744 ; princess, 2205 
Robespierre, revolutionist, 5112 
Ri>bey ftmith, bevel gear cutter, 3631 
Robey Hjiring governor, 2029, 2020 


Kobiirite, ingredients, 6765 
Rochelle salt, 3704. 4782 
Rochester mechanical recorder, 6643 

— dove, classification, 2211 

— elm. timber, 56 

— garaen, making, 0315, 6320, 6321 

— rose, classification, 352 

— salt, 1074, 4718, 5585 ; source, 1600, 

1817 

R(M‘kcr piet^e, of light waggon, 2829 
Rocket, smoke, drain testing, 783 
Rocking, in mezzotint engraving, 6289 
Rocks, bearing power, 330 ; breaker, 
3835 ; cutting and drilling 
machinery, 1826-1828 ; in founda- 
tions. 331 ; definition, 624, 896 ; 
disiiitegratioii, 1500, 1502 ; 

geological systems, 896, 2067, 

2253-2255 ; kinds, 2377 ; relative 
age of. 2066 ; sedimentary forma- 
tion, 1071, 1816, 1921; solidifica- 
tion of, 1816 ; stratified, mining, 
2581 ; tilted strata. 1921, 1922 ; 
weathering, 1500, 1501 
Rocky mountains, 4062, 4069, 5662 
Rococo, art period, 4118, 5521 
Rod, unit of measurement, 226, 1147 

— in door making, 5180, 5181 

— boring tools, mining, 2666-2669 

— fcirging, 207, 2984. 2987 
Uortentia, 1493, 1762; digging claws, 

1871 ; flying, 2037 ; swimming, 
2038 ; teeth, 577, 578 
Rodiu, M.. sculptor, 1675, 3729, 4395 
Rods and cones, of retina, 2402, 3226 

— - of t'orti, of ear, 2534, 2535 

-- in slide valve gear, 6140. 6141 
Rogers, Samuel, poet, 1304 
Roll, boiler making, bending, 3104, 
31(iC; construction, 3093, 3108 
Rolled j(ast8, as stanchions, 2198, 2199, 
2200; stability of. 1987, 1988 

— sections, in braced structures, 544 ; 

ill i>lating shi»p, 3096 

— steel piles, 2737 ; pulleys, 2022 
Roller, iu agriculture, 1847, 1848, 

1850 

— liearing, 964 

— bolts, of brougham, 2830 ; of 

splinter bar, oi>en carriage, 3125 

— ca.sting, 2338 

— feed benches, saw mills, 6145, 6146 

— felting machine, 2998, 2000 

— gin, 387, 388 

— Hyatt flexible, 4326, 4328 
Rolling bridge's, structure, 2886, 2887 

— friction, 958, 064 

— load, stress diagram, 2197, 2199 

— mill workers, employment, 2645 
Rolling stock : see Railway rolling stock 
Rotnainville, plaster quarry, 2850 
Koniaii architecture, 142; order, 2035 

— Catholic church, patronage of mar- 

riage, 5531 ; priesthood, 6603, 
4660 ; religious orders, 6604 

— cement, 648; manufacture, 1578 

— law, in England, 146 

— mosaic, iu modern flooring, 646 
Romance nations, ethnology survey, 

1790 

Romaiiesciue architecture, history of, 
3231 

Rome, 2231 ; touring, 948 

— ancient, architecture, 2134; art of, 

2931 ; basilicas, 3089 ; cause of 
fall, 3871 ; early Christian art, 
3089 ; pliilosophic barrenness, 
2012; roads, 1977 

— Kmperor of, (lerman title, 4398 

— history, to the tribunes, 1135; 

growth of the democracy, 1201 ; 
from last Runic war to death of 
Sulla, 1881 ; Julius (!a‘aar, 1513; 
to Augustus Ciesar, 1670 ; Augus- 
tan age, 1829 ; Claudius l^'cro, 
(talba, Otho, Vitellius, Vespasian, 
1937 ; Titus to Constantine, 2068 ; 
early Papal power, 2945 ; in 
middle ages, 4320 ; sack, 4322 ; 
capture in 1527, 4396; ceded to 
Italian rule, 6303 ' 

Romney, George, painter, 4393 
Romulus, and founding of Rome, 1135 
Romeo duplicator, 1698, 1919 
KOntgen rays, 3943, 4091 ; effect on 
cancer, 3617 ; tube apparatus, 4104 
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Roof, carpentry in, 4247-4254 ; con- 
ciretfl in, 332 ; copper sheeting, 
6035 ; flre>resisting, 4758 ; iron 
and felt, construction, 4872 ; lead- 
covered, construction, 5032, 6033 ; 
quantity surveying, 6511 ; re- 
inforced concrete, construction, 
1047; removal of, in building, 
309 ; slating, 4865, 4867; steel, 209 ; 
supported by posts, 425i, 4253 ; 
temporary, 4872 ; tiling, 4809, 
4870; timber construction, 1453, 
3454, 4247, 4249 ; ziiu* work, 5033, 
5035, 6168 

— In mining, definition, 2377 

— principals, putting together, 5702 

— tiles, 644, 645 

— trusses, 545; meelianics, 415; 

stresses in, 2446, 2447 

— of the world : Pamirs 

hoofing, felt, 1169; slate, 530; zinc, 

359 

Rook, 2210, 2495 ; nest, 2507 
Roosevelt, Theodore, ]h*efiident, P.S.A., 
5976 

Root, in algebra, 1818,2381 ; in nrith- 
met ic, i 264 : nee aino Powers 

— of eliord, in ninsie, 303 

— in grammar, explained, 117 

— climbers, deseription, 501, 50.5 

— crops, 3891, 49.')ft, 6673 ; cultivation, 

1230, 6673 ; culture in Europe, 
8 .j 6 ; market garden returns, 6836 

— hairs, explained, 168 

— rot, fungous pest, 4927 

— of plants, 767; of ferns, 1116; in 

mosses, 1312; mycorhiza, 503, 
505 ; shallow and deep, 503 ; in 
xerophytes, 727 

— words, Latin and (Ireek, derivation 

rules and derivatives, 6810 
Roofs, blower, descriplion, 1686, 1687 
R(jpe, cotton, use, 5;154 

— for driving, iiowers, diameters, 3427 

— fibres, 819, 1168 

— manufacture of, 1027, 2145, 5290 

— in mining, 3.308, 3560 

— testing of strength, 1699 

— trail, balloon, use, 3979, 3982 
and twine oi>eratives, 2652 

— v.’ire, 5173, 5355 ; on cranes, 545 ; in 

mining, 3766 

Rope-feed, of saw bench, 6144, 6145 
Rope-socket, in rope boring, 2845, 2846 
Rope-walk, described, 1028, 5291 
Rope-wheel, moulding, 2867 
Rosa Salvator, paintt?r, 4299 
Rosaniline, colours from, 3711 
Rose, 349 ; classification, 349, 353 ; 
climbing, 6322; culture, 6487, 
6490 ; designs, 5978 ; grown in 
Ihilgaria, 2167 ; j>erfume, 5469 
Rosechafer, description, 3510, plate 
facing 3361 

Rosenmry, culture, 6576 

Rosea of Jericho, seed -dispersal, 910 

Rosette, in botany, 171, 173 

— in millinery, Ince, 5621 ; styles, 5505 
Rosin : see Resin 

Rossetti, Dattte fSabriel, poet, 1437 ; 

pre-Uanhaelite painting, 4394 
Rotary drilling, petroleum, 6011 

— printing machines, 5869-5871 

— puddling furnace, 232 

— pumps, types, 1686, 6060 

— tools, milling and grinding, 3401 
Rotation, of crops, cereals, 872, 1199 

— In applied mechanics, 87 

— motion of, in physics, 315 
Rothamsted, agricultural experimental 

station, 1378 

Rofifera (wheel animalcules), 1492, 3058 
Rotor, induction motor, 1909 
Rouen, architecture, 3374 ; cathedral, 
3374, 3517 ; Henry V. of England 
besieges, 3463 
Rouge, use, 5528, 6573 

— matbles, plate facing 408, 533 
Rough cast, in plaster work, 648, 5502 

— cutting, ill building, 1951 
Roughing, in flax manufacture, 1386 
Roughness, coefficient of, in measuring 

stream velocity, 1576 
Uuirleau, in millinery, use, 4861, 5329 
ftoiimanin, ge<^aphy, 2105 ; econo- 
mic cnnditioiis, 5700 ; trade, 6709 


Round, tool, use, 3385 
Hound-nose chisel, 4151, 4152 
Rounding, ip wood-carving, 6046 
Round seam, in glove sewing, 5481, 5482 
Round-worms, description, 3956, 3958 
Rousseau, Theodore, painter, 4301 
Router, use, 3386, 5809, 5810, 6045; 

in veneer work, 6581, 6584, 6580 
Roving frame, mechanism, 2290 
Rowe, Nicholas, pi>et, 993; dramatist, 
1150 

Rowing, value as exercise, 4389 
llfiyal Academy, studentHhips. 16 i 

— Academy Sehotds of Art, 8'VH 

— Academy of Music, 163, 2024 

— Army Medical thorps, service, 38 tO, 

4031 

— College of Art; training, fees, 164 

— College of Music, 163, 2024 

— College ()f Surg(‘ons, (ienfal ex- 

aminations, 5709, 5770; P.H.D. 
examination, 701 

— Engineers, duties, 6265 ; officers’ 

pay. 4198, 4199; technical eraffs- 
lueii, 4030, 4031 

~ Female Sehool of Art, fees, 161 

— tern, 1116; eultiire, 6493 

— Institute of IMiblie Health, enrrien- 

liim, 697, 699 

— Irish Constabularv, 788, 1406, 

1409, 2.575 

.'larines. ]>ay, service, 4266, 4269 

— Military Academy, 4197 

— Naval KeK(‘rve, 0306 

■j- Seh(K>l of Art Needlework, lees, etc., 
323 ♦ 

— Veterinary College, T..on(ion, 163 
Koyalty, in bookkeeping. 3918 
Kultbed and gauged work, in building, 

19.50 1953 

Rubens, Peter Paul, painter. 3947, 3948 ; 

lan<iscap(‘ painting. 4299 
Rubber : see India-rubber 
Rubbing stone, in building, use, 1950 
Rubble, use for breakwaters, 6:435 ; 

in walling, 3034, 3035 
Rubies. artifl<’ial and reeonstrn<'ti‘d, 
.5853 ; distribution, 3772 ; pro- 
perties. 5852 ; souree, 5308, 5855 
Rnehings, in millinery, 968, 5621 
Rudder. 6227 ; wcKKlen and Dutch, 
2129, 2133 

Ruff, feather frill of, 2505 
Rugs, maiiufaeture of, 2897 
Kulir coalfield, map, 1974 
Rule, measuring tool, use, 4701, 4702 
Rules, plasterer’s, 5496, 5497 
Ruling, in b(x>kkeeping, 6522 
Rum, 3315 ; colouring. 4165 
Ruminants, 1761 ; climbing foot, 
1870 ; stomoehsof, 578 ; teeth, 577 
Run, in scaffolding, 1171 
Runners, insects, classification, 3363 

— in joinery, for drawers, 5294, 5295 

— of strawberries, function, 346, 347 
Running, physiological account, 1800 

— department, railway, 4593, 4595 

— stitch, 150, 33:t6, 4 J65 

Rupture, modulus of, 1258 ; of beams, 
1984 ; in building-stones, 1517 ; 
in materials, 1984 ; in metals, 
1396 ; timber, 1260 
Rural District Council, 316 
Kush, in basket -making, 5488 ; farm 
weed, 1378 ; sewage plant, 4549 
Ruskin, John, 2619 ; influence, import- 
ance, 2616 ; on learning to draw, 
109 ; prc-Raphaelitism, 4394 ; 
value of human produce, 4828 
Russia, climate, 2406 ; coalfields, 
5302, 5304 ; coins, weights and 
measures, 410 ; craniology, 1786 ; 
economic conditions, 5707 ; 
ethnology, 1790; geography, 
2406-2409; government, 630, 
4369; Ivory, 811; literature, 
3780 ; oil-wells 6008 ; population. 
628 ; timber, 54 ; tonring direc- 
tions, 1524 ; trade, 56.59, 5707, 
5825 ; w'aferways, 2406 ; woollen 
industry, 72, 221 

— history, Mongol supremacy, 218 ; 

to 15th century, 2948 ; invasion 
by Napoleon, 6238 ; wars with 
Oustavus Adolphus and (^harles 
X7J , 5397 : 1481 to Alexander I., 


6200 ; Alexander I. to 1907, 6301 ; 
wars with Turkey, 6447 ; Crimean 
War, 6692 

Russia in Asia, geography, 2716-2719 
Russian Turkestan, geography, 2718 
Russo-Japanese War, 6302, 6694 
Rust, fungi, life history, 1667, 1669 

— of iron, cause, 6571 
Rust’s vitrified marble, 534 
Rutherford, magnetic, detractor, 3898 . 

radium in earth’s crust, 2027 
Rutter, water filtration, 4097 
Riiysdael, painter, 4299 
Ryder, forging machine, 2991 
Rye, 874 ; climatic limitation, 4403 ; 
dietetic value, 3312 ; as cattle fcKid, 
2704, 2904, 290.5, ’.tSOt) ; fungous 
pest'^, 1667, 1669 ; uses, 4874 
Rye-grass, 875, 879 ; as hay, 1629 ; 
micrograph, 5365 ; as livestock 
food, 2904. 2909 ; sewage crop, 4549 
Rye House Plot (1683), 4762 
Ry<‘land sheep, 2361 

8, in shorthand, 427, .587 
Sabieii, timber, 57 

Sabines, R{)inan wars, rape, of, 1135 , 
plate facing 1057 

Sable hair, for brnslie.s, 1020, 6106, 
6109 

Sables, furs and skins, 6427 
Sae<‘1iurin, 5470 
Saeeharometers, use, 62.30 
Saerhar.imgces : kcc Yeast jdant 
Saeeharose, sonrees, ])roperties, uses 
3652 ; plnfe faeing 3649 ; change 
to de.xtrose, 3706 

Saccopharynx, fish, description, 307f» 
Sucenhna, parasite of crab, 3807, 3809 
Sacking, paper yarn, 6400 
Sacipic, shapes, 3591 
Sacred bark : see (’aseara sagrada 
Sacrum, human. 1604, 1605, 1708 
Saddle, manufacture, 5339. 5312 
Saddle boiler, construction. 6017, 6018 

— of lathe, forms, 4913, 4914, 4923 

— of planing machine, operation, 499t* 

— use in pottery manufacture, 5237 
Saddle-cloths, material and use, 5342 
Saddlebags, upholstering, 6718 
Saddlers, business of, 47, 4890 
Saddler's wax, recipes, 5646 
Saddlery, manufacture, 5057, 5151, 

5339 ; machines and tools, 4783, 
5057 

— makers, employment conditions, 264G 
Safes, lead, making, 5629, 5632 
Safety, factor of, 86, 1258, 1395; 

in machinery, 206, 210 
Safety-lamps, mine, 3768, 3769 

— valve : see Valve 
Safflower, in dyeing, 5907 
Saffron, source of colour, 5145 

Sage, classification, 354 ; culture, 6675 ; 

glutinous fruit, 912 
Saggers, pottery 5235, 5237 
Sago, dietetic value, 3312 ; digestibility 
of, 3314 ; starch extraction, 4556 ; 
starch, micrograph, 5365 ; palm, 
cultivation, uses. 4873 
Sahara, description, 626, 1500, 3280 
Sailing ships ; see Ships 
Sail-maker, mercantile marine, 6803 
Sailor, appreiiticeshiis 6406 ; mer- 
cantile marine, 680:^ ; Civil Ser- 
vice posts, 2575, 2809 
Sails, of ships, 5256, 5259, 5399, 

6406 ; creosoting, 5464 : reducing 
and .setting, 6409, 6410 
Sainfoin, grass, 881 ; cultivation, 1197 ; 
as hay. 1629 ; as livestock food, 
2704, 2904 

St. Anne’s marble, /acmg 480 
St. Bartholomew’s Day, massacre, 4102 
“ St. tieorge,” Donatello’s statue, 3676 
St. George, Order of, origin, 3077 
St. Got! hard, mountain and po.sB, 
1838, 1839 ; rivers rising in, 4495 
St. John, N.B., 4068 
St. Lawrence, river, course, 4061, 
4518,; bridge over, 2739, 2740 
St. Mark, Church of, Venice, archi- 
tecture, 3090 

** St. Matthew,” Rembrandt’s picture, 
3949 

St. Paul, conceptiem of society, 5246 
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St. Paul’s Cathedral, London, 1275, 
S146, 8946 

St. Paul’s Church, Rome, 3089, 3147 
St. Peter’s, Rome, 048; cupola by 
Michael Angelo, 3674, 3676 
St. Petersburg, 2400, 2408 ; foundation, 
6201 ; tourist description, 1524 
Saint-Simon, influence on Comte, 3869 
St. Sophia, Constantinople, 3090, 3092 
St. Thomas Aquinas : gee Aquinas 
St. Vitus’s dance ; see Chorea 
Saintsbury, C. E. B., critic, life and 
work, 25S7, 2787 
Sal volatile, use, 4777 
Salamander, de.scription, 2800, 2801 
Sal-ammoniac . Ammonium chloride 
Salary, distinction from wages, 1090 

— book, function, 778 

Sale by auction, procedure, 4984 

— of real estate, 4986, 4987 

Sale of Food and Drugs Acts, 45 ; 
milk preservatives, 3820 ; need 
of revision, 3822 

Sale of Goods Act, 1893, provisions 
of, 6761, 6752, 6753 ; acceptance 
and delivery of goods, 6844 

— and purchase, law of, 6751 

Sales account, In bookkeeping, 490 ; 
hire-purchase accounts, 3017, 3918 

— clearance, shopkeeping, 175, 2224 

— journal, use of, 777 

— ledger, functions, 778 

Salesmen, duplicate bill ssrstem, 3416 : 

function and position, 659 
Salicin, use, 3810, 4013, 6068 
Salicylic acid, chrinistry of, 3818 ; 

food preservative, 3819, 5408 
Salisbury boot, of dress landau, 3122 
.Salisbury Cathedral, 1275, 3374, 3375 
.Saliva, 577 ; digestive action, 674 
Salmis of game, cooking, 187» 

Salmon, classillcation, 3005 ; care of 
young, 3069 ; carving, 5936, 5936 ; 
choosing, 3717 ; digestibility, 8314 
.Salt, in chemistry, deOnitlon, 69, 240, 
844, 1045 ; in electrolysis, 3260 ; 
state in solution, 4407 

— bay, manufacture, 4718 

— brine, manufacture, 4717, 4716 

— cake, production, 4633. 4770 

— common, chemistry of, 839, 1600; 

di.stribution, 3771 ; beds, 768 ; in 
dietetic-s, 3111, 3380; In human 
body, 438 ; mines in England, 988 ; 
ns preservative, 5403 ; in sea water, 
555, 1636 ; effect on seashore 
plants, 728; s'lnrces, 5308: see 
also Sodium chloride 

— licks, herbivorous animals and, 1600 

— pan, construction, 47 J7 

— table, preparation, 4717, 4718 

— tax, India, 1600 

Saltato, violin bowing, 2744 
Salting, In butter-making, 4281 
Saltpetre, 843 ; deposits, 5587 ; occur- 
rence, 6741, 6757 : see also 

Potassium nitrate and Chill salt- 
petre 

Salta, effervescing, preparation, 4774 

— of lemon, uses, 4782 

— of sorrel, uses, 3704, 4782 
•Salvage, pumping engine, 6060, 6062 
Sample and warranty, law of, 6753 
San Vitale, Church of, 3090, 3091 
Sand, angle of repose, 2572; bearing 

power, 330 ; in brickmaking, 
643, 1282; in concrete, 332 ; de- 
position, 1814; dyeing, 6767; 
eroding action, 1601 ; formation, 
1072, 1813 ; use in founding, 
2110, 2111, 2337, 2339 ; in founda- 
tion, 382 ; in machine moulding, 
2468, 2541 ; use in mortar, 1469, 
1952 ; piilar-and-stall working, 
3191 ; in road-paving, specittca- 
tion, 2180; utilisation, 6767; 
varieties, 1704 ; in water filtra- 
tion, 4096 

— casting, art metal worl^ 6690 

— dried, In moulding, 2110 

— dune, formed by wind, 1449 

— rammers, pneumatic, 5466 

— table, of paper machine, 6390, 6398 

— white, refractoriness, use, 3941 
Sampling, in chemical analysis, 4410; 

gold ores, 5830 
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Samson turbine, mechanism, J689, 1692 
Sandalwood, 6890 ; in dyeing, 6906 ; 
source, use, 4658 

Sandi^rac, 6890 ; vamidi, 1085, 5835 
Sandbags, in revetting, 6267, 6271 
Sandbanks, formation, 1818, 6578 
Sand by, Paul, aquatint, 0ii2, 6114 
Sand crack, in hors^, 2662 
Sand-drier, locomotive, 4595, 4509 
Sand-flea, habits, 3722 
Sandhills, formation, 1499, 1500 
Sand -hopper, structure, 3808 
Sanding, on railways, 6515, 6617 
Sand-Joints, in plate moulding, 2541 
Sandpapering, in bootmaking, 4140, 
4545 i machines, 6766, 6766 
Sand-piper, claeslflcatlon, 2212; nest, 
2506 ; plate foUotaing 2496 
Sand-reel, In rope-boring derrick, 2845 
Sand-sedge, 351: depth of root, 603 
Sandstone, classification, varieties, 530, 
896, 897, 1072 ; action of sea on, 
1817 ; erosion, rate, 1814 ; jointing, 
1925 ; in masonry, 1452 ; quarry- 
ing, 2956 ; strength, 1517, 1518 

— Old Red : see Old Red Sandstone 
Sanitary authorities, 1980 

— inspectors, 82, 699 ; in the colonies, 

3741 • women’s training, 323 
Sanitary Institute, examinations, 699 

— pa|>er8, for walls, 6828 

— science, books on, 2034 ; diplomas, 

697 : see also Pubilo Health 
Sanitation and death rate, 2662 ; 
domestic, dangers, 5054 ; law of 
nuisances, 6056 ; roads, 1080 
Sans, obsolete in English, 1336 
Sanscrit, classification, 1771 
Sansovino, Andrea, sculptor, 3678 
Santa Maria Novella, Tlorence, 3145, 
3147 

Sap, elaborated, explained, 170, 172 
Sap, in trees, 51 ; nature and supply, 
168, 170, 173 ; rising, 1374 

— flowers, Insects, 731 

— of siege works, construction, 6278 
Sapocarbol, from creosote oil, 6463 
Saponification, chemical process, 3485 
Sappers, in Royal Engineers, 4031 
Sapphires, artlflcial, 6853 ; distribu- 
tion, 3772; physical properties, 
5853; source. 5308, 5855 

Saprophytes, 166, 1372, 6441 
Saracens, art and architecture, 3092 ; 
influence on European architecture, 
3373 ; the Crusades, 2674 ; in- 
vasions of, 2354, 2946 
Sarcin, constituent of meat, 3705 
Sarcolactio acid, description, 3534 
Sarcolemma cells, 1710 
Sarcophagi, Roman, 2933 
Sarcous elements, of muscular fibres, 
1710 

Sardinia. 2280, 2232 
Sargent, J. S., picture of Ellen Terry, 
722 

Samisophone, musical instrument, 
5129 ; manufacture, 6624 
Sarto, Andrea del, painicr, 3796 
Sash-bar, of window^ 5183, 5184 
.Sash tool, use in glazing, 5839 ; painters, 
6829, 5831 

— toed brush, manufacture, 6109 
Sashes, of windows, 6183, 6186 
Saskatchewan, agriculture and f.irming, 

3206 ; geography, 4066 
Sateen, in dressmaking, 186 ; mattress 
ticking, 6720 ; weaving, 5509 
Satin papers, for walls, 6827 
— glass, manufacture, 4031 

— twiU cloth,, design, 2941, 2942, 

3153 

Saturation, of vapour, definition, 294 
Saturation point, atmospheric, 1 809 
Saturn, 6121, 6250; formation, 6701 ; 
and nebular hypothesis, 020 ; 
position in solar sytem, II ; rings, 
2392, 2040, 8620 
Satinwoc^d, source, use, 6800 
Sausages, making, process, 1430, 1431 
Savage, testing apparatus, 4824 
Savages, psychology, 3117 - 
Savanas, 627 ; African, conditions, 3278 
Save, river, 1838, 2164 
Savings banks, practical value, 8622 
Savouries, recipes, 2003 


it~8ca 

Savoy, 362 ; cultivation, 1197 ; market 
garden returns, 6836 • 

Saw, band, re-saws, 0357 ; brick cut- 
ting, 1960, 1951 ; carpenters’, 

varldtiee of, 3385, 3387 ; carvers', 
6809, 5810 ; combination machines, 
6360: concave, 0451 ; cross-cut, 
varieties. 6367, 6368 ; cylinder, 
6451 ; dimension, 6350 ; drunken, 
6449, 6450 ; equalising, 6358 ; 
forms and action, 44.HJ, 4483 ; 
grooving, 6450 ; hand, 3907 ; 
heavy carpentry, used in, 4646 ; 
hollowground, 6450 ; log and 
timber sawing, 5899-5904 ; pattern- 
making, 2453 ; in saw mills, 
kinds, 5668 ; setting, 3754, 2755 ; 
sharpening, 8754, 4583 ; in smith’s 
work, 3107 ; straightening, 3756 ; 
swaged, 6450 ; teeth, varieties, 
6449 ; tempering, 4740 ; varieties, 
377.3-3755, 6899 

— benches, feeds, varieties, 6144, 6145, 

6146, 0258, 6359 

— circular, 3908. 6143, 6449; shaft 

bearings, 962 

— cross-cut, masons’, 2837, 28,38 

— frame, masons’, 2838, 2839 

— hand, use, 632, 3753, 3765 

— machine, types, uses, 6200 

— stool, use, 3386, 3388 

— tin, use, 1950, 1951 
Sawdust conveyors, use, 5997 
Saw-fly, 3722, 3723, 4926, 4927 
Saw-frame, construction, 6994, 5996 
Sawing, in carpentry, 3753, 3755 ; 

with inverted saw. 0581 , 6585 

— smiths’ work, of rolled sections, 3108 

— tools, 4481, 4483 

Sawmill, Gainsborough, 5000, 5069 ; 
lay-out, 5067 ; Midland Railway 
Works, 5656, 5669 ; iK)8ition, 5667 ; 
riverside, 5668, 5669 ; side elevation 
and plan, 6569, 6668; typical, 5066, 
5608, 6669 ; for waterborne logs, 
6668 ; work of, 5667 

— operatives, employment, 2662 
Saw-tooth roof, construction, 4263 
Saxhorn, musical iTistTument,5130-51J9 
Saxon architecture, ceilings, 3233 
Saxons, Charlemagne wars with, 2916 ; 

conquest of England, 140 ; inva- 
sion of Britain, 1709, 2241 ; origin, 
2355 ; take possession of Isle of 
Wight, 2611 ; wool industry, 69 
Saxony, imperial electorate, 2947 ; 

industrial area, 1974, 5825 
Saxony wool, 72, 2h. 1120 
Saxophone, musical instrument, 6266, 
6730 ; manufacture, 6624 
Scabbing, In casting, 208, 2112, 3902 
Scabbling hammer, 532, 2837 
Scaifold, in shaft sinking, 3458 
Scafiolding, in building, 145, 1170, 1454 
Scala media, tympanl and vestibuli of 
ear, 2534. 2535 
Scalds, treatment, 6472 
Scale force, waterfall, 619 

— In music, 271 

— in ordnance maps, survey, 1145 

— in sound, ratio of notes, 2103 
Scale-insects, products, 3303, 3365 
Scalene, triangle, definition, 43:J0 
Scales, architects’, drawing, 6419, 5420 

— of butterfly’s wing, 3612, 3613 

— climbing, in tails of animals, 1871 

— of fishes, etc., 30, 3065 

— In geometry, 492, 493, 2788, 2789 

— measuring tool, use, 4701, 

— in music, constituent elements, 89, 

271 ; art of playing, 3528 : see 
also separate instruments 

— platform, cost, 4848 
Scaling, of boilers, 3107 
Scallop, foot and shell, 3286, 3286 
Scalloping irons, saddlery, 4783, 4889 
Scandinavia, economic conditions and 

trade, 6708 ; geography, 1560, 
1661 ; history of, till Sweden 
becomes a kingdom, 2948 ; litera- 
ture, 8782 ; rainfall, 864 ; see further 
Denmark, Norway, and Sweden 

— languagea, inllnenoe on English, 

1769; internal affinities, 1426 
S<»ntHng3, in construction, 416 

— of ship, speclflcAtlon, 5612, 6221 
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Scantlings, in timber felling, 52 
Scapula, human, lS54y 1709 
Scarab: description, 3510, 

Scarf joint, described, 2987 

Scarf weld, 233, 236, 2987 

Scarlet fever, immunity from, 6543 ; 

symptoms and treatment, 6260 
Scarlet Dinner, 635 ; climbing, 604 ; 

croBS'pollination, 732 
Scents : see Perfume 
Scepticism, in logic, 6097 ; philosophic 
use of term, 6257 

Scheele, isolation of glycerin, 4967 ; 
oxygen discovery, 840 ; phlogiston 
theory, 61 

Scherzer rolling lift bridge, 2886, 2887 
Schist, 530, 535, 898, 1075 ; cause of 
stratiheatiun, 2066 
Schistose structure, 1075 
Schleswig-Holstein, history of, captured 
by J’russin and Austria, 0445 
Schneider kiln, in cement burning, 1729 
Scliolarships, county, university, 
48l ; pupil teachers, 0474 
Scholastic professions, 6474 ; future 
proH|>erts, 6480 

School Hoard, Loudon, work, 319 

— children, meals for, a social problem, 

4124 ; women inspectors, 4974 

— inasterK, training and salaries, 164 

— room, analysis of air, 3801 
Schools, boys’ secondary, 1777 ; girls* 

secoiulary, 3505 ; hygienic con- 
struction, 4862; law atfeoling 
disease, 5056 ; for pauper children, 
1930; public: see Kducation, 
Hlementary, S^oluntary, IU)ard, efr.\ 
technical, boys', 1782 ; ventilation 
by perflation, 6020 
Schooner, type of rig, use, 5398, 5399 
Schumann, musician, study of, 2023 
Schwann, cell theory, 199 ; nerve 
fibres, 1942 

Sciatic nerve, 1941 ; affeetifins, 1944 
Science, agnostic, dogmatic and mater- 
ialistic views, 6257 ; American au- 
thors, 3781 ; and commercial enter- 
prise, 3228; comparative method, 
value of, 4123 ; cmiflict with 
religion, 6531 ; difflculty of accu- 
rate observation, 3944 ; in early 
Chinese civilisation, 216 ; inter- 
relation of, 4882; limitations, 6256; 
modern, beginnings of, 3605 ; 
In religion, 6773 ; service of phi- 
losophy to, 6539; Spencer’s deflni- 
tioii, 59 ; value of <»baervafion 
and experiment, 6002 : see also 
under separate sciences 
Scientific instrument dealers, bjisiness 
of, 4093 

Sclentitic. instruments, manufacture, 
G 122-6 131 

— knowledge, Englaiid’s want, 3711 

— 401 

Scissors, manufacture, 5477 ; mechani- 
cal action, 4684 ; milliner’s, 4565 ; 
needlework, 3093 ; temper, 4746 
Sclerotic coat, of eye, 2401, 2402 
Scoop, of railway water trough, 3614 
Score, in music, orchestral, 1060, 6891 ; 

reading in parts, 3955 
Scorifler, in assaying, 5849, 6850 
Scorpio, sign of Zodiac, 6251 
Scorpion, 3301 ; anatomy, 3803 
Scotch flr, 64, 1163, 1166, 4604, 4678; 
cones, 505 ; fertilisation, 729 ; 
pests, 4926, 4927 ; '* winged ” 

seeds, 911, 912 

— Highlands, formation, 2253 

— kiln, for brick-burning, 643 

Scotia, moulding, 5297, 5299 
Scotland, banking, 1466 ; cattle farm- 
ing, 987; climate, 984, 985; 

coal-fields, 987, 988, 6302 ; educa- 
tion, free scholarships and schools, 
483, 1777 ; farm servants’ wages, 
3001 ; flax cultivation, 716 ; fores- 
try. 4603 ; geography of, 1064 ; 
highlands and lowlands, 983 ; 
Isiandff, 1064 ; local government, 
817 ; nasal index, 1786 ; police, 
1408, 1409 ; sea-lochs, geoloj^ of, 
1364 ; sea flslicry regularions, 
6818 ; sheep farming, 986, 987 ; 
Silurian rocks, 2253 ; subme 


gence to 600 ft., 982, 983 ; wool 
yarn counts, 2895 

Scotkind, history, to death of Malcolm 

III. , 2607 ; wars with Edward T. 
and II. of England, 3074, 3075 ; 
Eichard II. invades, 3260 ; Henry 

IV. wars, 3251 ; rebellion against 
William III., 4813 

Scott, Sir Walter, novelist, 3344 ; 
Oarlyle and Macaulay’s judgment, 
2615 ; as essayist, editor, etc., 
2309 ; poems, 1:107 
Scott-Moncrieff, sewage testing, J824 
Scour, cattle disease, trcatniont, 2624 ; 
in sheep, 2364 

— formation in harbours, 6220 
Scourer, in leather manufacture, 3218 
Scouring, in clothmaking ; see Braying 

— paste, recipe, 1226 

— in plastering, 5500 

— stone, use, 3218, 3219 

— wool mannfact.iirc, 1121, 1122 
Scrape, plane surface testing, 3688 

— turner’s, 4259, 4261, 6854 
Scraper, cabinet-maker's, 6581, 6583 

— for cleaning drains, 784 

— mezzotint engraving, 6289 
Scraping, wood and metal, 4259, 5667 

— tools, dellnitirm, 4149 

Scratcli tools, plasterer’s, 5496, 5497 
Scrc<Hls, in plastering, .5490, .5.501 
Screen, brickmaking, 1282 

— ill building, use, 309 

— dispensing, chemist’s, 1653, 1651 

— glazing with wood beads, 5839 
-half-tone, 6482, 6484, 6485 

— lilastcrcr’s, 5497 

— wrought iron, plate facing 5521 
Screw, of Archimedes, 35 ; theory 

Ot, 684 ; application, 687, 835 

— bell, boring tool, 2666, 2667 

— block, in basket -making, 5489 

— of boring t(K)ls, use, 4479, 4481 

— conveyer, sugar, 4160 

— left-Iiandcd, cutting, 3'' 29 

— jack, 835; in underpin iiing, 918 

— machines, automatic types, 3628, 

4914, 4921, 4922, 4924, 5209 ; cams 
lor, 4323, 4324 

— piles, in bridge building, 2737, 2738 ; 

in building, 335 

— propeller : see Propeller 

— threads, forms of, 3003-3005 ; tools 

for, 4480 : see also Screw machines 
Screw-cutting, calculations, 3628; 

machines, 4914-4924 
Screwdriver, uhc, 3388 
Screwing, In turret practice, .3633 

— tools, 4480, 4481 
Screw-plate, metal-worker’s, 5521 
Screws, carpentry, kinds, 688, 3543, 

3546, 3843, 3845, 4040; in 

fiiriiHure-niaking, 6581, 6584 

— tapered, lathe for, 4920 
Scribbler card, of w<k) 1 spinner, 1545 
Scriber, use, 3319. 4703. 4706 
Sorieve board, for small vessel, 6610 
Scrim, of linoleum, 5123 
--upholstery, 6716, 6718, 6719 
Scroll, in design, 1413, 2397 

— of viola, 2823; violin, 2/2/ 

— work, in vehicles, 2729 
Scrubber, in coal-tar dial illation, 5462 
Scrubbing brushes, manufacture, 6109, 

6110 

Sciifller, in agriculture, use, 431, 1849 
Scullery maid, duties, 1003 
Sculpture, 184, 1217, 1509 ; Assyrian 
reliefs, 2057 , 2659 ; early Christian, 
3001 ; Egyptian, 2520, 2522 ; 

French, 17th century, 4119; (ifothic, 
characteristics, 3517 ; Creek, 2857, 
2929-2931; 19th century, 4395; 
originality in, 1675 ; outfit, model- 
ling, 1345 ; Persian relief, 2659 ; as 
profession, 164 ; Bcnaissance, 3676, 
3677, 3946; Homan, 2932 
Sculpture d’appliqiie, method, 6046 
Scurvy, cure, 3704 ; prevention, 3312 
Scutching, cotton, 1243, 1214, 1385; 

felt, 1996, 1998; flax, 1385 
Scutellnm, of wheat, 913, 915 
Scye, in tailoring, 2752 ; misfit, 3015 
Scythe, ousted by machinery, 1030 
Sea, depths, 12, 457, 469 ; encroach- 
ment on land, 5677 ; erosion of 


bed, 5577 ; geological function, 
1813; influence on atmosphere’, 
1159, 1298; influence on health, 
5274 ; level, change of, 1352, 1364 ; 
reason for salinity, 5.55, 1636; 
effect on temperature, 294 ; trans- 
port by, 4519 

Sea-anemone, description, 4083 ; plate 
lacing 4081 

Sca-bottom, movement of, 6210 
Sea-breeze, cause, 296 
Hca-cucuinbers, description, 4081, 4082 
Hea-eagle, food, 2493 
Sea-holly, storage of moisture, 728 

— fishery, law, 5317: see also Fishery 

— otter, skins and fur, 6428, 6430 

— water, 5188; chemistry of, .>55; 

geological result of salt in, 1600; 
isotherms and isohalines, 5188 ; in 
road watering, 2326 
Sea-holly, plate facing 728 ; root, 503 ; 

protection against sings, 1115 
Sea-horse, fonn of body, 3067, 3069 
Sea-island cotton, 225, 383, 3S’4 
Sea-lilies, description, 4081, 4083 
Sea-mat, description, 3958, 3959 
Sea-monse, description, .3956, 3957 
Sca-nie : see Oyster catcher 
Seashore plants, description, 728 
Sea-sriiiirt, description, 31, 276, 3072 
Sca-nrchiiis, 4081, 4082, 4083 ; com- 
pared with ammonites, 1179 
Sea-walls, construction, 3577-<55?'8 ; 

reinforced concrete, 1557-1558 
Scakalc, culture, 6674, 6675 ; market 
ganlen returns, 6836 
Seal, 2037, 2039 ; skin and fur, 6128, 
6 *30. 6431 ; teeth of, 1765 
Sealskin, furs, dressing, 6430 ; dye- 
ing, 6433 

— in drain pipe, 570, 572, 5052 
Seam, in dressmaking, 474 ; coat, 

jiressing, 1842 ; French, 154; 
stitching, 527, 2207 ; twisted, 

cause, 301.5 ; in underclothing, 
.3330 

— roller pa T>erh angers’, 5827, 5829 
Seaman, legal rights, 6364 ; Boyal 

Navy service, 4265 
ScamaiKship, Ixwk on, 6410 
Seams *'f>f boiler, riveting, 3099, 3108 

— in mining, 2377, 2666, 3307 

— in sheet metal, jointing, 5351, 5352 
Seas, geology’ of, 1815 ; inland, com- 

municatroii, value, 4498 
Seascape painting, evolution of, 4300 
Season land, meaning of term, 257 
Seasoning, wood, 52, 3540, 3541 
Seasons, 15. 6405 ; effect on body 
temperatiu'e, 440 ; Spanish names, 
2041 

Scat of brougham, 2829, 2831 ; motor- 
cars, 2557 ; railway carriages. 2556 
Seatings, boiler fittings, 3097, 3105 
Seaweed, 1386; edible, r369 ; as 
manure, 590, 5587 

— weather guide, 6131 
Sebaf^eouH glands, function, 1423 
Secant, in trigonometry, 6231 
Secateur, use, 6315 

Secliwan, river, ba.sin, 2976, 5658 
Second, arithmetical term, 1715 

— in trigonometry, 6085 

— unit of time, 14, 226, 422 
Secondary schools, 1778, 1783 ; girls’. 

3505 ; masters’, 164, 6476 

— rocks, 2067, 2254 

" Seconds,” in china dealing, 1894 
Secretaries, iirivate, clerical and poli- 
tical, 6480 ; women, 323 
Secretary bird, snake eating, 2493 
Secretory organs, 197 ; limits of con- 
trol by will, 5841 

Section, drawing in, 1747, 2006, 2007, 
2009, 2790 

Sectional balancing, ledgers, 2980 ; in 
relation to trial balance, 2603 

— elevation and plan, definition, 2006 
Sections, for comb honey, 5960, 5962 
Sector, drawing instrument, 494 
Securities, acceptance by bankers, 4293 
Sedge, as farm weed, 1378: sewage 

plant, 4549 ; stDiclure, 35/ 

Sedge warbler, nest, 2507 ; plate 
preceding 2497 

Sediment, transport by rivers, 1635 

6987 
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Sedimentary roeka, 8ft8, 1074, 1021 
Seed-barrow, 1233, A72, 1847 

— beetle, dencription, 3612 

— coats, defined, 347, 348 

— colour, Mendel's law, 1481 

— drill, 432, 1847 ; for inangela, 1230 

— drilling, 432, 6V/7, 1231 

— harrow, conatriiction, use, 1849 

— lac, productioii, 1036 

— plants, 350 ; dispersal, 909 
Seeding, in sugar manufacture, 3831 
Seedless plants : »ee Cryptogams 
Seedlings, tree, transplanting, 4077 
Seeds, 165, 635, 638 ; bird food, 2494 ; 

catapult, sling, and flipping fruits, 
910, 911 ; '• dormant ” life, 277 ; 
forage crops, 1197 ; in gardening, 
economy, ttS33 ; germination, 347, 
350 ; grain and grasses, 872 : 
preservation, winter, 728 ; pro- 
duction of, 347, 348 ; root crops, 
942 ; of trees, 4677 : winged, 911, 
912 ; transi>orted by wimi, 1500 
Seedsmen, business of, 4096 
Seer of <»uhr, of palm sugar juice, 4363 
Segmental, pattern construction, 2164 
Segregation, in metal, 4747 
Seidlltz powder, lloebello salt in, 4732 
Seine, river, banks, 1643, 1645 ; basin, 
1081 

Seine net, description, use, 4990 
Seismic wave, 8j»epd ami direction, 1208 
Seismology, volcanic action, 1208, 1355 
Selection, in agriculture, 637, 638 

— germinal: /icc Germinal 

— natural : see Natural selection 
Selective absorption, astronomy, 6249 

— agents, biology, defined, 826 
Selenit>, crystal of, niale farina 1345 
Selenography : nee Moon 

Self, in Hindu philosophy, 418 ; war- 
fare in society, 5247 ; in psycho- 
logy : Persiinality, alno Kgo 

Self-acting incline, in mining, 3566 
Self-balancing ledgers, 2503 
Self-colours, in dyeing, 6504 
Self-conlrol, and health, 2663 
Self-conseioiisness, eoiineetion witl),i!i 
toriial sensation, 2374 ; in psycho- 
logy, importance of, 2373 
Self-education, contrasted with in- 
struction, 2602 
Self-heal, farm weed, 1378 
Self-pollination, of plants, 348, 909 
Selim J. and III., Sultans of Turkey, 
6447 

Seller's disc, 962 
Selling orice, explained, 999 
Seltzer water, composition, 6393 
Semicircle, definition, 4208 
Semicircular arch, thrust from, 2761 

— canals, of ear, 2534 
Semicolon, use, 1338, 6351 
Semi-deponent verbs, in Latin, 900 
Semi-diameter, defined, 6665 
Seini-girdcr engine, construction, 5911 
Semi-lunar valves, anatomy, 957 
Semites, ethnology, 1790 ; distribution, 
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Semitones, in music, 2721, 2311-2313 
Semolina, production, 3078, 3084 
Senna, source, uwis. 6890 
Senate, Konian, 1201 ; Gracchus’ re- 
forms, 1382 ; under Augustus, 
1672 

Sensation, elementary forms, 278 ; 
feeling-t/)uc theory, 2517 ; in- 
hibition phenomena, 2258 ; in 

Locke’s t/hilosophy, 2013 ; in 

lower organisms, 3117 ; organs 
of, 29 ; physiological, 1421 ; i*sy- 
chological account, 2110; in 

psychology, defects, 2012 ; re- 
lation t^) reason, 2803 

— reflex, physiology of, 2302 ; in 

psychology. 2117 

Sensations, relativity ot, 1563 ; sub- 
jective symptoms of disease, 5539 
Sense-organs, diseases, 6264 
Senses, the five, criticism of division, 
2118 ; psychic thwiry, 3288 
Sensori-motor, 2117; function, 1943; 
of spinal cord, 2143 

— organs, structure, 1419 
Sentence, in grammar, 115 ; analysis, 

766 ; composition, 608, 4579 
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Sepal, of flower, 346, 347 
Separator, use in dairy farming, 4211 

— in milling wheat, 3079, 3080 
Sepia, pigment, 871, 3116 ; drawing 

with, 1534, 1792 
Septictomia, cause, 6544 
Sequences, in harmony, 366 
Seraphlne, musical instrument, 5569 
Serfdom, Russian, 6200 ; ended, 6301 
Sergeant, Array, 3840, 4030 ; police, 
gualifications and salary, 1407 ; 
in Royal Marines, 4266, 4260 
Serging, stiteh in MIoring, 1110, 1111 
Series distribution, electric, 2245 

— parallel distribution, 2246 
Series- wound dynamo, 1322, 1324 
motor, electric, 1931 ; for electric 

traction, 2088 

Serpent Icatlier, grain, plale facing 
3217 

Serpentine, mineral, 76S, 6743 

— rock, 529, 1009 ; formal ion, 1356 
Serum, 954; disease treatment, 6781 
Servant, domestic, 761, 814, 1091, 

1094 ; law' of position, 609, 6814 
Servia, 5709 ; freed from Turks, 6447 ; 

geography, 2165, 2167 
Sesame. 5118 ; uses, 2704, 4833. 5118 
Set iron, in shipbuilding, 5738 
Set -squares, architect’s, 5420 ; draw- 
ing instrument, 284, 1748, 4644 
Sett hammer, 2983, 2985 
Setting machine, leather, 3219, 3220 

— in iilastering, 649, 5500 

— saws, 3754, 3755 

— in turnery, 3317, 3319 

— rule, compositor’s, 5156, 5158 
Settling backs, in brickmaking. 1285 

machine, for felting hats, 6375, 6376 
Setts, chisels, 4151, 4152 

— granite, description and use. 3244 

— paving, quarrying, 2955, 2956 

— of smithy, described, 2983, 2985 
Seven bishops, trial of, 4841 
Seven Years War, 5554, 6302 
Severn, river, 1276, 2066 ; tide, 556, 

5128 

Severus, Roman emperor, career, 2071 
Sewage, ammonia from, 4775 ; in 
buildings : ne^ Drainage ; corn- 
jiosition, 590 ; deodorisation. 32fl2 

— disposal, 4547 ; bacterial treatment, 

4742, 6541 ; chemical precipita- 
tion, 4549 ; contact purification 
system, 4743, 4745 ; in country 
houses, 780 ; distribution, sys- 
tems, 4549 ; distributors, auL)- 
matic, 4821, 4824 ; engineer’s 

duties, 157; irrigation, 4548; out- 
falls, 4547 ; percolation beds, 4745 ; 
lirccipitants, 4550 ; pumping, 4462 ; 
purification, 4744, 4821 ; quality, 
4548; into the sea, 159 ; npw'ard 
filtration, 4742 

— farming, chemistry of, 4548 
Sewer, construction and varieties, 

4458 ; level of, 784 

— gas, dealing with, 781 ; diseases 

produced by, 5054 ; prevention, 
570 ; removal, 4459 
Sewerage, of isolated buildings, 4457 
laying out, 4457 ; nee aim Sewage 
disposal 

Sewing, dressmaker’s accessories. 185 

— keys and press, bookbinding, 6776 

— machine, use of, 154 ; bootmaking, 

3875, 4017, 4434 ; glover’s, 5480, 
5482 : saddlemaking, 4784, 5342 

— machine dealers, business of, 4997 
Sewing-maid, duties, 1092 

Sex, elementary signs, 384 ; funda- 
mental distinction, 4827 ; pro- 
blems of variation, 651 ; rei»ro- 
duetion in higher animals, 484 

— in bot-any, 730 

— equality, social conditions, 4825 

— predisposing cause of ill-health, 5700 
Sextant, 159, 1016 ; construction and 

use, 6658, 6664 ; in survey, 594 

— box, in surveying, 158, 267, 1018 
Seymour, Edward, Duke of Somerset, 

protectorship, execution, 3833 
Sha^ock, fruit, 6890 
Shade, in colour, cause, 3730 ; in 
drawing, degree, 1534 
Shades of electric lamps 2613, 26^4 


Shading, in drawing, 1533, 1S35, 1540 ; 

pencil, 2184 ; in carving, 6136 
Shadow, in drawing, degree of, '1534, 
1794 ; edge of, in physics, 3368, 
3369 ; in perspective, 600 
Shadows, umbra and penumbra, 2435 
Shaft bar, of brougham, 2830 

— bearings, 962 

— engine, drawing, 4204 

— furnace : see Blast furnace 

— in mining, 3306, 3193 ; exc.avatlng, 

3457 ; exploratory, 2666, 2667 ; 
sinking processes, 3306, 3310, 

3347, 3457-3402 ; timbering, 3193, 
3308, 3310 

— Of portable electric drill, 5449 

— of vehicle, leather trimming, 3622 
Shaftesbury, Earl of, reforms, 6691 
Shafting, forms, cklculations and draw- 
ing, 3133, 3137 ; nickel steel, 
5984 ; power transmission by, 
5353 ; of saw-mill, 5668, 5669 

Shag tobacco, manufacture, 4373 
Shagreen, origin and use, 3065 
Shake, in music, 271 ; clarionet, 4789 ; 

pianoforte, 1892 ; violin, 2508 
Sliakes. in timber balks, 52, 3641, 3545 
Shakespeare, William, 679, 847 ; in- 
stance of psychical variation, 
5387 ; as prose writer, 1641 ; 
relation to English literature 
generally, 848 ; use of Anglo- 
Saxon words, 1771 ; his women 
characters, 2451 

Shale, 1073 ; in cement manufacture, 
1579, 1853 ; source of paralHn, 
4837 ; tar yield, 6461 

— miners, employment conditions, 2642 
Simie oil, 1161 ; retorts, 6149, 6150 
Shamoying, leather, 3165 ; see oIm 

Chamois 

Shanghai, port, 2976, 5658 
Shanks, of drills, 5007 
Shannon, river, course 984. i:t66 
Shapers, 3401 ; portable, 3319, 5275- 
5282; tests, 3965 
Shapes, millinery, 4860, 4861, 5036 
Share, ledger of limited company, 3286 
Shareholders, limited comi)any, 3185 
Shares, limited company, 3185, 6801 
Sharks, classification, use, 3065 
Sharp, in music, 39, 1212 ; in toni« 
sol-fa notation, 924 
Shave, basketmaking, 5489 

— horik, plumber’s, use, 6029, 5030 
Shaving, in leather, 3218 

— knife, leather, 3218, 3219 

— in vehicle decoration, 3024 
Shaw, George Bernard, 1152 
Shawl, for layette, 3744 

Shea butter, source of oil, uses, 4832 
Shear legs, boring, use of, 2668 
Shearing, action of tools, 4149, 4584 

— machine, boiler shop, 3105 ; design, 

4204 ; hydraulic, 1222 

— sheep, 220, 2:i66 

— stress, in beams, 1257, 1260, 2197, 

2199 ; Mlled joists, 1987 ; wrought 
iron, 1392, 1393 
Shears, basketmaking, 6489 

— <lcntal, 6027, 6028 

— metal work, 5522, 5524 

— paperhanger's, 6827, 5829 
Sheathing, of passenger coach, 2834 
Sheave, of pulley, 684 ; in pattern- 

making, 2454, 2455 

— wlieel, casting, 2337, 2339 

Sheep, 257, 2.^60-2365; books on, 

3471 ; diseaBcs of, 2625 ; distri- 
bution and food, 72 ; fattening, 
2360 ; feeding, 2904 ; gestation 
iwriod, 2364 ; horns of, 811, 2155 ; 
insect parasites in, 2626, 2627 ; 
intestines, length of, 578 ; rations 
for, 2364, 2366 ; skins used for 
fur, 6428; teeth, 2366; urine, 
analysis of, 433 ; washing and 
shearing. 220, 224 ; weights, 2367 

— farming, 2363 ; in early times. 68 ; 

in Great Britain, 2360-2365 ; 
N.8.W., 3701 ; N.Z., 3467 ; 8. 

Australia, 3899 ; U.K., 987; 

Victoria, 3702 

— hurdles, construction, 2864 

— - ked, and maggot fly, 2626, 26S7 

— Merino, development, 5120 
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Sheep^gcab. ^366, 2627 

— tick, destruction, 2626, 2627 

— wild, even-toed foot, 1870 
Sheet (dll, in textile industries, 1886 

— glass, majDiifactute, 4531, 4534, 5837 

— kad, nmntifacture and uses, 5987 

■— metal bodies, elementAry forms 
and combinations, 4521, 4623 

— printer’s, sizes, 5457, 6775 

•— signatures, in printing, 5459 6776 
Sheetings, in building, description, 330 
Sheets, in books, sizes, folding, 6775 

— patient’s, arrangement, 6177 

— washing, 2905 

Shell, of boiler, 3097 ; furnace, 3102 

— carving, processes, 6300 

— of fire-box, construction, 3103 

— in mining, boring tool, 2666, 4480 
r.hellac, 810, 1035, 5147, 6890; in 

bronzing casts, 1673 ; in insulation, 
672; in mortar, 1853; origin, 
3365 ; vamisb, 2456, 5835, 6591 
Shell-expansion plan, of ship, 59J7 
Shelley, Tercy Itysshe, poet, 1308 
.Shellfish, chtKising, 1228; classifica- 
tion, 3113-3116, 3234: dietetic 
value, 3311 ; disease communica- 
tors, 5315 

Sliclls, armour • piercing, 6619; cast 
steel, 6620 ; manufacturer, 6019 

— bivalve, 3284 

— cameo, kinds, 6300 

— of sea snails, 3113 
Shelves, fitting, 6531, 6585 

— bookcase, adjustment, 6539, 6590 

— glass, uses, 5333 

Sliepherd, <luties, wages, etc., 3000 
Shepherd’s jiurse, weed, 330, 1378 
Sherardising metals, process, 6170 
Sheridan, ltd. Itrinsley, plays, 1151 
Shetland Islands, geography, 1064 

— pony, description, 2073, 2074 
Shield fern, culture, 6493 

Siiield, hydraulic, in tubular railway 
cxinstmction, 6677, 5679 
Siii/t key, tyiiewriter, 1527 , 1528 
Shifts, in guflar playing, 3761 
Shim, in railway construction, 3437 
Shin, human, 1708; ossification, 436 
Shingle, angle of repose, 2572 ; forma- 
tion, 1072; and foreshore erosion, 
5577 

Shingles, roofing, 4870 
Sliijp articles, 6800 

— boy, mercantile marine, 6803 

— Briti.sh, defined, 6364 

— cockroacli, classification, 3363 

— chandlers, business of, 5220 

— cook, mercantile marine, 6807 

— frames ; see Frames 

“ Ship’s husband,” duties, 6362 

— jack, 1222 

— log, records, 6806 

— management, 6361 ; dictionary of, 

6413 ; merchant service, 6803 

— money, levy by Charles 1., 4552 

— stores, management, 6363 

— timbers, wood-working, 5996 

— worm, boring through wood, 3235 
Sitipbuilding, areas, calctilation of, 

5966 ; bending moment, 6223 ; 
buoyancy, distribution, 6222 ; 
centre of gravity, 5969, 5972, 6222 ; 
employment conditions, 2644 ; dead 
weight capacity, 5964 ; displace- 
ments, 5964, 5966, 5967 ; fun- 
damental reoulrements, 5964 ; 
history of the art, 5254 ; hogging 
moment, 6222, 6223; inertia 

moments of sections, 6223, 6224 ; 
metaeentre curve, 5972 ; models, 
experimental tanks, 6226 ; owner's 
requirements, 6964 ; practical 
training, 5402 ; righting arms, 
6970, 6971 ; sagging moments, 
6222 ; shell plating, 5917-5922 ; 
shipyard work, 6736-5743 ; sta- 
bility cemditions, 5968 ; straining 
tendencies, 6224 ; strength and 
speed, 6221-6227 ; structural ma- 
terial, distribution, 6222, 6224 ; 
Tyne and Tees industry, 1272 ; 
volumes, calculation of, 5966 ; 
water resistance, friction, 6225 ; 
wave-making, resistance, 6225, 
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Shipping, British supremacy, 6361 

— clerk, duties, 6363 

— owners, iiabiiitics, 6365 
Hhippers (bricks), 1947 

Shipyard, drawing-ofilee, 5608 ; situa- 
tion and arrangement, 5735 
Shipwrights, Navy qualifications, 4268, 
SliipR, auxiliary, 5398 ; builder’s cer- 
tificate, 6364 ; cellular construc- 
tion, 6262: civilisation spreading 
function, 5254 ; clinker built, 5255; 
completion, 5924 ; composite, 5257, 
5398 ; iiistnictioii, 5256, 5257 ; 
declaration of ownership, 6364 ; 
double bottom, 5262 ; early, 5254, 

5255 ; forces acting on, 6222 ; 

borse-]Kjwer, 6226 ; iron, con- 
struction, statistics, 5259 ; lacquer 
coating of liulls, 0577.; modern, 
classes of, 5:j98, 5401, 5402 ; 

official TUiniher, 6364 ; paint for 
bottoms, 6572 ; permanent magnet- 
ism of, 4246 ; projuilsion, methods, 

5256 ; registration, 6304 ; speed, 

6224, 6227 ; steamers, 5258 ; 

.steel, construction, statistics, 5260, 
5261 ; steering, 6227 ; strength, 
6221 ; wood, construct inn, 5259 ; 
statistics, 5261 : see also Steamers 

•— design ; 5603-5614 ; area ralculalion, 

5965 ; difficulties in, 6227 ; draw- 
ings for, 5603-5619 ; general con- 
ditions, .5964 ; laying -off lines, 
5613 ; midship section, 5609, 5611, 
.5612; model, 5614; ordering 
materials, 5603 ; plans, 5608, 
5609, .5610; structural beauty, 
.5924 ; trial trip, 5924 : tumble 
liome, 5609; volume calculation, 

5966 ; water-line, 5603 ; weight 
calculation, 5964 

— Sailing : ai)i)earaucc,5398 ; American, 

5257 : apprentices, 0804 ; con- 
struction, 5256, 5257, 5400 ; con- 
struction plans, 5619 ; deck hues. 
5616 ; deck plan, 5619 ; decrease 
of, 5398 ; direction at night, 6411 ; 
floor-) dates, 5617 ; frames, 5613 ; 
full-rigged, type of rig, 5399, 
5400 ; geuen'il arrangement, 5400 ; 
keelson, 5617 ; landings, 5616 ; 
launching, 5923 ; materials, 5398 ; 
as means of transit, 2278 ; model, 
working, 5615, 56M ; ordering 
material, 5617 ; ribands, 5617 ; 
sails, 5399 ; screwing and inter- 
polation, 5616 ; speed, 6224 ; 
steel (construction), 5400 ; stern, 
56JS, 5619; tea clippers, 5257; 
transom plate, 5018 ; types, 5398 ; 
world’s tonnage, 5259 

Hhire horse, 23, 2073, 207 f5 
Shirring, milliner’s, 152, 4565, 4566 
Shirt-blouse, material for, 186 
Shirt and collar making, 6796-6799 
Shirts, hook on, 6798 ; hoy-baby's, 
4195, 4196, 4355; calico, dres.s, 
flannel day, footbali, fronted, 
morning, night, 6797-6799 ; sac, 
6796, 6798 ; starching, ironing, and 
folding, 2911, 2966, 6797 ; yoked 
and fronted, 6793, 6799 
Shoals, formation, 5578 
Shoddy, dyeing, 6602; manufacture, 
71 ; utiiisation. 2897 
Shoe, evolution of, 3873 ; dressing, 
recipe, 5646 

Shoe, cast-iron, in carpentry, 3543, 
;i:>47, 5793 

— of doorframe, 5131, 5182 

— retailing ; see Boot and shoe 

— rubber, manufacture, 5201 ; utilisa- 

tion of waste, 5309 

— steel driving (boring tool), 2666 
SluKunaker’s wax, recipe, 5646 
Shoeniaking : see Boot making 
Shoes, children’s, 4864 ; see also Boots 
Shoot, in cement manufacture, 1355 

— mine, 2378, 3194, 3304, 3305 
Shooting-board, uses, 3386, 4611 
Shooting-stars : see Meteorites 
Shooting-stick, compositor’s, 5457 
Shop, definition of, 43 ; bookkeeping ; 

see Bookkeeping, and special heM- 
ings ; branch shops, accounts, 
3417 


Shop, assistant, fines, law concerning, 
6846 ; living-in system, 6846 ; 
women’s training and prospects, 
323 

— fitting, 178, 395 

— window, use and arrangement, 305 
Shop Hinirs Acts, provisions, 45 ; 

inspector’s under, 788 
Shopkeeper, small, competition, 5926 
Shopkeeping, principles of, 43, 175, 
702 ; law of, 45 ; retail iMisiness, 
6054 ; wdiolesaie trade, 6207 
Shopping, guide to hou8<',hoJd, 1227 ; 

tourist vocabulary, 1 964 
Shops, engineering : see Engineering 
Sliore, frown ownersliip, 6220 
Shores, in building, 331, 916, 920 
Shoring, in building, 916, 920, 1453 
Short circuit, in electricity, 461 

— eoalffig set, infanfs, 3356 

— cross-straps, of harness, 4886 

— division, explained, 91 

— sightedne.ss : see Myopia 
Shortening infant’s clothes, 4683 
Shorthand, 48 ; importance in L.t.'.f . 

exams., J215; in business corre- 
spondence, 6354 ; knowledge by 
insurance elcrk, 4 725 ; use in 
reporting, 3975, 4191 

— typist, .salary, 1918 

— writer, charges for, 1920 
Sliorthoni cattle, 986, 2235, 2237 ; 

dair>', 3666, 3667 
Shorts, livestock food, 2369. 2704 
Shot, maim fact iiring, 1162, 5988; 

velocity test, 6613 

— case, ironmonger's, 3573, 3575 

— effects, in dyeing, 6502 

— metal, composition, 3941, 5988 
Slionlder, liiiman, leverage, 1798 
Sliovel, gardener’s, 6315 

— in mining, 2583, 2.S47 
in railway work, 3172 

Slmw'-rooin, 659 ; books used, 776 
Shrapnel shell, uses, type, 6618, 6619 
Shrew’, descri])tion, 1763 
Slirimp, 3806 ; ftshiiig, 4991 
” Shrimp fill,” Hogarth’s picture, 4.3.92 
Slinukage in clnthmaking, 4107, 4110 

— of metals in easting, 2342 ; steel, 

2698 ; in ” sw'eeping-up ” mould- 
ing, 2461 

— of timber, 52 
Shroiwliire sheep, 2361 

Shrubs, flow’ering, culture, 0530 ; for 
general planting, 6206, 6316 
Shunt-W’oiiud dynamo, 1324 

— motor, contrasted with series, 1031 
Sliunter, railw’ay, 4804, 5070, 5074 
Sliunting, of railway g<M>ds, 5070, 5074 ; 

on temporary line, 3254 
Shutter, fire-resisting, 4760 

— w’indow, constnietion, 5135, 5187 
Sluittle, of Northrop loom, 3635, 3636 

— w’eaving forms, 3685 

Siam, ethnology, 1789 ; geography, 
2972, 2973 

Siberia, geography, 2716, 2717 ; rail- 
way, 2717, 5707 

Sibilants, in grammar, 121 ; in short- 
liand, 427 

Sicilian marble, plate faring 480 
Sicily, architecture, 3232 ; calls lielp 
from Byrrlius against (.'urtliage, 
1203 ; geography, 2230, 2232 ; 
(Jreek reniaius, 2859 ; history after 
division of Italy into states, 2945, 
2946 ; touring, 948 

Sick-berth attendants, Navy, 4265, 4269 

— leave, tJovernment offices, 2159, 2576 

— nHun, choice and care, 6173, 6176 
Side-arm roller, paperhanger’s, 5827, 

5329 

— bar keel, formation, 5736 

— chain, catalysis theory (Klirlicb), 4135 

— chisel, w<K)dw'orking, 6854, 6355 

— drum, construction, use, 5566, 5733 

— spring, vehicle, 2725, 3328 

— stick, compositor’s, 5457 

— stiteliing, in tailoring, 1110, 1111 

— tip waggons, 3176, 3252 

— widtlis, of railway line, 802 
Sidebone, in horses, treatment, 2622 
Siderite, mineral, 768, 4466, 6743 
Sidings, railway, 3616, 5074 

Siege, in glass-making, 4532 
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Siegs 'Works, ttiilitary engineering. 6273 
Siemens gas, prodnetion, use, 6818, 6827 

— furnace, 4126, 5013, 5016, 5016 

— processes, in steel and iron, 234 
Siena, cathedral, 2230, 3376 ; modern 

painting, 3518 

Sienna, colour, nianufiicturc, 5144 
Sifter and scalper, in milling, 3081. 5085 
Sighing, physical explanation, 1303 
Sight, discrimination inferior to that of 
hearing, 2317; eirect of civilisa- 
tion on, 3170 ; organs of, 107, 2146, 
2400-2403 ; variation in, 3044 ; 
without eyes, 3285 

— reading, music, 2024, 4170 
testing, practice, 4141, 4143 

Sigmoid tlexure, 670, 570 
Signal-hox, railway, 4686, 4687 ; con- 
trol of points, 36Ht 

— lamps, railway, 4686, 4601 

— repeaters, railway electrical, 4688 
Signalmen, Navy, 4266, 4268 ; railway, 

4600 ; railway fog, 4602 
Signals, railway, 4686-4692 \ observa- 
tion, 4600 ; pow'cr, 4687-4689 ; 
school of, 4000, 4691 

— department, organisation, 4231 

— ship's, varieties and uses, 6411 

— wireless, 3895, 3807 
Signature, in music, 272 

Signs, law of, in algebra, 1993, 2151 
Sikkur bridge, river Indus, 2736, 2740 
Silence, caused by interference, 3230 
Silesia, Austrian, geography, 2162, 
2165 

— German, ceded to Prussia, 6302 
geography, J974-\97Q, 5825 

Silica, 1160; in cement manufacture, 
1857, 1858; concretions, 1074; 
effect on iime, 1456 ; in firebricks, 
1285; formation, 1356; in glass 
manufacture, 813 ; in nuneralogy, 
767 ; as plant food, 168 ; from 
rocks, 1455 ; refractoriness, 3041 ; 
test fur, 4411, 4415 
.4ilicat<w, in geology. 768 
Silicon, chemistry of, 1160; compared 
with carbon, 230 ; in earth’s crust, 
230, 624 : in iron, 232, 1044, 4007 ; 
in steel, 4747, 5019 

— bronze, 3040, 6300 

Silk, carpet manufacture, 3360 ; 
cleaning, 2596, 6042 ; in cloth, 
dissolving, 3015 ; as cUdhing 
material, 4256 ; design, fltmws, 
5080 ; fibres, 68, 69 ; fabrics, 
designs for w«»veii, 6697, 6508 ; 
glim in, 810; impurities, 
5640 ; loom, 3912 ; microscopic 
structure, 820, 822 ; printing, 

4400, 4502 ; " scroop,” 5640 ; 

slivPT of waste silk, 1724 ; source, 
5120, .5640 ; spinning, 2444, 2.596 ; 
stocking yarn, 4619 ; test of Uiread, 
5508 ; throwing, 2696 ; trade and 
industry, 081 ; for trimming, 5774, 
5775 ; tussore, siuirce, 5120 ; used 
for underwear, 3094 ; washing and 
ironing, 2011; waste, drawing 
process, 2100; waste, treatment, 
1245 ; watered, imitatinn, 4345 ; 
watcrpr(K>fing, 808; width, 186; 
winding, 2695 ; and wool mixture, 
1125 ; yarn counts, 2806, 2807 

— artificial, 5120 ; dyeing, 5639 ; forest 

industry, 4028 ; viscose, 6562 

— dyeing, 6640, 5905, 61il0 ; action of 

dyes, 5637 ; dyebatha, 5054 ; 
hand, 6367 

— sewing, quality, 185 

— twist, fwr buttonholes, 153 

— glands, of spider, 3804 

— hatters, employment, 2051 

— mercers, business of, 5221 

— moth, cocoon, 3515 

— reeler, i>riinitive r iiinese, 684 
Silks, trading in, 1006 

— workers, employment, 2650 
Silkworm, cocoon, 3515 ; cultivation 

and rearing, 582, 584. 6120 ; 

I’asteur’g cure of diseased, 3274 
Sill, in geology, definition, 2005, 2066 

— of light waggon, 2829, 2030 

— window, 5183, 5186; bricks for, 

1049, 1950 ; lead apron of, 

6033 : of room partition, 4448 ; 

6990 


stone, 3241 3248 ; terra cotta, 

2781 2784 ; timber used in tun- 
nelling, 331 

Silo, in agriculture, 1970 

— plant in cement manufacture, 1853 
Silt, deposit by rivers, 5483, 5484 
Silurian system in geology, 2067, 2253 
Silver, 301. 4303, 5847 ; alloys, 361, 

5857 ; analysis, 4413 ; in art work, 
5521, 6523; In atomic evolution, 
1917; books on, 5860; casting, 

5858 ; chemistry of, 1447 ; colour- 
ing, 5858 ; distribution, 3772, 
5847; in copper refining, 575 4; 
electrical conductor, 672 ; electro- 
lytic refining, 5848 ; electro- 
chemical equivalent , 3262 ; electro- 
plating, 3421 ; extraction from 
galena, 358 ; extraction processes, 
4303, 5755, 5847 ; in gold alloy, 
5856 ; hallmarks, 5860 : lead 
recovery, 4304, 5848, 5087 ; melt- 
ing, 5858 ; micro-structure, 3034, 
plaie f*recfiding 3037 ; occurrence. 
3772, 5847 ; ores, 4303, 5847 ; 
” parting ” process, 5848, 5840 ; 
physical properties, 1306, 3837, 
3838, 3830, 4303 ; refining process, 
5848 ; solder for, 5523 ; soldering, 
6460 ; standard alloy, 5523 ; 
standard rates, 5857 ; uses, world’s 
production, 5307 

— chloride, chemistry of, 1597 ; 

clotted ” precipitate, 4404, 4405 

— cyanide, formation, 3261, 3537 

— dealers, business of, 5223 

— fir, timber, 55 ; culture, 4670 

— fish, classification, 3363 

— German : gee German silver 

— leaf, buruishing, 6277 

— moth, disease tn sugar beet, 4048 

— nitrate, double decomposition, 1507 

— plate, dealing in old, 893 

— plating, process, 3421 

— point, drawing with, 1534 
Silvering mirrors : gee Mirrors 
Silversmithing, 5521, ,5687, 5690 
Similar motion, in harmony, 365 
Siminiba bark, source and use, 6068 
Simmering, temperature for foods, 

1485 

Simple time, in music, 40 
Simplicity, value in art work, 5522 
Simplon, pass and tunnel, 1839 
Simpsim’s area formula’, shipbuilding, 
6966 

Sincerity, factor In journalism, 3812 
Sind, province, India, 2820, 5381 
Sine, in trigonometry, 6231 ; sum and 
difference, forraulap, 0400 
Sines, law of, in light, 2732 
Singeing, in cloth manufacture, 4344 

— ill dyeing, 6J97 
Singer, debut of, 6340 

Singing, 6047, 6182, 6336; bad pro- 
duction, 6185; breathing, 6051, 
6185; care of the voice, 2538; 
faults, list, 6185 ; maniicrisn's, 
6190 ; notation, the staff, 37 ; 
phrasing and articulation, 6336 ; 
styles, 6340 ; vocal organs, 6047 ; 
voice proiluetion, 6047 
Single account bookkeeping^ 3332 
Single entry, in bookkeeping, 3010 
Single-needle instrument, telegraph, 
4385 

Single-phase motor, for traction, 2088 
Singling, in yarn manufacture, 2100 
Sink, kitchen, care of, 1003; lead- 
lined, 5632 ; scullery, drainage, 
572 ; slate, 3248 ; slop, 5053, 5055, 
6633 ; waste water, 569 

— in mining, definition, 3457 
Sinker-bar, in rope boring, 2845, 2846 
Sinking, in ashlar walls, 3035 
Sinking fund, 2884, 3331 

Siphon, of bivalve, 3113, 3284, 3285 
Siphon-worms, 3057, plcUe facing 4081 
Siren, principle of, 2103; power 6128 
Sirenia, order, 1404, 1762, 2039 
Sirius, double star, 6606, 6608, 6690 
Sirpula, sea worm, 3056, 3967 
Sisal, 818 , 4176. 5118, 6891 ; dressing, 
1380 ; iion-dy cable, 5630 
Site, in building, 308 ; plan, 5542, 5543 ; 
selection, 144 


Settmakers, In mining, 2955, 2956 
Size, manufacture of, 1036 ; lerther 
recipes. 6646 ; vellum, 6275 ; white- 
washing, 5835 

— kettle, paperhanger’s, 5827, 5829 

— stick, bootmaker’s, 3875, 4015 
Sizing, paper-making, 1167, 6278, 6396 

— textile manufacture, 3489, 3490 
Skate, 3066, 3067 ; value of fishery, 

4089 

Skein-making, in basket work, 5489 

Skeins, dyeing, 6367 

Skeleton, human, bones, 1348, 1340, 

1603 ; comparative anatomy, 1603, 

1604 ; vertebrata, 98 
Skeps, bees’, use, 5958 
Sketches, detail, duplicating, 4320 
SkewbacK, in brick arches, 238ft, 2387 : 

of stone arch, 3143, 3147 
Skewers, use in casting, 2338 
Skilled workman, definition, 307 
Skimmer, in salt manufacture, 4717 
Skimming ladles, form and use, 2807 
Skin, of animals, structure, 2852 

— human, 1419-1423 ; changes accom- 

panying psychic phenomena, 2004 ; 
conduction, radiation, evapora- 
tion, 440 ; impurities, 4255 
Skins, animal, taxidermy, 6328 

— htHdmaking, scientific cutting, 4242 

— couch covering, 6719 

— bookbinding, 6778 

— leather, varieties and structures, 

2852 ; gee aho Leatlier 
Skip, in mining, 3306, 3307 
Skippers, certificates, 5317 
Skirt, board, dressmaker's, 185 
Skirting, moulding lines. 2120; fire- 
resisting, 4757, 4750; raking 

mould I rigs, 5297. 5299 
Skirts, 523, 526, 654, 861 ; corselet, 
2206, 2207 ; divided, 3473, 4473 ; 
evening, with pleats, 657 ; flouneed, 
665 ; girl’s, 2468, 4473 ; linings 
for, 180 ; silk slip, for layette, 
.1744, 3854; unlined, 070’ 

Skiving, boot, 4017, 4238, 4434 
Skull, human, anatomy, 1603, 1604, 
1605 ; importance in anthrojio- 
logy, 178.5, 1787 ; joints of bones, 
1700 ; in modelling, proportion, 
1348, 1340 

Skunk, skins and fur, 6128, 6430 
Sky, cause of blueness, 3728 

— lights, 5185, 5187 ; glazing, 5839, 

5840 ; lead protection, 5034 
Slabbing machine, soap. 4961, 4005 
Slag, basic, for manure, 5587 

— blastfurnace, 4460 ; action on iron 

tlux. 4407 ; use in brir;knuiking, 
1282 ; in cement, 1570, 1800 ; lis 
manure, 500 ; in smelting, 232 ; 
of steel, 5013-5018; utilisation, 
4125, 5767 ; in wrought iron, 
4465, 4635 

— cement, varieties, 4469 

— wool, manufacture, 813, 4469 
Slaked lime, 617, 8 14 

Slant height, in drawing, 4522 
Slate, 6801 ; in cement manufacturing, 
1570; cleavage plane, 1365, 1356, 
1025 ; as electrical insulator, 672 ; 
formation, 530, 531 ; geological 
classification, 1073 ; in masonry, 
3248 ; (inarrying, 2379, 2900 

— clubs, cautions as to, 3225 

— lithugraphi(\ 6635, 6636 

— refuse, use, 1 282, 5767 
Slater, work of, tools, 4865, 4867 
Slaters, employment conditions, 2643 
Slates, roof, varieties and fixing, 4865, 

4867 ; for concrete roofs, 4758 ; 
glass, 4868 ; stone, 4867, 4870 
Slath, in basket-making, 5489, 6490, 
5563 

Slating, dictionary of, 2843 
Slave labour, use in transport, 4616 

— trade, abolition by Spain, 6304 ; 

African, 3278 ; beginning, 6844 
Slavery, abedition of Colonial, 6686 ; 
abolition by Holland (1862), 6304 ; 

” fugitive slave law,” 5976 
Slavonic languages, list, 1771 

— races, ethnological survey, 1790 
Slcekers, tool used in moulding, 2457 
Sleeking, leather, 3218, 3220 
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Sleep* dnigs producing, 6469; auto- 
Bu^gestion, experiments, 2640 ; 
Biifflciency of, conditions, 4390 
Sleeper, of en^ne frames, load, 4206 

— railway, varieties, laying, etc., 8429- 

8434, 8607 ; Bcthell’s process for, 
62 ; care of, 3257 ; use in gate 
couBtruction, 3615 ; on mountain 
railway, 3816 ; treBtle bridge, 6266 
Sleeping slckncBs, cause, 4089 
Sleeplessness, treatment, 4580, 6262 
Sleeve, term in drainage, 736 

— in dressmaking, 187, 191, 477 ; for 

little boy, 1280, 1460; of boy’s 
overr'oat, 1755 ; for blouses, 522 ; 
of girl’s TTrench frock, 4476 ; for 
girl’s sacque jacket, 2471 ; man's 
lounge jacket, 2753, 2875 ; man’s 
vest, 1873 ; princess robe, 2206 ; 
woman’s coat, 2050 

— board, in tailoring, 1110 
Slewing, in basket-making, 6489, 5490 
Slide-bar, in grinding, 3403, 3406 

— rest, of latbe, 4914, 4915 

— valves, link motions, 6139, 0140] 

Zeimer’s diagrams, 6140, 0141 
Sliding friction, defined, 058 

— ways, in launeliing ships, 5923 
SUng-fniits, seed dispersal, 910, 911 
Slinking, in cattle, treatment, 2623 
Slip, in carpentry, 3388 

— ill induction motors, 1909 

— in yarn counts 2895, 2896 

— band of crystal, 3937 

— coaches, railway, working, 4S02, 4805 

— galley, compositor’s, 5158 
Slipper, gully in drainage, 781 
Slipways, dock, 6497 

Sliver, dyeing, 0307, 6368 ; forming, 
1724, 1885 ; thinning tlireads, 

2097 ; in woollen manufacture, 70 
Slocomb machine, leathi'r, 3164 
Sloe, spines, function, 1114 
Slogging, in cupola furnace, 2802 
Slot-drilling, sliufts, 3403, 3405 ; ma- 
chine, use in key grooving, 5448 
Sloths, 1763, 1871 ; skeleton, plaie 
lacing 2<I65 

Skitters, machine, 3317, 3319, 5003’, 
compared with milling cutters, 
3401 ; key way cutting, 3404 ,* 
portable, 5276, 5279 ; test, 3965 
Slubbing, cotton, 2098, 2290 
kludge, sewage, treatment, 4550 
Slug, 3113, 3115 ; food of birds. 2494 ; 
how plants jirotect themsclvee, 
1115 

— sea, 8114, 3115, 8161 

Sluices, dock gates, construction, 6496 
Sluicing, ground, in mining, 2950 
Slur, in music, 271 ; tonic sol-fa, 922 
Slurry, 1579; cement, 1855, 1850; 

analysis, 4416 ; drying, 1728 
Smacks, fishing, 4989 
Small pox, 5410; immunity from, 
6543 ; races exterminated by, 
6782 ; red light treatment, 3372 
Smalts, gla.ss, 4980, 5985 
Smell, organ of, 197, 2140, 2536, 2537 
Smelting, in metallurgy, 231, 356, 
3885, 4125 

Smith, Adam, economist, 2055 

— Sydney, works, 2309 
Smith-Premier typewriter, 1529 
Smith’s clinker cooler, 1731, 1732; flurry 

wash-mills, 1580 

— solution, 737 ; pitch compound, 646 

— work, dictionary of, 3107 
Smithy, engineering, 2108, 2803 
Smock, overall, boy-hnby’s, 4195 
Smog, term for fog, 1900 
Smoke-box, of boilers, 3105 

— of locomotive, 6514, 6515 ; cleaning, 

4597, 4609, 4601 

— test, for drainage, 788 

— tubes, boiler, 3099, 3101, 3104 
Smoking, tobacco, clfeets, 4010 
Smoothing brush, puperhnngers’, 5827 

— plane, 3885, 3387, 3750, 3757 
Smut, fungous disease, 1607, 1669 
Snail, of eight-day clock, 5716 

— land, characteristics, 3113-3115 
Snakes, 2677, 2681 ; blood tempera- 
ture, 439 ; food Of secretary bird, 
2498 

— bite, cure for, 2681 


Snw, use, 4685, 4686 

— flask, for moulding, 2688, 2700 

— in riveting, described, 3096, 3108 
Snap-dragon, 354 ; pollination, 732 ; 

pollen protection, 1114 
Snapshots, in photography, 6680, 6684 
“ Snlfting,” aerated water, 6392 
Snipe, 2212 ; carving, 5984 
Snow, geological effect., 1504 
Snowdon, 1276 ; railway, 2276 
Snowdrop, 351, 355 ; culture, 6490; 
growth in w’oods, 501 ; pollen 
protection, 1114 
Snow'-liiie, variation of, 1636 
Snuff, manufacture, 4873, 4375 
Soak-pit, in leather mamifaetnre, 2853 
Soakers, of gutters, use, 5031, 5034 
Soap, 4963, 4066 ; books on, 4834 ; 
dyeing, 5781, 5954, 6770 ; forma- 
tion, 3485, 4829 ; in laundry work, 
2477 ; oils used in, 1032, 4903 ; in 
sizing paiier, 6395 : in w-asliing tlie 
skin, 4255 

— bnbiile, balloon experiments, 3977 ; 

surface tensuin and colours, 3367 

— w’ashing powders, 4966 
Soaping machine, in dyi'ing, 6371 
S(K*ial licrcdity, explanation of term, 

5386 ; influence on government, 
4370 ; instances of, 5887, 5888 
Societies, animal and human, 4123 
Society, dissimilarity of units and 
progress, .5887 ; dynamic eonili- 
tion, 5538 ; liberal and conserva- 
tive forces, .5530; growth in- 
evitable, 5246 ; industrial stage, 
5096 ; at the level of the ant-beai), 
5248 ; military stage. .5096 ; mili- 
tary -industrial stage of, ,5097 ; 
an organism, 5245 ; relation to the 
individual, 4360, 5245 ; science of, 
387t) ; spiritual type 5097, 5245 ; 
compared with chemical compound, 
4278 ; unity of organism, 5100 ; 
without the ” self," 5247 
Society of Architects. 1912 
Society of Arts, exainiuation, 149 
Sociologist, aims of, 5538 ; moral and 
intellectual training, 4121, 4122 
Sociology, 3869 ; alcohol problem. 
5812; luKiks on, 5816; former 
conception, 4275 ; an academic 
subject, 4123 ; comparative, 4123, 
.5248; descriptive, 3986, 5817; 
moral ideas and stwial probJems, 
4124 ; natural selection in, 5386 ; 
practical interest, 5670; relation 
to biology, 187 ; relation to etliies, 
4275 ; relation to geograpliy, 
3989 ; . relation to psychology, 
2012; relation to other sciences, 
5670 ; scope, 4123, 4275 ; Spencer’s 
work and life, 4121, 5816 
Socket chisel, 4150, 4151 
Socrates, 774, 975 ; " argument,” from 
analogy, 8230 ; condemnation, 
2506 

Soda, 842 ; use in laundry- work, 2477 : 
see also Sodium, Sodium carbonate, 
Soda crystals atid t'austic soda 

— ash, manufacture, 4773, 5780 

— crystals, formula, adulteration, 4773 

— fountains, in chemists’ shop, 1655 

— water, constituents, .3379 ; mami- 

factiire, strength, 6891, 6393 
Sodium, eheinistry of, 840, 841, 5756 ; 
distribution, 3771 ; in earth’s 
crust, 230, 624 ; cicctro-posifivc 
atoms, 2297 ; emission of positive 
ions, 4700 ; spectroscopic exaniinn- 
tioii, 3370 ; in sun, 3371 

— bicarbonate, 4774 ; mfr., 4772 

— bisulpbate, in dyeing, 5781 ; fire- 

paration, 4627 

carbonate, 842 ; coniinerieal, 4774 ; 

in dyeing, 5780, 5954 ; mannfai;- 
ture, 2714, 4770, 5750 

— chlorate, preparation, 4778, .5760 

— chloride, 359, 3261 ; decomposition, 

1598, 4684 ; in dyeing, 5780, 5954 ; 
electrolysis, 5757, 5759 ; in hiimnn 
body, 438 ; sec also Salt, common 

— hypochlorite, mfr., 6759, 5760 

— nitrate, in gunpowder, 6758 ; as 

manure, 580, 590, 4048 ; product 
of ChUe, 4289, 6308, 5687 


Sodium peroxide, in bleaching, 6199 

— phosphate, in dyeing, 5780, 6781 

— salicylate, source, use, 3818, 3819 

— sulphate, in “ caliche," 5587 ; in 

dyeing, 5780 

— sulphide, in dyeing, 5781 ; in soften- 

ing hides, 2853, 2864 

— sulphite, as food preservative, 5408 

— tartrate, composition, 4774 
Softener machinv, textile, 1020, 1.385, 

1386, 1388, 1390, 2595, 2590 
Soil, ctfect of rain on, 1503 ; enriched 
by plants, 504 ; fertile and un- 
fertile, 4497 ; formation, 1071, 
1502, 181.5; geographical import- 
ance, 4497 ; plant food, 107 

— in agriculture, eoTTstitution, cultiva- 

tion, 25.5, 430 ; intensive culture, 
21 ; manuring, 589 ; rotation of 
crops according to, 1200 

— in building, 330 ; bearing power, 

329, 331 ; in foundations, 142 

— garden, improvement, 620.3, 6204 

— in hygiene, 5273. 5274, 5409 
Soil-drain, 569, 780 

Soil-pipe, in drainage, 730; manu- 
facture, 640 ; for ventilating, 782 
Solar plexii.*!, 1944 

— system, 11, 0250 ; CopernLcan, 6121 ; 

cosmic future, 0702 : nebular 
liypotliesis, 620, 6701 ; radiation 
pressure and consequences, 939 
Solder, composition and kinds,360,1160, 
3941, 552.3, 5830, 5987, 6453; 

dental, 0028; hard, 6458, 6459 ; 
jewellery, 5857, 5858 ; plumber's, 
.3941, 5987 ; soft. 6457. 64.58 
pot, plumber’s, 5029, 5030 
Soldered joints, in building, .5032 
Soldering, 3839, 53.52; in art metal 
work, 5523, 5525 ; autogenous, 

360, 6451 ; fat, composition, 6458 ; 
fluxes, 6454, 64.58; hard, 6453, 

6458 ; ill jewellery, 5858 ; pastes, 
composition, 6458, 6460 ; plum- 
ber’s, 5029, 5030, 6627 ; soft, 6457 
■ Irpn, 5029, 6457 
Soldier: ree Army 

Sole, 3069 ; curving, 5030 ; choosing, 
3717 ; <lige.stibility, .3.314 ; eyes. 

2403 ; frying, 1873 

Sole, of boot, ;i873 ; cutting, 4137, 
4540, 4541’, manufacturing pro- 
ces.ses, 4J38, 4240. 4242, 4542 
Soleplate, marine engine, 6295 
Solicitors, 6748; articled clerks, 6750; 
examinations, 6748 : municipal 
appointments, 1410, 6571 ; ofileini 
positions, 6751 ; railway, duties, 
4227, 4228, 6107 ; trainiag, fees, 
etc., 163, 6749 

Solid, ill geometry, 1747, 2005, 2007, 
4207 

— pliysic.il, definition, 3830 ; exn.in.'.-i ni 

under heat, 1738; sounrl trans- 
mitting medium, 2101 
Solidification, of liquids, 1268 

— of matter, niuieciilar motion, 1269 
Soling, in boot making, 4138 
Solipsism, in philosophy, 6469 
Solstice, 6248, 6250 ; causes, 0405 ; 

Slimmer, 3698 

.Solution, dissociation thcori', 4406, 
4698; electrolytic ami iion- 
electrolytic, 4563; laws and 
problems of, 4.562 ; propertie-i 
of, 4698 ; volume inversely pro- 
portional to pressure, 4562, 4563 
Solvay proces.s : see Ammonia-soda 
process 

“Somatic," in biology, 485, 1587 
Soiniianibulism, mental state, 3288 
Sonata, in music, 634 
Song, 6340 ; “ word picturing," 6336 

Song-birds, description, 2209 
Sonnet, introduction in English, 328 ; 
Shakespeare, 683; Wtirdswortli, 
130.1 

Soot, danger of, 1226 ; as manure, 589 

Soporifics, kinds, 6469 

Soprano, clef in musical notation, 1059 

— part, in harmony, 3.14 

— voice, 6’950, 6182; exercises, 6103, 

6187 

Sordino, liorn music, 5732 
Sore throat, in pigs, 2026 
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Sorghum, as cattle food, 2905 ; gonrco 
of Biigur, 3552, plate faeirig 3849, 
4.754, 4875 

Srrrel, farm weed, 1378 ; salts of, 3704 
S. rt^rs, in Post Office, 2809 
Soudan : see Sudan 
Soul, relation to spirit and body, 4527 
Sound, 2004, 2101 ; brain perception, 
2315, 2535 ; direction judging, 

2315 ; feeling vibrations of, 2318 ; 
interference phenomena, 3229 ; 
physiological account, 2534 ; pitch, 
2102; refraction, 2102; waves, 
comi)ared with light waves, 2102, 
2433, 3229 

— of Ashes : see Swimming-bladder 
Sound-board, aluminium, .»991 ; organ 

function, 3857 ; pianoforte. 1210 
Sounder, telegraph, 4382, 4608, 5065, 
5J78 ; Morse, 5055 ; quadnndex, 
5243 

Sound post, violin, 2122, 2123 
Soundings, in marine surveying, 1017 
Soups, recir»es for cwikiug, 1735 
Source, of river, definition, 456 
South Africa, eoniniprcial opportunities, 
6212 ; constabulary, 3549 ; ethno- 
logy, 1789; geography, 3584- 
3587 ; medical profession, 5428 ; 
teachers in, 3741 

South Amerlea, coalfleUls, 5305 ; 
fauna, 628 ; forest trees, 626, 627 ; 
geography, 460, 4282, 4280 
South Australia, climate, 32:i6 ; cotton 
production, 385 ; forming, 3236 ; 
geography, 3899 ; rainfall and 
stock, 5660 ; wool industry, 3237 
Southdow'u sheep, 23, 2361 
Southampton, harbour regulations nnd 
revenues, 6220 ; shipping, 6005 
South Kensington Srliool ot Art, 868 
South pole, 293 ; position, 13 
South Wales, gtaigraphy, 1277 
Southwark bridge, con.structifm, 2498 
Southern hemisphere, explained, 13 
Southey, llobert, p<K‘t, 1307. 2309 
Sow thistle, farm weed, 1378 
’* Sower,” Millet’s picture, 342 
Sowerby Bridge, wool counts, 2895 
Sowing, in agriculture, 431, 035-537 ; 
cereals, 872, 1229; clovers, 940; 
forage crops, 1197 ; grasses, 872, 
3256; HiOt crc)p.s, 942, 1233 
Sovhlct fat-determining apparatus, 4722 
Space, ether, 935 ; Kant’s do('triue, 
2013 ; psychology, 2119 

— in design, 5820, 5977 
Spade, gardener's, 0315 

— tools, carver’s, 5809, 5810 
Spadix, of arum, 35 J, 355 

Spain, African possessions, 3278, 3.587 ; 
architecture. Gothic, 3376 ; art, 
4119 ; coalflolds, 5302, 5304 ; 

coins, weights and measures, 410 ; 
economic division-s and conditions, 
5823 ; g#‘ography, 2232, 2233 ; iron 
ore, output, 5307 ; literature, 2962, 
3782 ; medical profes.sion, 5429 ; 
touring, 1132 

— history, at opening of Middle Ages, 

2241 ; in Middle Ages, 2354 ; to 
Ferdifiand II., 2946 ; colonisation 
of America, 36tHj ; mediieval, 
4;t96 ; from 1588 to reign of 
Charles IV., 5397 ; from 1817 to 
1902. 6304 

Spalling hammer, 532, 2839 
S])an, of beam, definition, 1984 

— of rcH)f, carpentry, 4250, 4252 
Spanish Armada, 4397 

— chestnut, timber, 56 

— fly, cantharidcs from, 3512 

— fowls, 4956, 4957, 5022 

— language, alphabet, 2040 ; com- 

mercial phraseology, 5086 ; com- 
mercial correspondence, 6091, 
6235 ; correspondence, general, 
5803; dates, 3702; days, 3792; 
dialogues, 5514 ; , English impor- 
tatloT»a, 177(»; euphonic changes, 
3792, 4078, 4509 ; idiomatic 

phrases, 6236 ; liatln and Greek 
root w'ords, 6810 ; suffixes, diminu- 
tive, 2628 ; tourist vocabulary, 
1ii67 ; translation charges, 1920 

— mahogany, 50, 1260 ; use, 2827 

B992 


Spanish. Succession, War of, 4951, 6397 
Sparging, in brewing, 0057, 6229 
Spark apparatus, Faraday’s, 951 

— coil, invention, 130 

Sparklers commutation, dynamo, 1323 
Sparrow'-hawk, jeweller’s, 5857 
Spnr.«*, rectangular, strengtli, 6266 

— of ships, kinds, 5398 

Sparta, cause of decay, 4664 ; instance 
of militarism. 4371, 5095 ; history, 
668, 772, 1203 

Spathic iron ore, 231, 1044, 4466, 5306 
Spavin, in horses, treatment, 2622 
Spear heads, cave-dweller’s, 2478 
Special service. Navy, 426r», 4266 

— subject teachers, pay for, 6479 
Speciall.‘’ati(>n of function, importance 

in biology, 278 ; sex evolutiim, 382 
Specialities, in shopkeeping, 6208 
Specie.H, in biology, defined, 135, 380 ; 

in counterpoint, 632 
Specific characters, of animals, 279 

— gravity, 797. 1078 ; Archimedes' 

discovery, 35 ; bricks, 1520 ; build- 
ing stones, 1518 ; inetuls and alloys. 
1396, 3837 ; minerals, 766, 6731 ; 
precious stones, 5853 ; timbers, 
1259 

— gravity bottle, 1078 

— heat, 1564, 1739 

Specification, architect’s, 1910; in 
building, definition and use, 307 
Spectacle Makers’ Company, 4141 
Sj)eetacles, lens grinding, 0128 ; ficbble 
and glass compared, 3372 
“ Spectator, 'rhe” (Steele and Addison), 
1003, 2903 

St>eetra, stellar, plate faring 6097 
Spectroscope, 3369 ; in analy.sis, 4400 ; 
in astronomy, 6248, 6698 ; star 
motions measured by, 3371, 0698 
Spectrum, 3369, 5193 ; complementary 
colours, 3729 ; beat rays, 2060, 
2433, 3617 ; invisible rays, 3371 ; 
confirmation of electron theory, 
3618 ; series lines, 3618 

— analysis, 3370, 4135, 6248 ; ol groups 

of elements, 2298 
Speculum metal, 1160, 3940 
Speeoli, physiology of, 2301, 2530, 2538 

— fn^oni of, aid t<» truth, 5390 
Speed, arltlimetical problems of, 1549 ; 

testing, 3964, 3966 

— angtilar craleulation, 1592 

— in physics : see Velocity 

— in shipbuilding, theory of, 1144 

— indicator, of locomotive, 5104 
Speedwell, description, 351, 354 ; insect- 

pollination, structure, 730, 908 
.Speiss, in metallurgy, 3836, 5983 
Mpcltiiig, English, dcfect.s, 122; in 
business letters, 6352 ; composi- 
tor’s, 5158; printing office, 5460 
Si>elter, composition and nse, 3884, 
5325, 5.523, 6169, 645.3, 64.58 
Spencer, Herbert, rui conservation of 
matter, 1915 ; definition of science. 
59 ; child and animal psycho- 
logy, 3117 ; on meanittg of 
ev<»lufion, 486 ; on filial responsi- 
bilily. 4666; goiilus inherited by 
soj'iety, 5388 ; on liighest being, 
6539 ; on history, 3985, 3987 ; 
individualism versus genesis, 
4827 ; on indivisibility of nerve 
cells, 3118; inductive and deduc- 
tive methods in logic, 6097 ; on 
instinct, 1.588,2694; justice the 
end of the state, 5534 ; on legisla- 
tion and clmracter-making, 4371 ; 
on marriage, 4536 ; jjerHlstence of 
force, theory, 313, 2063 ; on physi- 
cal courage, 5098 ; on pleasure and 
pain, 2618 ; “ Prineiples of Socio- 
logy,” 4539 ; psychological theory, 
2014 ; reflex action, theory, 2118 ; 
the social organism, 5246 ; ” The 
Study of 8oci(»logy,” 4121 ; study 
and works of, 4122, 5810; on 
tnith, 6530 ; on war and mili- 
tarism, 5095 : on women, 4825 
Spenser, Edmund, 537; 1641 
Spenserian stanza, criticism, 537 
Sperm, development of embryo, 1316 • 
see also B«prudnctlon. cte. 

Sperm oil, source, properties, 4883 


Ser-4pD 

Sperm organs, in chars, 1870 , 1373 ; at 
ferns, 1116 

— sacs, of hydra, 381 

— whale, 4333 

Spermaceti, source, properties, 1033, 
4834 

Spermaphytes, defined, 165 ; sub- 
divlsiona of seed-plants, 350, 353 
Spennatozoa, ot hydra, discharge, 381 
Sperms, of mosses, 1312 
Sphere, in geometry, 1747, 1749; 

geometrical problems, 2006, 2010 
Spheres, hollow metal, making, 3888 
Spheroid, oblate, diameters, 621, 023 
Spherometers, Kos.s type, 6122, 0125 
Sphinx, 183 ; as artistic creation, 
2519, 2523 ; wind erosion, 1500 
Spices, dietetic value, 3312 ; pro- 
perties, use, 4717, 4722 
Spider, 3361, 3803, 3804 ; eyeless, 2403 
Spiegcl-eisen, 234, 4464 ; use, 5013 
Spigot, in drain pipe, 569, 570 
Spikelet, 875 ; of wJicat, 9J5 
Spiller’s resin, formation, 5312 
Spilling, in mining, 3505 
Spills, of manufactured iron, 4638 
Spinach, culture, 6675, 6836 
Spinal cord, 197, 1605 ; functions of, 
2143, 2301 

— curvature, 4387 ; in children, 4862 

— diseases, nature, 6261 

— nerves, 1941 ; course of, 2143, 2302 

— plexus, 1944 

Spindle, in machines, 5205, 5207 ; 
eccentric, for hole grinding, 5212; 
lathe, 4324, 4325 ; planet, 3404^ 
3407 ; testing, 3903, 3965, 3966 

— gill-box. iiiechanism, 2291, 2293 

— tree, 353 ; garden hedge, 6318 
Spine, in botany, function, 1114 

— human, 29, 99, 1004, 1709, 1799; 

vertcbr.e, formation, 436 

— in zoology, as weapons, 2156, 2157 
Spinel, 5853, 5855 ; artificial, 5853 
Spinifex, distribution, 626, 3698, 3899 
Spinneret, silkworm, 684 ; apider, 3804 
Spinning, art metal-work, 5526, 5528 
Si)iuiiing, textile, process and machin- 
ery, 2441-2445 ; cotton, 223, 
2289, 2291 ; flax, 2292 ; hemp, 
2292 ; jute, 2293 ; rope, 2445 ; 
silk, 2596 

— lathe, in brass spinning, 6314 

— wheel, 223, 1025, 1027 
Spinous process, of vertebra*, 1005 
Spinoza, services to i)sychology, 2013 
Spinthariscope, jlescription, 1915 
S]>iTacle, 2801 ; in shark, 3065 
S|»irals, geometrical, 1413, 1414 

— of screw wheel, drawing, 3923, 3924 
Spirilla, bacteria, 6437, 6439 

Spirit, relation to soul and body, 4527 

— level : see Level 

— of salt: see Hydrochloric acid 
Spirits, varieties and const itueniz, 

2879, 3314 : consumption of, 3316 ; 
dietetic value, 3377 

Spiritualism, Myers’s theory, 3384 ; 

suggestion, phenomena, 3289 
Spirogyra, description 1370, 1373 
Splash-stick, in soldering, 5628, 5029 
Splay, in joinery, 5296, 5297, 6299 
Splayed bricks, form, 1948, 1949 
Spleen, 1194; corpuscles, 953 
Spleenworts, culture, 6493 
Splice, in vehicle construction, 2832 
Splicing, sailor’s, 0407, 6408 
Splint, in horses, treatment, 2622 
Splinter bar, of brougham, 2830, 2831 ; 
.of carriage, 3123, 3124 ; of van, 
2828, 2829 

Split infinitive, defined, 756 
Splitters, mason’s, 2837, 2839 
Splitting, in leather manufacture, 8105, 
3219. 3220 ; saddlery, 4783 
Spoke, of bicycle, 3775, 3776 

— of wheel, 2830, 3126; decoration, 

3481 ; timber used for, 2827 
Spokeshave, description, 3387, 4191 , 
4152, 6296, 5301 
Spondee, defined, 305, 1766 
Sponges, 1493, 4086, 6121, 6891 
Spongy layer, of plants, 170, 171 
Spontaneous generation theory, 28, 86 

— variations, In germ-plasm, 651, 828 
Spool, of loom, structure, 8685, 3658 
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Spooling, in thread manufacture, 2708 
Spoie, of animalcules, 4089 ; of ferns, 
1116, 1117 ; of mushrooms, 166 
Spore-generation, biological imports 
ance, 1311 ; of mosses, 1H12 
Spore-leaves of water-ferns, 1118 
Sporting goods dealers, business, 5343 
Sports, omcials, 6869 
Sprag, in motor vehicles, 3128 
Sprains, treatment, 6472 
Sprays, in mining, 3560 
Spreadboard, flax carder, 1726, 1727 
Spreader machine, textile, 1541, 1885 
Spring, cause, 15 ; oscillation energy, 
5747, 3748 

— blocks, of brougham, 2830, 2831 

— governor, 2019, 2020 

— steel, 234 

Spring- tail, insect, 3565 

— tides, cause of, 556, 6565 
Spring, of water, 456, 458, 1504, 4025 
Springs, coiled and spiral, temper, 

4746 ; testing, 1704 

— dentistry, dental, 6054, 6035 

— of vehieles, types and function, 2725, 

2727, 3328 ; of bogie frames, 3121 ; 
of coaches, 2465 ; of carriage, 5125, 
5124 ; of two-wheeled vehicles, 
3126 ; of van, 2829 ; of wheel, 2830 
Spruce, 4604, 4678, 4679; insect pests, 
4020, 4927 ; wood fibre, 6281 

— black : xee iiiack spruce 

— fir, 55 ; strength, 5, 1260, 1393 

— Norway : see Norway spruce 
Splicing, in leather manufacture, 3219 
Spun silk, improving and gassing, 2507 
Spur gears, in gear cutting, 3630, 3651 ; 

drawing, 4202 

— wheel, casting, 2337, 2339, 2543, 

2544 

Spurry, farm weed, 1378, 3803 
Squabbing, vehicle, 3623, 3624 
Squarp, in building, axed work, 1950, 
1951, 3386, 3387 

— in carpentry, 3757, 3759 

— in geometry, 496, 1084 ; area prob- 

lem, 1253; projection, 4523, 4524 

— mason’s, description, 28.i7 

— in raatheinatlcs. 1264, 1442, 4723 

— measure, table of, 226 

— measiu’ing tool, 4701, 4703 

— plasterer’s, 5497 

Square root, 1264, 1439, 1440; of a 
multinomial, 3411, 3412 
Squared paper, textile, 2939, 2940 
Squeezer, in iron manufacture, 4637 
in shipbuilding, 5738 
Squid, description, 3114 
Squinting, causes, 6264 
Squirrel, 1762; balancing tail, 1871; 
flying, 1871 ; para<'hnting, 2037 ; 
skins and fur, 6428, 6430 
Stability, in chemistry, 693 ; iti 
mechanics : gff Kquilibrium 

— curves of ship, 5970, 597 1 

— of structures, books on, 2764 : see 

alitonpeci/ic structures — e.g.. Arches 
Stable, cleaning. 1001 ; construction, 
2998 ; drainage, 736 
Stable pquilibrliiin, defined, 661 
Stablo-hands, duties of, 1001 
Stablemen, in fanning, 3(M10 
Staccato, in music, 271 ; in singing, 
6336 ; violin bowing, 2742 ; vio' 
loncello bowing, 2S25. 2909, 2970 
Stack, of blast furnace, 4469 
Stacking, in agriculture, 1664 
Stacks, for tiay, thatching, 1630 
Staff, of biislneHs office, 659 

— in music. 37 

— of van, 2828, 2820 

— apparatus, electric train, 4692 
Staffordshire bricks, 1280, 1520, 1947 
Stag beetle, desrri])tion, 3510 
Stag’s horn chib moss, 1110, 1310 
Stage as a prol'esnion, 164, 6865 
Staggers in sheep, treatment, 2625 
Staging, for bridge erection, 1174 

— in building, 1172, 1453, 1454 

— in shipbuilding, 5736 
Stahl's theory of elements, 60 
Stained glass windows, 4945-4940 ; 

plate facing 4945 ; btioks, 4949 
Staining, cabinet-making, 6591 

— In leather manufacture, 3456 

— in vehicle painting, 8480 

^ O 


Stains, removal of, 2500 
Stair carpets, laying, 6723 
Staircases, types, 6298, 6301 ; archi- 
tect's drawing, 6694, 5698 ; casing, 
3245 ; circular, curve of, 3241- 
3243 ; concrete In, 332 ; tire- 
resisting, 4752, 4755 ; plan, 6548 ; 
quantity surveying, 6510, 6513 ; 
sand courses for, 2513 ; stone, 
3241-324«, 5796, 5797 
Staithes, construction and forms, 4644 
Stake net, description, varieties, 4990 
Stakes, in art metal-work, 5525, 5520 ; 
in coppersmi thing, 5888, 3889 ; 
foundry, 2547 

Staking, in leather mamifactiire, 3164 
Stalactite, 844, 1074 
Stalagmite, chemical account, 844, 1074 
Stalk, of leaves, structure, 169, 170 
Steele, Sir Richard, author, 1905, 1904 
Stamen, of flower, 346, 347, 551, 730 ; 
production of nectar, 731 ; vari- 
able number, 350, 352 
Stammering, eiin; of, 2539 
Stamp Act, coiuiectioii with American 
War of Independence, 5845 

— b,attery, in mining, 3770 
Stanijiing, process, 2989, 2992 

— in mining, 3770 

— mill, 356 

— wood-carving, 6045, 6046 
Stamps, entry in postage book, 977 ; 

oftiee-boy’s duties, 194 

— postage, dealing in. 4616 
Stanchions, in carpentry, 5543, 3547 ; 

canted with faience, 2781, 2784 ; 
easing for fire resistance, 4753 ; 
cast Iron in, 1453 ; fixing by 
builder. 5791, 5795 ; strength, 2198 
Stand-pipes, in water supply, 4334 
Standard^, in scaffolding, 1170 

— time, explained, 14, 15 
Standing, ptiysiological account, 1798 ; 

psyciiology of equilibration, 2120 

— ways, ill launching ship, 5923 
Stanford’s joint, in drain-laying, 736 
Stanhope gig and phaeton, 2466 
.Stannous chloride, 5779 

— hydrate, in dyeing vat, 6782 

— nitrate, in dyeing, 5779 
Stanstad-Kngelberg rack railway, 2276 
S1ai>h.vlococcus, bacterium, 6457, 6459 
“‘‘ipedius hone, of ear, 2553. 2534 

ar-coral, scarlet and gold, 4081 
ar-flower group, classification, 354 
:ar shakes, of timber, 52 
nr-sliowcrs, occurrence, 6695, 6697 
ar-stoiit‘s. .5855 

arch, 5364 ; dextrose from, 3705 ; 
dietetic value, 673, 3109 ; conver- 
sion into glucose, 2878, 4556 ; 
digestion by bydrolysis, 3706; in 
dietetics, 3111 ; manufacture, 
5364 ; iiliotomicrographs, 5365 ; 
product of plants, 171 , 172 ; potato, 
granules of, 3706 ; in vegetable 
fiKid, 635 

— cells, of w’heat, 915 

— grain, dietetic value, 673 ; of 

various flours, 5716, 3717 
Starching, in cloth manufacture, 4342 
Starfish, description, 4081, 4083 
Stark, landscape painting, 4301 
Stars, apparent motions, 6116 ; bright- 
ness, 6697 ; chemical composition, 
6249 ; clusters, 6700 ; collision, 
6699 , colour, 6699 ; constella- 
tions, tillb-0120; dissociation 
in, 4136 ; distance by parallax, 
6697 ; distribution, 6700 ; double, 
0698; declination, 6245 ; elements 
in, 839; fixed, 6115; Ualileo s 
diaeoveriea, 2949 ; Loekyer’seiassi* 
firation, 4136 ; magnitudes, 6696 : 
mass, 6697 , measurements, 6244, 
0245, 6696, 6697 ; meridian pas- 
sage, 6247 ; motions, 3371, 6697 ; 
naming, 6696 ; in navigation, 
6662 ; parallax, 0696 ; physics of, 
4561 ; right ascension, 6244, 6245 ; 
spectra, 3371, plate faring 6097, 
6248 ; temporary, 6690 ; triple, 
6699 ; velocity, 6698 ; wandering. 
6116 

Starvation, death by, 866 
Btassfurt, salt and potash mineB, 6566 


States of tlie Church, 2045 
States General, of France, 4101 
Static electricity, 3579 

— friction, 958 

— st&bility, 553 

Statics, definition and scope, 85, 411. 

422, 653, 1833 ; books on, 2764 
Station, in chain surveying, 262 

— pointer, marine surveying, 159, 1018 

— railway, idatform and other struc- 

tures, 3616 ; rails, arrangement, 
5616 ; termini, 4807 
Stationers, business of, 47, 5345 
Stationmastcr, railway, duties, wages, 
4806 ; as goods agent, 4229 
Stator, electric, 1358, 1909 
Statue, in art, Egyptian, 2519 ; elec- 
trotypiiig, 3422 ; founding, 6313 , 
support of mass, 2286 
Stature, iii race classification, 1786; 

relation to longevity, 2663 
Statute of Frauds, provisions, 6752 
Statute measure, land, 1146 
Stay bolt.s^ in boiler work, 5099, 3105 

— sail, sailing sliip, adjustment, 5U9fk 

— tap, in fire-boxes, 3108 

Stays, boiler, 3098, 3108 ; fire-box, 
5101, 3103 

— telegrajih lines, construction, 6324 

Steak, cooking, 3313, 3314; food 

value, 3381 

— and kidney j>ie and pudding, 1872 
Steam, books on, 5595 ; as disin- 
fectant, 5055 : elastic force, 5414 ; 
energy, 290 ; expansion in cylin- 
der, 5414. 6072; e.xpaiision curve. 
5415, 5416 ; a heat vehicle, 5413 ; 
pressure curve, 5414 ; in pn»- 
peliing ships, 5256 ; in transport 
compared witli electricity, 2274 ; 
as volcanic vapour, 1207 ; wrought 
iron tubes for, 5328 

Steam chest, of engine cylinder, 5041, 
5642; llange, 5517, 3324 

— coal, geological classification, 1074 

— domes, of boilers : see Domes 

— engines : see Engine, steam 

— hammer, 234, 2019, 2022, 2984, 2086, 

4203, 4204, 4637 

— heating, in buildings, 6023 

— navvy, railway construction, 3J73, 

5997 

— ports, engine, drawing, 4423, 4424 

— roller, invention, capacity, 2325, 

2326 

Steamers, 5258, 5398 ; advantage ovei 
sailing vessels, 4519 ; cargo, sec- 
tion, 5611 ; construction and 
arrangement, 5401, 5402; date 
of first, 4519; direction at night, 
6411 ; engines, 6296; machinery, 
5402 ; plating, 5402 ; special 

fittings, 5924 ; Bi)e<?d, 6225 ; in 

trawling, 4989, 4992 ; trial trip, 
6227 ; w’orld's tonnage, 5259 , 

ye.arly loss, 5258 ; see also Shijis 
Stcamiug, in cloth-making, 4106, 4109 

— in c(X)king, 1486, 3314 
Steapsin, action, 675, 3480 
Stearin. 1032, 4835; in cod-!ivei oil, 

3486; manufacture, 1833; m 

milk fat, 4035 

Steel, 231, 233, 5307 ; acid open-hearth 
process, 5014 ; is it an alloy ? 1722 , 
alloys, 4747 ; aluminium in, 1043. 
5991, 5992 ; annealing. 5524 ; 

armour plate manufactur •, 4750. 
in art work, 5523, 5688 ; ba riling, 
6577 ; l)asic open-liearlh jiroeess, 
5016; Hesse mer : see r.essen'.ei , 
blister manufacture, 4750 ; blue- 
ing, 6573 ; in boiler-wor v. 3098 ; 
in building, 2440, 2448, 2149 • ii; 
buildings, fire-resisting, 4751 ; 
building, future use in, 519 ; carbon 
]>ercenlugf s, 3938, plate facing 
3936; carburising, fusion method 
4748; case hardening, 47.50; 
casting, 5018 ; casting, shrinkage 
of, 2342, 2098; ceTnentatioii 

process, 4750; cemented bars, 
manufacture, 4750; chemist r> 
of, 1045 ; chruiuium alloys, 4748 , 
constitution, 3938, 4465, 4746 ; 
conductivity, 1397 ; crucible fur- 
nace, 2862 ; drifting and punching. 
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Steel — eontin ued 

2990 ; electric furnace, produc- 
tion, 5757, 575S ; enamelling, 

6575 ; friction data, 959, 3813 ; 
forging preaa, 1224 ; hardening 
process, 4746 ; “ head " casting, 
1404; heat statistics, 1396; for 
high-speed tools, 3633 ; hydraulic 
presses, 1223 ; iron compared, 
2983, 2986, 4464; load stress,' 
2226 ; use. in machinery, 206, 209 ; 
magnet, 559 ; manganese in, 362 ; 
manufactuTing processes, 4748, 
4907, 5013, 5307 ; medium carbon, 
5015 ; melting for foundry’ use, 
2Sr,2^ 2S67 ; musket, composition, 
4748 ; open-hearth mannfaeliire, 
5013; painting, 6571 ; pig produc- 
tion, 4748 ; plating department, 
3095 ; protective coating, 5149, 
6571 ; puddled, 232 ; ** punching 
bear," 1222 ; segregation, 4747 ; in 
nhipbiiiliing, 5260, 6221 ; in 

rmithy work, 2083 ; use of soaking 
pits, 5018; soldering, 6460; 
strength statistics, 1396; sub- 
stitute for iron, 5018 ; tempering, 
236, 4746, 4749 ; tools, turning 
and shaping, 4J5 7, 4153; vihra-- 
tioii compared with iron, 2022 ; 
welding, 2990, 6453; wire, 1699; 
working, effect of, 4747 ; world's 
output, 5307 
Steel buffer, 3219 

— ' cast, 231, 234 ; safe stresses, 3657» 
SnsS : shrinkage, 2342 ; strength, 
1394-1396, 1397 

— engraving, 6114 

— facing, 3422, 6290 

— mild, in building construction, 1454 ; 

defined, 4465 ; expansion, metliod 
of, and formiilie, 1555, Ifiofi, 1557 ; 
strength, 1393, 1395 

— smelting, employment, 2044 
Steelyard, 830 ; use, 1201 

Steering gear, fitting to ship, 5924 ; 
hydraulic, 1224 

Steljes tyi)e-printing telegraph, 5393 
Stellar chemistry, 4135 

— parallaxes, determination, 0697 
Stem, of plants, J0M-J70 ; in trees, 51. 53 
Stem-eclworm, description, J0G7, 1668 
Stemming, In blasting, 2584 

Stencil, in manifolding, 1698 

— brush, 6728 ; painters’, 5831 
Stencilling, 5836, 5977, f,72G^G729 
Stenograplier, hire of, 1920 
Stenography : ace Shorthand 
Steno’a duct, 577, 578 

Step, of brougham door, 2829, 2831 

— of screw, 686 

Step-ladder hinge, of vehicles, 3022 

— setter, plumber's, descrijition, 5(i20 

— tread, of light waggon. 2829, 2H30 
Stephunotis, culture, 5.532, 6533 
Steppes, 626 ; economic conditions, pro- 
ducts, 5707 : plant life, 72? ; plant 
and seed -dispersal, 910 ; Kussiaii, 
2408 ; vegetation of, 620 

Steps, of staircases, 5300, 5301 ; stone, 
3037, 3040. 3241, 3243 
Stereo-rhemistry, 2714 
Stereo- printing, Dalzie! pr<>r(‘ss, 5560 
Stereochromy, fresco painting, 4931 
Stcreciscope, 3182 
Stereoscopic vision, of eye, 2400 
Stereotype nudal, 360, 5988 
Steret>ty|)er, ]»riTiter’s, 5026 ; employ- 
ment eoiiditioiiH, 2655 
Stereotyping, in printing, 5556 
Stem, of vesHfd, forms, . 5578 , 5619; 
making, 6742 

Sterne, Laurence, novelist, 3130, 3131 
Stem post, of ship, 5742 
Sternum, human, 1300, 1004, 1000, 
2144 

Steward, marine, 6.305, 6804 ; Metro- 
politan Asylums Hoard, 1930 
Stewing, in railway construction, 3253 

— in cooking, 1486, 3313 
Stevenson, H. L., 2579, 2550, 3442; 

poems, 1438 ; prose works, 2617 
Stick insect, 3363, plate facing 3361 
Stickleback, 3068, 3009 
Sticks, umbrella and walking, 5603 
sticky fruits, seed -dispersal, 911, 912 
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Stigma, of flower, 347 
Stigmata, of air-breathers, 3301 
Stile, of windows, 6183, 6186 
Still life, water-colour study, 1796 
Still-room maid, duties, 1005 
Stilton cheese, com^sition, 4490 ; 
dietetic value, 3311 ; mamifaeture, 
4574 

Stimulant, definition, 4000 
Stimulation, of nerves, 1942 
Stings, bee, 5958, 5963 ; treatment, 
6473 

Stipple engraving, 6114 

Stipule, in classifleatum of plants, 350 

Stirrup, in carpentry, .'154.S, 3546,42.57 

— in mining, 2669, 2670 ; In rope bor- 

ing, 2845, 2846 ; in shaft-sinking, 
3461 

Stirling W(m» 1, yarn counts, 2895, 2896 
Stitch pricker, shoe, 3877, 4784 
Stitches, in glove-making, 5482 

— mrlliner’.s, 4565, 4506 

— in tailoring, 2605, 2606 

— ill underclothing, 3336, 3337 
Stitching, 150; blind, in upholstery, 

0717: in bootmaking, 41.39, 4542, 
4543 : machine, 1328, 4543 
Stoating, in tailoring, 1111, 1112 
Stock ; see Livestock 

— b(M)k, use, 776 

— classification on balance-sheet, 2758 

— in cookery, 1 188, 1530 

— factory, defined, 6642 

— finance, explained, 1262 

— in hand, and profit and loss, 2418 ; 

in trading acconiit, 2500 

— jobber, <tefiiutioti, 1262 

— metal-worker's, 5521, 5524 
-- of plane, 4152 

— rail, union with point, 3609 

• — ramming, foreshore protection, 557 

— retail business. 177, 702; index 

systems, 6054 

— ill-trade, in bookkeeping. 490 ; de- 

preciation, 2758 

— Virginian, culture, 6491 

— of wheels, 2830, 3126 ; axles, 3.326 
St(K*kbrokiiig as a profession, 164 
Stockfeeder's medicines, 2626 
Storking frame, 4020, 4621 
Stockings, W'a.shiiig, 2591 

Stocks, bricks, 1947 
-- for hides, 3165, 3106 
Stocks and shares, 3483, 3484 ; mathe- 
matical rules, 1262 
Stocktaking, bookkeeping, 2418-2421 
Stokers, marine, 6807 ; Navy, 4265 
Stoma, of leaves and stems, 17(», 727 
Slomach, human, 198, 576-579, 674 ; 
diseases, 5842 ; rest periods. 4391 

— infiunmmtion, in horses, 2<t2(» 

— of ruminaiits, 1762 

Stomias, fish, description, 3070, 3071 
Stone, in arch construction, 3143 ; 
for building, 528-535, 3241 ; for 
footpaths, 2430 ; dyeing, 6766 ; 
glazing, 5839 \ in masonry, 1452, 
3033 ; f| Harrying, 2955 ; in sculp- 
ture, 1076 : atreiigtli, weight and 
safe working stress on, 1517 ; 
working, 3037, 3040 

— artificial, 1.520; In construction, 

1 450 ; for paving, 2428, 2429 
Stone age, art of, 2479. 2480 
Stonecutters, employ meiit., 2642 
Stonehenge, 1275, 2479, 2480 
Stones, building, characters and pre- 
paration, 2836, 2841 \ strengths 
and weights, 1517, 1518 

— pre<-iouH : see rrecious stfuies 

— use in revetting, 6271 
Stoneware, glazed, 569, 646 ; jointing 

to lead pipes, 5631, .5634 
Stonework, building-in, pinning-in, 
2513; decay of, 3244; Quantity 
surveying, 6509, 6510 
Stoning machine, leather, 3218, 3219 
Stoolings, of Jamos and miillions, 2837 
Stop abutment, of arches, 2762 

— trumpet, musical instruiiient , 5441 

— valve, in service pipes, 5629, 5633 
Stopping, in mining, 3192, .3304, 3561 

— in painting, 5829. 5834 
Stoping-up, in vehicle-painting, 3479 
Stops : see Punctuation, Ftill-stop, etc. 

— bricks, forms 1949 


Stops, harmonium, 3951, 4180 

— organ, 3859 , 

Storage-tanks, for rain-water, 780 
Storekeepers, Metropolitan Asylumi^ 

Board, 1930 ; railway, 4228 
Storey rod, description, 2515, 5298 
Storksbill, reproduction, 909, 910 
Storm, forecasts, 986 ; In navigation, 
6412 

— overflows of sewer, 4456, 4458 
Story rods, in building, 309 
Stoves, construction and use, 6010 ; 

heating system, 6015, 6028 ; 

material and setting, 2390 

— cooking, management, 1226, 5193 

— makers, employment, 2646 

Stradivariiis, violin making, 2510 
Straight arch, 2760, 2701 
Straight-edge, 4701, 4703 ; in car- 
pentry, 3388, 3757, 3759 ; 

plumber's 5029 ; steel, 5521 

Straiglit- winged insects, 3363, 3367 
Strain, in building, 1256; in en- 
gineering work, 2107 
Strainer, in drainage, 781 

— painter's, 5829, 58.30 

Straining beam, queen i) 08 t truss, 4251 

— chain, in piling, 1174 

— piece, in shoring, 9J8, 1174 
Strains, calculation, 209, 416, 1256 
Strakes of ships, drawdug, 5615 ; gar- 

board, 5921 ; t>lating, 5918, 5919 
Strand of rope, formation, 5290, 5292 
Strangles, in fiorses, treatment, 2621 
Strai), in boiler work, 3099, 3100 

— in building, in staging joints, 1176 

— in carptmfry, 3543, 3546 

— hinges, 5795, 5^97 

— leather, making, 4783, 4886, 5057 

— in structural ironwork, 5792, 5793 
Strapiiiiig. ill dressmaking, 863, 247 1 ; 

in tailoring, 2208 
Strass, imita-tion stones, 5852 
Strata, geological formation, 525, 528, 
897, 898, 1815 ; geological record, 
2060 ; influence on available rain- 
fall, 4025 ; treatment in foundn- 
tioiis, 332 ; varieties of, 1921, 1924 
Stratification in geology, 530, 531, 
H97, 1815 ; in metamorphic rocks, 
1075: sedimentary rocks, 1071, 
1923 ; volcanic, 2066 
Straw, dyeing, 6651, 6652 ; fibres, 
6279, 6280 ; for hat and bonnet 
shapes, 5217, 5218 ; as live-stock 
ffK>d, 2704 , 2909 ; paUiasBe filling, 
6721 ; thatch, weight, 1/04 ; tniss- 
ing, pres.sing, 1848 ; varieties, 872 

— plaits, in hat manufacture, OlOO 
Strawberry, culture, 6678; canning, 

4846 ; extra Season crop, 6835 ; 
fruit formation, 348 ; hir jam, 
4847 ; reproduction, 346, 347 
Stream, velocity, measuring. 1576 
Streaming, in quarrying, 2959 
Street, derivation of word, 1769 
Streets, asphalt carriageways, 2179 ; 
building line regulations, 621 4 ; 
congestion, causes, 2153: general 
liistory of, 1977 ; laying out, 2423, 
2424 ; naming, law of, 2424 ; 
construction, maintenance, 2422 
Strength of man, definition, 2663 

— of Tunterials, 12.56, 1260; books on, 

2764 ; of materials in moving part 
of mechanisms, 209 
Streiifococcus (bacteria) 6437, 6439 
Stress, in mechanisms and structures, 
86, 205, 209, 1391, 3964; calcula- 
tion of, 416 

— electric, 4023 

Stretchers, in building, 2168, 2261 
Strick. 1026, 1246 : of flax, 1386 
Strickle, in moulding, 2112, 2340, 2459 
Strike, in geology, 1924, 2378 
Stri king-boards, in " sweeping-up " 
moulding, 2459, 2400 
Striking-out machine, leather, 3217 
String band, instruments, etc., 5885 

— dressings in building, 2177 
String-hole, violin, 2122 

Stringed instruments, repairing, 6707 
Stringer, in staging, joints for, 1170 
Stringers, of sliips, marking poeition, 
5615, 5739 ; of ship’s bold, 6743 

— of trestle bridge, 6260 
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Strings, harp, 3341 ; pianoforte, 1210; 

, viola, 2823 ; violin, 2121 

— of staircase, 5298, 5300, 5301 

— vibration of, in physics, 2103, 2105 
Striped muscle, human, 1710 
Stripper, in carding machine, 1543, 

1546, 1888 

— in plate-punching, 3005, 3097 
Stripping, of boards, 3541, 3646 

— cfie, purpose, 2989, 2991 

— plate, in casting, 2340 

Strozxi, Palazzo, Florence, 3675, 3676 
Stnib rack railway, 3816. 3817 
Structure, in biology, basis of classl- 
floation, 29, 276; homology, 379; 
of plants, fundamental, 167- 173 
Struggle for existence, insects* suc- 
cess in, 3362 ; plants, 167, 503 
Strut, in building construction, 1453, 
1454 ; of dams, 4643, 4644 ; 

engineer's stagings, 1173 ; of girder, 
540; in roof trusses, 4249 ; use in 
shoring. 916 ; of trussed beams, 
4639, 4641 ; for timbering, 330 
Strutting, in floor construction, 4446, 
4447 ; of gantries, 1176 
Strychnine, chemistry of, 3825, 4011 
Stuart, restoration, 4761, 4762 
Stuart's granolithic, 534, 2427 
Stub tenon, in roof work, 4248 
Stucco, kinds, 648, 5499 
Stud holes, templet drilling, 3317, 3319 
Studdles, in mining, 2666, 3193 
Student interpreter, appointment, 22^2, 
2695 

Studs, cutting, 3628 
Study, Hearn’.s advice on, 5392 
“ Study of SocioUtgy,” Spencer’s, 
analysis and scope, 4121 
Stuff-chests, in paper-making, 6396 
Stutling, in leather manufacture, 3219 

— in tapestry carpet manufacture, 3091 
Stuffing-box, of engine cylinder, 5041 

— rods, in saddlery manufacture, 4784 
Stull, in mining, 3194, 3304 
Stumping, in drawing, 1535-1540 
Sturdy, in sheep, 2625 

Sturgeon's clectro-magiict, 129, 562 
Sturgeon, common, 3065, 3067 
Sturtevant brickmaking system, 1284 
Stuttering, cure of, 2539 
Btye, in eye, treatment, 6264 
Style, of flower, 347, 348, 349 

— literary, importance of, 1472; 

eighteenth century characteristics, 
■ 2139; in journalism, 4577 ; modern 
characteristics, 2309 
Sub-claviaii vein, i/95, 1196 
Subconscious, the, importance in men- 
tal development, 3183 ; in theory 
ot association, 2805 
Sub-editing, salary, 102 
8ub-edit(jr, newspaper, 4232, 4431 
Subject, in counterpoint, 032 

— grammar, 6U8 ; analysis, 760, 1618 
Subjective genitive, in Latin, 901 

— mind, Hudson's theory, 3288 
Subjunctive inoixl, Knglish, 608, 756 ; 

French rules, 3353, 5948 ; (icrnuin, 
use, 3502 ; Italian, use, 6523 ; 
I.Atm syntax, 1183 
Sub-lieutenant, navy, 4401, 4402 
Sublimation, chemical, 4316, 4406; 

in metallurgy, 3830 
Subliminal consciousness, 3183 ; nature 
and circumstances, 2305 ; Myers’ 
tlieory, 3382 ; see also Hypnosis, 
Subconscious, etc. 

Submarine navigation, 2280 
Subscriber (teleplione) apparatus, 5880 
Subsidence, in building, 331 

— of coast-line, 625 

— in geology, 1352 

Subsoil, 1071 ; cultivation, 430 ; drain- 
age, 781 ; formation, 1502 
Substance, law of, 313, 2063 
Substitution, in chemical fornuilfr, 2714 
Substitutions, in algebra, 1818 
Subterranean rivers, formation, 458 
Subtraction, in algebra, 1820 ; in 
arithmetic, 90, 93 ; compound, 
229 ; of fractioust 548 ; recurring 
decimals, 885 

Sucker, in lampreys and hags, 3070 ; 
liver fluke, 3969, 3960 ; of octopus, 
3116 


Suction dredger, 1826, 1827 

— gas, manufacture, 6818, 6827 

— pumps, kinds, 1080, 5931 ; geo- 

graphy. 3278, 3450 

— French, geography, 3278, 3454 
Sudbury, Out., nickel mines, 5981 
Sudbury, river, pipe arch bridge, 2739 
Suez Canal, description, 3452, 5486 
Suffixes, in chemical notation, 1045 

— ingraminur, Knglish, 117 ; Esperanto, 

580.5, 0093, 6237. 0381, 6524; 
Italian, 3209 ; Spanish, 2628 

— in shortliand, 1102 

Suffolk bricks, description, use, 1520, 
1947 

— punch (horse), 2073, 2075 

— sheep, 2361, 2305 

Sugar, analvsis, 4554 : boiling, 3830 ; 
crystallisation, 3830, 4452 ; curing. 
3831 ; Demerara, 3831 ; dictionary 
of, 3055 ; duty, effect on prices, 
4559; fcK)d, value, 3601, 3652, 
function in dietetics, 3111 ; lactic 
acid, source of, 4782 ; mamifactur- 
ing processes, 4451-4455 ; marks, 
4559 ; moisture, test for, 4.5.56 ; 
Musc(»vado, manufacture, 3831 ; 
oral digestion, 674 ; in plants, 636 ; 
refliiiiig, proeesses, 44ijl ; reiide- 
ment, test for, 4556 ; sources, 
3652. 4351 ; sweet making, 5494 ; 
varieties, 3652, 4351; weight 
deliv« ry and payment, 4.559 
— . beet, bounty system, 4049 ; differ- 
enee from cane, 3652 ; factory, 
4161; manufacture, 4160, 4166 ; 
strontia, use of, 4164 

— cana.\', 36.52, 4165 ; stuirce, 4353 

— , cane, dextrose from, 3705 ; factory, 
3831 : inversion proeesses, 3705, 
4166; manufacturing, 3827-3831 

— grape, 2878 

— Indian, preparation, varieties, 4353 

— of lead : sec Lead acetate 
— , maize, production, 4354 

— maple, manufacture, 4351, 4352 

— of milk : see Milk sugar 
— , palm, sour<*e8 of, 4352 

— sorghum, cultivation, 4354 

— vanilla, niamifactiirc, 3597 
Sugar-beet, 4959; cultivation, 4047, 

4959 

Sugar*«»ne. 355, plate facing 3649; 
cultivation, 3653, 3654, 4962 ; uses, 
4962 ; varieties, 3652, 3653 
Suggestion, psychic, connection with 
hypnotism, 3663 ; ettlcacy of 
magnetic belts, 4246 ; hysteria 
cureti by, 6264 ; nature and 
problems, 3288 ; in sleep, 2549 
Suiiit, of wool, removal, 5639, 6198 
Suit, drafting and cutting, 1113, 1289, 
1460, 1551, 2874, 4195 

— sleeping, child’s, 4050, 4052 
Siikkur Bridge, structure, 2736, 2739 
Sulina. river, 2165 

Sulphates, 1721 ; in earth’s crust, 768 ; 
formation, 362 

Sulphides, in earth's crust, 768 ; paral- 
lelism witli oxides, 1718 ; reduc- 
tion, in metallurgy, 356, 3836 
Sulphonal, 4128, 5469 
Sulphur, in Bessemer pig iron, 4907- 
4910; chemical properties, 1444; 
use as disinfectant, 50.5.5 ; distri- 
bution, 3772 ; in earth’s crust, 239 ; 
action on indiarubber, 808, 809; 
in living matter, Bastian’s exoeri- 
ments, 1444 ; medicinal effect, 
1718 ; native, 787, plate facing 
1345 ; occurrence, refining, 6757 ; 
precipitate, 4405 ; recovery pro- 
cesses, 4625, 4771 ; in steel, 4747 ; 
use and sources, 5308 ; in vulcan- 
isation, 5312 

— dioxide, preparation, 4626, 4627 ; 

uses, 1719, 0354, 5404 

— dyes, kinds, use, 6194 

— flowers of, 4625 ; use, 1676 

— “ showers,” in pine woods, 729 

— trioxidc, chemistry, 1719, 4626, 4630 
Sulphuretted hydrogen, properties, 

362, 1718, 4404 ; in air, 3720 
Sulphuric acid, in art metal- work, 6627 ; 
chemistry of, 362, 1444, 1720, 3261; 
ill deiiming hides, 2856 ; as disin* 


feotant, 5055 ; manufacture and 
Plant, 1720, 4626-4633 ; Nord- 
hausen, manufacture, 10:17 
Sulphuric ether, discussion of name, 3139 
Sulphurous acid, 1444, 1720, 5359 ; 
in air, 3720 ; uses, 4627 : see also 
Sulphur dioxide 

Sultans, fowls, points, 4958, 5624, 5625 
Sumach, 3012 ; use in dyeing, 5780, 5905 

— tanning process, 3163 

Sumatra, coins, weights, and measures, 
409 ; get)graphy, 3161 
Summarising, in journalism, 3975 
Summer, cause, 15 
Sump, in drainage. 737, 780, 3457 
Sun, age, 2027 ; altitude of, 1016, 6660 ; 
chrouK)8phere, 0252 ; corona, 6252 , 
corpuscle emission, 4700 ; course, 
eijuinox, 203 ; declination, in 
navigation, 6660 ; description, 

6250 ; distance from earth, 6404 , 

dissociation in, 4i:J6 ; eclipses, 
6.564; energy of, in animals and 
plants, 4132 ; energy and shrink- 
age, 664, 6252 ; heat and energy, 
6252; heat in power production, 
5127 ; importance in vegetable 
world, 172; influence of gravita- 
tion on earth, 621 ; influence on 
tides, 533, 5 : 0 , 1017, 6219; 

magnitude, 6697 ; motion of the, 
549 : nebular theory of, 6702 ; 
parallax, calculation, 6404, 6405 : 
photosphere, 0249, 6251 ; promin- 
ences, pUUe faring 6241, 6252; 
power supply, 5011 ; purifying 
agent of air, 3799 ; radiation pres- 
sure on eartli, 3620 ; rising and 
setting, 0115; rotation, 6250; 
shrinkage and solid ill cat ion, 6252 ; 
th(* source of life, 1 1 ; spectrum of, 
3371 ; spots, 2949, 4246, 6249, 

6251 ; a temporary star, 6699 
terrestrial elements, 0252 ; ann 
tides, 555, 550 : worship of, 501, 
502, 6772 

Sim birds, description. 2209 
Sunday closing, law of, 46 
Sundews, 354 ; carnivorous propertirti, 
277, 352, 508, 507 

Sunflow'cr, culture, 6530, 0531 ; florets 
plate facing 728, 731 ; self-polliua- 
tiou, 909 ; sewage plant, 4.54!) 
Sunlight, heat rays, 2060 ; hygieun 
value, 5193 ; painting of, 429*) 
4302 ; Young’s experiments. :{3o; 
Sunn liemp, distribution, fibre, 719 
Sun-plant, 173 

Sunray skirt, making, 055, 057, SOI 
Sunrise and sunset, explanation, 11 
Sunset, cause of colours, 3728 
Superannuation Act, pensions, 18.52 

— railway staff, 4381 
Superelevation, railw'ay construction. 

3012 

Superlative, in grammar, explained, 1 1 ► 
Sni>er phosphate, manufacture, 5586 
Suiwrs, of bee-hive, 5900 
Supine, in Latin, 244, 1334 
Supervision, in business, 6518 
Supply systems, electric, 2245 
Supraliminal self, Myers’ theory, 3382 
Surat cotton, description, 384, 1701 
Surds, algebraic, 3521 
Surf coasts, unfavourable to commerce. 
4498 

Surface, in geometry, 42u7 

— in mathematics, measurement, 1442 
Surface-contact system, electric tram- 
ways, 1930, 2273 

Surface-platc, testing tool, 3688, 4702 

— tension, in physics, 1270 
Surfacing table, in building, 1950, 1951 
Surgeons, navy, 4402 

Surgery, antiseptic, 2878 ; books on, 
5424 ; dental, 5449, 5551, 5772 
Surgical instrument dealers, bus'iness 
of, 5491 

Survey, ordnance : see Ordnance survey 
Surveying, 157, 158, 262; books on, 
1017 ; instruments, 262 ; know- 
ledge by estate agent, 5284 ; 
niuhicipal, county, and dlatriet 
surveyors, 454 ; photogrammetry, 
6634 ; plane table, 710 ; oi 
streets, 2422, 2423 
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SuffwT«« 


Surveying, marine : Bet Hydrography 

— quantity : Btt Quantity Rurv eying 
Surveyors, 161 ; Admiralty post«, 

3196 ; of borough council, 320 ; 
in tlie colonies, 3741, 3743 ; exami- 
nations, 160, 5285, 5286 ; in- 

suraiice, 4850 ; quantity, 1911, 6343 
Surveyor of taxes, 3333 ; appointments, 
3765 

Survival of tl^e fittest ; &et Natural 
- selection 

Suspense account, bank, 4440 ; in book- 
keeping, 2882 

Suspension, of under-carriages, ; 
in vehicle construction, 2725 

— bridges, 2498, 2499 ; stability of 

chain, 27ii3, 2764 

Suspensory ligament, of eye, 2954, 3178 
Sussex cattle, 2235, 2237 
Sutlej, river, course, 2563, 2820 
Suture, in anatomy, definition, 1604 
Swage, use. 2983, 29S5, 3385, 4586 
Swaging, in iron working, 235 
Swallow, 3210 ; food, 2493 ; toe-bones, 
436 

Swan. 2213, 2494 ; eourtshijj, 2505, 
2500 

Swanley, training for gardening, 322 
Swan-neck pipe, gutter, 5793, 5796 
Sw'arm of bees, described, 59.57, 5959 
Swathe-turner, arid use, 1630 , 3849 
Sweat glandK. excretion, 1419, 1423 
Swede, 942-944 ; cultivation, 1231, 
1232 ; harvesting, 1665 ; as live- 
stock food, 2704, 2906, 3891 
Sweden, coins, weights, and measures, 
410 ; craniology, 1780 ; economic 
conditions, 5708 ; fauna, 1424 ; 
geography, 1561 ; history*, 2948 
(1397-1718), 5396. 6201, 6246; 

iron ore output, 5300 ; language 
affinities, 1771 ; touring, 1421 
Sw'edish language, translation fees, 
1920 

Sweep pieces of van, 2S29 
~- strokes, in w(mj( 1 carving, 6130 
Sw'e<*j)ing, in mo\ilding, 2459 
Sw’eet chestnut, 503, 504 ; husk, 1114, 
1116 

— makers, list, with specialities, 5494 

— l)ea, culture, 0488, 0489 

— sellers, business of, 5493 
Sweet briar, garden hedge, 6318 
Swift, .lotiafhai), author, 1901, 1902 : 

importaiice in fiction, 2963 
Swift, 2211 ; edible nest, 2507 
Swim-bladder, of fish, 871, 1491, 3066 
Swimmerct, of decapod, 3807, 3S08 
Swinburne. Algernon Charles, poet, 
1437, 2687 
Swine : set Pig 

— fever, 2625 ; immunity of human 

beings, 6513 

Swing bridges, structure, 1224, 2886 
Switch, telegraphic, .5537, 5536 

— teleplu)ne, automatic, 5682, 50&3 
Switch-l)OX, of coal-cutter, 3504 

— plants, deseriptioff, 503 
Switolies, railway, 3609, 4080 ; see also 

Points 

Switzerland, coins, weights, and mea- 
sures, 410; economic conditions, 
5825 ; geograpljy, 1837 ; history, 
medifpval, 4399 ; labour saved by 
non-militarism, 5097 ; mountain 
railways, 2270 ; touring, direc- 
tions. 940, 1809 

Swivel bearing, line shafting, 3264, 3265 
8word-ftsh, liead, 3007, 3069 
Swords, temper, 4740, 5524 
Sycamore, 353 : keys," 94, 912 ; 

timber, 57, 1200 

Syllable, in grammar, 122 ; in French, 
division, 448 

Sylviculture, training, 4679, 4929 
Syllogism, in logic, 6098 
Syniludism, in cohuir, art, 722-720 
Symbols, actuarial, 4728 

— in chemistry, list, 517, 693 

— in logic, 6(Kt9 

— mathematical, 89 

— musical, 38 

— shorthand, 48 

Symmetry, in architecture, 2283. 2284, 
2280 ■, in design, 5819-5820; in 
drawing, 2320, 2321 

6996 


Sympathetic nervous system, 674, 1941, 
1944 ; and involuntary muscles, 
1712 

Symphony, in musical form, 634 
Symptoms, of disease, 5539, 5540 
Syncope, grammar, 1616 

— disease, 2794 
Synovia, definition, 1709 
Syntax, definition, 115 

Synthesis, chemistry, 237, 4014. 4128, 
4135 

— in philosophy, 2016 

— in psychology, explained. 2803 

— of vital products, Meldola, 2710 
Synthetic languages, 117 

Syphon, 1140, 1141, 1575 ; use in water 
supply, 1686 

— of sewer, consfruetion, 4459 
Syphons, aerated water, filling, 6392 : 

' tops, 6392, 0393, 6394 
Syplioning out, in drainage, 781 
Syria, geography, 2719; annexed by 
Turkey, 6447 

Syringe, principle of the, 1141 
Syrup, in aerated waters, 6302 ; golden, 
3831 ; maple, 4351 ; sorghum, 
l)roductioii, 4354 
System, business, 6518 

T-8QUARC, arehitcePs, 5420; in 
draw’Ing, 284, 1748 
Table, handbell, dimensions, 5575 

— for ironing, 2470 

— of moulding machine, 2541, 2542 

— of planing machines, 5001 

— textile printer's, 4499 

Tables, varieties and construction, 
5293-5295, 6585. 0587-0589 
Tablet apparatus. railw*ay, 4692 
Tabling, in masonry, 3035 , 3038 
Tabular petty cash book, 2203 
Tabular work, in typewriting, 1697 ; 
changes, 1920 

Tabulator, 1697 ; use in factory, 6644 
Tacli(‘ometer, in surveying, 159, 710 
Tacln‘ometr>*, in surveying, 711 
Tacitus, historian, 1938, 2068 ; opinion 
on Cliristianity, 1830 
Ta<’kitig, in dressmaking. 191 ; milli- 
ners*, 4505 ; in needlework, 150 

— in ship navigation, 6410 
Tackles, ship’s, kinds and uses, 6408 
Tacks, hoot-making, 40i7 

— in rwfing. 4868, 4870, 5033, .5035 
Tadpole, evolution. 2801, 2802 
Toil, of decapods, 3800, 3807 

— prehensile, use by mammals, 1871 
Tail, in slating, 4866, 4867 

— board and chain of van, 2828, 

2829 

Tailing, in brickntaking, 1282 
Tailor, business of, 471,5.597 ; employ- 
njcnt conditions, 2051 
Tailor-bird, imst, 2507 
Tailoring, 1110: men's, 2872, 2004 \ 
women's, 1840 

Tailpiece, of viola, 2823 ; vi<»Ijn, 2122 
Tait, J'rof., <*oiis(*rvatioii of energy, 
2062 ; on wave, interference, 3229 
Talc, mineral, 768, 812, 6744 
Tallow, 1032, 4832 ; in hard soap, 
4964 

Tandionr, in guitar playing, 3762 
Tambourine, musical instrtinient, 5569 
Tamping, in blasting, 2584 ; of mine 
charges, 6274 

Tam worth pigs, 2305, 2368 
Tandem condcn.sjng engine, 6069, 0070 
Tandem cycle, construction, 3774, 3779 
Tang, of knives, 5474, 5477 
Tangent, in geometry, 792, 5198, 5337, 
5783; of ellipse. 1411 

— iF» trigonometry, 6231, 6499 

— point, in railway curve, 801 
Tangential motion, in physics, 550 
Taiigye lifting jack, 1220 

Tank, domestic water heating, 6016 

— makers, employment, 2646 

— sewage disp'isal, 4549, 4742, 6764 
— ■ slated, 3243, 3248 

— water, construction, 1404, 3615 
Tannic acid, 3012, 3013,^ 3823 ; in 

English oak, 2827 : in dyeing, 
5779 ; gallic acid hydrolysis, 3822 ; 
preparation, use, in tea, 3378, 
3822, 4008 ; in writing ink, 6366 


Tannin, sources of, 1165, 3012, 5366 ; 
tea constituent, 6554 ; tea without, 
3378 ; use, 6065 
Tannins, industrial uses, 5770 
Tanning, 1165, 3018, 3162, 3217; 

agents, 6065 ; early history, 2851 ; 
materials for, 1165, 3012 
Tantalum, electric lamp, 2682 ; wire, 
use, 5171 

Tap, forms, sections, 4480, 4481 

— temper, 4746 

— plumbing pipes, 5029, 5633 

— wrenches, function, 4586 
Tape, bootmaker’s, use, 4015 
Taper, casting, 2340 ; grinding, 3404, 

3408 

— lighting, manufacture, 4840 
Taper-tiiniing, latljc, 4915, 4920 
Tapestry : set Carpets, 

— carpet, design, 3358, .3359, 6596 

— curtains, 6722 

Tape-worms, description. .30.59, 3900 
Tapioca, 3312 ; digestibility, 3314 ; 

sources, 4959 ; starch, 5305 
Tapir, description, 1761 ; similarity to 
fossil horses, 1179 ; hand, modifi- 
cation, 1809 

Tar, distillation, 5465 ; books on, 6689; 
for footpaths, 2430 ; macadam 
roads, 2182; as nibbcr solvent, 
5309 ; source, 46.58 ; varieties, 
1163 

— coal : see Coal-tar 

— extractors, gas manufacture, 6821 

— oil, 5462 ; use, 52 
Tarsus, human, 1348, 1709 

Tartar emetic, 1162 ; in dyeing, 5781 ; 

preparation and misuse, 3704 
Tartaric acid, in baking-powder, 4774 ; 
Bources, 3112, 4782 

Tartars, craniology, 1786; ethnology, 
1789; invasion of (3iina, 218; 
Russia freed front, 6200 ; wars 
with Russia, 2948 
Tartrates, formation and uses, 3704 
Tasmania, aborigines, 1785 1788; 

climate, 3468; economic con- 
ditions, 5661 ; farming, 3468 ; 
geography, 3900, 3901 ; land 

purchase, 3469 ; trade, 3409 
rassel-tail (insect), 3362, 3303 
Taste, organ of, 197, 2.'>35, 2530 
Taurus, zodiac sign, 6251 
Tawing, leather, 1166, 3163, 5119 
Taxation, Augustus’s Reforms, 1829; 
extortions of Henry Vlll. ; Trajan's 
reforms, 2069 

Taxidermy, practiw! of, 6320^329 
Taximeter, use by London cjabinen, 4188 
Tay Rridge, 982, 2730 
Taylor, .leremy, divine, 1335, 1640 
Tea, 0553', adulteration, 3718; adul- 
terants, 6581 ; analyses, 3378, 
6554 ; chemical pro])ertieH, 4007 ; 
China, 3823, 5658, 6553 ; cultiva- 
tion, 4901, 6553; dietetic value, 
3377 ; check to digestion, 677 ; 
extract, 3705 ; gallic and tannic- 
acids, 3822 ; make, 3378 ; K :sginn 
preparation, 1525 ; stains, removal, 
2.590 ; voice effect , 2539 

— shops, London, catering, 5583 
Teachers, colonial, 3741 ; elementary, 

L.C.C., 1678; training, salaries, 
etc., 104 ; women’s training, 323 
Tea-gow'us, making, 3590 
Tea- jacket, infants’, 3745, 3855 
Teak, 57, 6891 ; strength, 1200, 1393 ; 

uses, 2827, 4658 
Tear, in physiology, 2400 
Teasing, silk w’aste, 1246 ; w<kj 1, 1124 
Teasle, 354 ; protection against ins<iots, 
1114, 1116 ; use, 4106, 4108 
Technical colleges, 1680, 1783 
Technical education, domestic science, 
321 ; English colleges, 48:^ ; 
engineering, deficient in England, 
155 ; L.C.C. staff and salaries, 
1679 

— - institutes, 6341 ; salaries of teaching 
staff, 6478 

— schools, 1782 

Technique, pianoforte, 1210, 1750 
Tedder, in agriculture, 1628, 1630 
Tee, girder, 544 

— grooves, milling, 3402 
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Tee, section, in plating-shop, 3096 , 8103 
L'eetL braeing work, 3884, 3886, 3881 ^ 
Teeth, animal, 1761 ; evolution, 3065 ; 
of narwhal, 2156 ; as weapons, 
2166 

— artiilcial, making and fitting, 5861^ 

6856 , 6020, 6033 

— children's, care of, 4864; cutting, 

4684 : regulation, 6035 

— of cutters, 3680, 3666 

— of gear wheels, forms and design, 

3638 , 3666, 3668 , 3922 , 3924 

— of horse, 2079 

— human, 676 , 677 , 6661 \ crowning, 

6033: filling (stopping), 5552; 
function in singing, 6049 ; influ- 
ence (Ml health, 5640 

— of milling cutters, forms, 4260, 

4261 

— marUHe,392f 

— of saws, kinds, 3753, 3756 , 4481 

— of wheels, moulding, 2543, 2544 
1'eething, of children, 4684 
Tclefunken, wireless telegraph, 3893 
Tclegony, doctrine, refuted, 1587 
'J’eiegram, code, bank work, 4588 ; 

despatch, 4605 ; press rates, 4669 
Telegraph Acts, provisions, 1978 

— lineman, railway, 4691 

— lines, erection, 6323-2325 

— service, women, 2807 

— messages, forms, 4605 
'relegrapldst, iriining, 4382 
Telegraphy, artificial circuit, 5241, 

5243 ; battery resistance, 5242 ; 
capacity faults and remedy, 5178 ; 
differential system, 5241 ; develop- 
ment, 4382 ; duplex working, 4668, 
5243 ; double-current duplex, 5178, 
5242, 6243 ; duplex working, 4606, 
5241; history, 128; ink writer, 
4383 : instrument-room, 4605 ; 
long circuit, 5242 ; manual vcrnnf 
automatic system, 5244 ; riiilcag<; 
in Great Britain and Germany, 
130, 131 ; news distribution, 466H, 
4670 ; quadruplex working, 4668, 
6243 ; railway, training of signal- 
man, 4690; in reporting, 4192; 
speed, 4605 ; switch, duplex and 
simplex, 6241, 5242 ; systems and 
instruments, 5391-5395 ; type- 
printing telegrapiis, 5393, 6396 ; 
trafilc routes, 4605 
Teleology, Myers’ thef.>rie8, 3384 
Teleostei (fishes), 3065, 3071 
Telestonei (fishes), 3066, 3067 
Telepathy, and apparitions, 3626 
Telepathy, importance in Myers’ cosmic 
theory, 3384 ; inadequacy of tenn, 
3661 ; instances, 3661 
Telephone, culls, London analyses, 
6180; apparatus, 5081; calling, 
5879 ; central energy system, 
5878-5881, 6179 ; circuits, 5682- 
6684 ; clear signal, 5879 ; cord 
circuit, 5878; engaged test, 56'^/, 
5879 ; first commercial use, 128 ; 
connectJiig up subscribers, 6463 ; 
in Great Britain, cajutal value, 130 ; 
intermediate distributing frame, 
6079 ; invention, 5680 ; insulation 
test, oontinnoiis, 5880 ; keyboard, 
5881 ; London (■eulral Excliange, 
6179; main distributing frame, 
6078, 6079 ; metering the call, 
5879 ; number and mileage in U.K., 
6538 ; operating cal's, 5683 ; 
operator’s apparatus, 5879 ; 
pole and wire erection, 632,^-6325 ; 
switch, connecting up, 6080 ; 
switch section. 5879, 5880 ; 

telegraph cull-wire system, 6181 ; 
testing circuits, 6080; three-con- 
ductor plug, 5880, 5881 ; through 
Call, 5881 : traffic, London analysis, 
6180 ; underground cables, 6078, 
6461, 6462 , 6463 ; cable, colour 
code, underground codes, jointing, 
6463 

— call offices, rental by sliopkeepers, 

&&09 

— lines, erection, 6323-6325 

— messwe ftirm, use, 194 

— opermiocB, post-office, 2811 
I’elephotography, lens, 6128 


Tdeacope, 2949 ; discovery, 2903, 6241 ; 
equatorial, 6246 , 6247, 6249 ; 

function, 6247 ; Galileo’s im- 
provements, 2940 ; kinds 
and construction, 6126 ; photo- 
graphic eyepiece, 6247 ; applied 
to surveying, 265, 372, 710 ; tran- 
sit, 6246 , 6246 ; varieties, 6247 
Teleutospore, of wheat rust, 1667 , 1669 
Tempera painting, methods, 1022, 1023 
Temperament, tyi)es, 6701 
Temperance beverages, dangers of, 3379 

— reformers, early work. 5670, 6671 
Temperate r^ions, classification accord- 
ing to e<x>nomic conditions, 5060 ; 
physical conditions, 4494 

— zone, 293 ; cultivated plants of, 628 
Temrierature, 1564 ; absolute, 1800 ; 

of animals and man, 439 ; atmo- 
spheric, 294 ; ball(x>n observations, 
3982 ; f)ody, normal, 96 ; normal, 
regulation, 439 ; conditions essen- 
tiat to life. 277 ; critical, of gases, 
1741 ; effect of alcohol, 3377 ; in 
engineering (importance), 1806 ; 
oceanic distribution, 554, 555 
Tempering, in brickmaking, 1281 

— in metal-work, 236, 4465, 5524 
TemjKjrs, for steels, 4749 
Template, 3035, 3039 ; lens, brass, 

6123, 6124 ; stone for girder, 
3242, 3243; of ship, 5019, 5740, 
6918 ; in structural ironwork, 5791 
Temple, Assyrian construction, 2658 ; 

Egyptian, 2520, 2522 ; (ireek. 2859 
Templet, 3386 ; architects* drawings, 
6698 ; in coppersmithing, 3885, 
3880; cylinder bore, 3317, 3319; 
in floor construction, 4445 ; mason'.s, 
2838 ; mitre, for mouldings, 5J8'i ; 
roof, 4248 ; w’orkshop, 3633 

— board, in making engines, 3885-3889 
TemiK>ral bone, 1348, 1604, 1605 

— lobes, of cerebrum, 2144, 2146 
'J’emporury way, railway, 3252, 3253 
Temptation, immunity from, 6784 
Tenacity of matter, 1375 ; of metals, 

3838 

Tenancy, law conc'^rning, 6846 
3’endo.noy, in heredity, 1587 
Tender, locomotive, 4599 
Tendon, of muscle, 1711 
Teniers, the younger, painter, 394S 
Tennessee, geography, 4172, 4174 
Tennyson, Alfred, Lord, iK)et, 1434, 
1135; bibliography, 2787; dra- 
inatle works, 1152 

Teium, joint : see Mortise and tenon 

— stub, in staging, 1176; in trestles, 

1173 

Tenoning machines, 0755 
Tenor clef, in music, 10.59, 1060 

— part, in harmony, *364 

— voice, characteristics, 6060, 6182 
Tense, English verbs, 116, 757 ; French 

('orniKUiiid, 1 476 ; German, use of, 
3501 ; Italian, use, 6523 ; Latin 
rules of sequence, 1334 
1’eTisile strengtli of materials, 210, 125*3 
Tension, in a belt drive, 3269 ; in 
backstay and pier, 2763, 2764 ; of 
a stress, 1256, 1260 

— bar, in enjpnceriiig, 1643, 1645 
~ bc>om, of girder, 450 
Terebinth tree, exudations, lo:U 
Terminal, in elect rievty, 288, 103 
'rermite, white ants, description, 3364 
'Terms, algebraic, 1818, 1819 

— imi>ortance of deflnition, 484 

— of syllogism, distribution, 6093 
Terne-plates, manufacture, 616;j 
'Terpenes, 3487, 4968 

Terra-cotta, architectural, 5777, 5778 ; 
in building, 644, 2780, 2782 ; 
bonding with, 2177 ; in damp 
course of walla, 2264 ; detail 
drawings for 308, 2780 ; for 
Are resistance, 4754 ; firing, 
6778 ; in floor construction, 4766. 
4758 ; glazing, 6839 ; for internal 
partitions, 4769 
Terre vertc, pigment, 871, 5145 
Terraces, mining in, 2849 , 2860 
Terrawode, for partitions, 4757 , 4759 
Tertiary rocks, 2067, 2254 
Tessellated pavement, in building, 049 


Test Act. 4841 

— box, telegraph, use, 4386, 5636, 6637 

— hydraulic, 3964; impact, appliea- 

tiou, 3962 ; steam pressure, 3964 

— pump, 1082 

— tube stand, use, 4404 
Testing of boilers, 3106 

— in engineer's workshop, 2109, 

396 1-, 396 8 

— of plane surfaces, 3688 

— machines, 205, 1259, 1261, 1392, 

1,395, 1521, 1700, 1701 

— room of high-speed engines, 3967 
Testis, in the liydra, 381, 382 
Tetanus, cause, 5412, 6542, 6781 
Tetragonal system, crystal, 766, 6730 
Tetrahedron, in drawing, 1747, 1749 
Teutonic languages, 1771 ; relation oi 

English and (merman, 248 

— races, ethnological survey, 1790 
Texas, cotton, 4172 ; petroleum de- 

po.sits, 4172, 6007, 6011, 6014 
Textiles, design, 2939, 2944, 3153 ; 

design and structure of clotlis, 
5507, 6508, 5980, 6386-6390,; 

books on, 6728 ; dicilonary of, 73 ; 
examinations, 5511 ; .'am, count, 
2895 

— operatives, employmenr, 2649 
Thackeray, William Makepeace, novel- 
ist, 3440, 3441 

Thallua, deflnition, 165, 1368 
Thames, river, bridges over, 2497, 2498, 
2499 ; climate and rainfall of 
valley, 984 ; course, 456, 1274 ; 
estuary, 980, 1275 ; strata of bed, 
528 ; tides, 556 
Thatching. 1631, 1664 
Thea assumira and chinensis, cultiva- 
tion, 6553 

Theatre, analysis of air, 3801 ; in 
Elizabethan age, 84.5 

— band, instrurnenta, 5889 
Theatrical agents, 6885, 6868 
Thebes, Macetlonia under protection of, 

774 ; subject to Piiil P II. of 
MacedoJ, 775 

Theine, dietetic value, 3378, 6 54 ; pro- 
perties, use, 4007 ; in tea, ^ 178, 6554 
Themistoclcs, his career, 773 
Thenard's blue, composition, >985 
Theobromine, in cocoa, 3378, 4007, 
6536 ; dietetic value, 3378 
Theodolite, adjustments, 268 ; in build- 
ing, 309 ; care of, 269 ; in marine 
surveying, 159, 1018 ; in railway 
surveying, 801 ; in surveying, 158, 
265 ; in traversing, 367 

— transit, 267, 269 

Theology, English eighteenth century 
theologians, 2054, 2141 ; living 
tlieologians, 2786 ; see also Bebgioii 
Theorem, in g(?ometry, 4208 
Thermal conductivity, standard, *2001 
Thermit, uses, 236, 5993, 6456 
Tliermodynamics, laws, 2061, 5413 
Thermographs, construction, 6129 
Thermometers, varieties, 1565 \ matin - 
factnre, 6128 ; scales of measure- 
ment, 1564, 6128 
Thermopile, in electricity, 129 
Thermopylaj, account of battle, 772 ; 

(iTvek victory (1823), 6448 
Tlicser.s, temple at Athens, 141, 2839 
Thimble, dressmaker’s, 185, 3093 
Third, aritlniieticnl term, 1715 

— estate, French, 5111 

— rail system, railway, 2270 

Tliirst, physiological deflnition of, 383 
Thirty Years W'ar, 5110, 6445 
Thistle, 354 ; bract, 1115 
Thistledown, in fertilisation, 912 
Thomson, Prof. E., electricity meter, 
2813 

— James. i>oet, 994, 995 

— J. A., biological works, 1791 

— Prof. J. J., corpuscular theory 

of matter, 2294 ; electrical nature 
of chemical forces, 2297 ; ou 
ascous ionisation, 4700 ; on 
athode rays, 4090, 4103 ; periodic 
law' and valency, 1915 
Thoracic duct, anatomy, 1196, 1196 ; 
function, 676, 677 

Thorax, 30, 197, 1300, 134g; bones ot. 
1605, 1606 
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Tliorax, of insects, 3:i62 
Thorium, chemistry of, 1160 ; radio- 
activity, 2029 ; in Welsbacli 
burners, 6026 

Tliotn-apple, 354 ; alkaloid, 4009 
Tlioroughpin, in horses, treatment, 2622 
Thought, defined, 3661 ; laws of, in 
logic, 6100 

— transference, 3661,3662 

Thread manufacture, 2707 ; cotton 
yams, 224 ; silk, 2598 
Thread, screw, 886, 3004, SOOf,, 3922- 
3925 ; cutting, 3628-3630 

— ill weaving, cutting device, 3636 

— in woollen manufacture, 70 
Three-colour printing, textile, 4501 
Three-colour reproduction, 6483, 6486 
Three-end twill, design, 2941 
Three-part Joints, casting, 2337, 2339 
Three-phase currents, J906y 1907 f for 

traction, 2089 

Three-ply carpet, invention, 3360 
Three point problem, surveying, 1018 
“ Three Sisters,” Vecchio’s ]Mct.ure, 3797 
1’hree-wire system, electric lamps, 224f} 
Threshing, in agriculture, 1664 ; 
machine, 1848 

Thresholds, construction, 3241, 3248 
Throat, in building, definition, 2267 

— complaints of, in pigs, 26*26 

— 111! man : see Pharynx 

Throat lash, of harness, 4886, 5057 
Throat-plate, fire-box, 3101, 3103 
Throstle, spinning frame, 2441, 2594 
Throttle llrotherhood engine, 6072 ; 

equilibrium, double-faced, 6750 
Throttling, in steam engine, 5643 
Throw, ill geolog\’, definition, 1925 
Throw of the eccentric, 828 
Thrush, 2210 : nests, plates between 
2497 and 2498, 2507 
Thrush, disease, 4682, 6132 
Thrust, of an arch, principle of, 2760, 
2761 ; of vault and dome, 3145 
Thunder, peals of, cause, 2102 
Thunderstorm, effects on air, 3799 
Thwaites cupola furnace, 2863 
Thwarts, in shipbuilding, 5736 
Thyme, 354 ; culture, 6675 
Thyroid body, human, 2144 

— cartilage, of lar> nx, 2537. 2539 

— gland, anatomy, 1195 

Tibet, ethnology, 1 789 ; geography, 
2974, 2977 

Tibia, human, anatomy, 1348, 1708 
Tibullus, in AugnstaTi era, 1829 
Ticket, railway, 4812, 4814 

— collectors, wages, 4804 
Ticking, mattress, varieties, 6720 
Tickler, in knitting, 4621 
Tickling, sense of, 1422 

Ticks, habit.s, 3805 

Tidal friction, and retardation of earth 
and moon, 620, 6,565 

— water, pollution, 4548 

— wave, effect on coast, 6218; in 

rivers, .5333 

Tide, cause, kinds, range, 5333, 6219, 
6565 ; Prof, (icorge Darwin’s 
theory, 549 ; disturbing iiiflucueps, 
1017 ; effect on coast, 6218 ; 
erosion of coa.st. 1813, 5577 ; lunar, 
solar, 555, 6565 ; in navigation, 
4498 ; observatirjii and measure- 
ment, 373, 1017 ; ocean, 554 ; p^jssi- 
ble power production, 5011, 5128 

— tables. Admiralty, 6658, 6662 
Tic beams, nxif, 4248-1253, 5749 

— of girder, 540 

pieces, copnersniitliing, jointing, 3886 

— rod, in braced structures, 544 ; 

in carpentry*, 3540 ; of engine 
frames, calciilatifui of load, 4206 ; 
forging, 2984, 2987 ; in mechanical 
construction, 416 ; for timber in 
staging, 1174; of tni.ssed beam, 
4039 

Tierra, Andes, 4280 ; Mc.xico, 4175, 
4176 ; Venezuela, 4287 
Ties, in building walls, 2263, 2260 

— iron, in building, 5797 

— ill stencilling, 5977 

Tiger, fur and skin, 0428 ; papillte ot 
tongue, 2535 

— beetle, description, 35 lo, 3511 
Tiger flower, tighdia, culture, 6490 
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Tiger molh, scarlet, plate facing 3361 
Tile, ))aving, 2516 ; encaustic, manu- 
facture, 5776 ; marble, 3246 ; 
for tessellated pavementa, 5776 
— roof, kinds, sizes and fixing, 644, 645, 
4869, 4870 ; coloured glazed, 

5384, 5385 ; for concrete roofs, 
4758 ; gla.sa. 4872 ; Venetian, 
4872 ; weight, 2998 
Tile-creasing, wall protecting, 2267 
I’ilers : see Slaters and tilers 
Tillage, in agrioiiltiire, 430 
Tiller, in shaft sinking, 2666, 3461 
Timlier, in architecture, 140 ; in bridge 
building, 2497, 2499 : as building 
material, 51, 53, 453, 1454 ; in 
building foundations, 335 ; build- 
ing'in brickwork, 2513 ; circular 
sawMng, 6143; commercial forms 
and tiualities, 3514; creosoting, 
5464 ; how indicated in drawing, 
2792 ; fireproof, 4752, 4753 ; 

grain, 3539, 3541 ; growth, felling, 
4680 ; heavy, tools and machinery 
for. 4644, 4646; ironwork, 5792. 
5793 ; forms of joints, 4039, 4041 ; 
4115 : market quantities, 3544 ; pre- 
8er\Mng, 3433, 3545, 5641 ; for 
nxifs, 4247, 4253 ; dimensions, 
4252 ; safety factor, 210 ; sawing 
and planing, 3753 ; in scaffolding, 
1170; ill shaft supports, 3457 ; 
shrinkage, 3539, 3541 ; sources, 
4602 ; storage, 3545 ; strength, 
testing, 1256-1261 ; strength varia- 
tion, 211; URCo, transport, 4667; 
see also Wood 

Timbering, mine, 3193, 3308, 3310, 
3505 

Timbre, of note, 2104 ; of voice, 6184 
Time, arithmetical problems, 1713; 
astronomii'al, 6120, 6665 ; English 
measurements, 226 ; civil, 6665 ; 
equation of, 6665 ; French expres- 
sions for, 1772; Greenwich, dis- 
semination by chronopher, 5536 ; 
Greenwich mean, 13 ; Greenwich, 
determination at sea, 6660 ; Kant’s 
doctrine, 2013 ; mean, 6665 ; 
mean solar, 6246 ; measurement, 
14, 1 5 ; philosonhic aspect, 6 ; 
prolileiiiR on (arithmetic), 1549 ; 
sidereal, 6120, 6665 ; in various 
parts of the world, 15 

— c«Kle, ill telegraphy, 4382, 4383 

— in music, 88, 40 ; double-bass, 3170; 

in pianoforte playing, 1891 ; signa- 
lure, 41 ; in tonic sol-fa notation, 
9*25 ; violin playing, 2125 
Timekeepers, classification, 5787 
'I'iniekeepiiig system, card records, 6519 
I’inie-tables, railway, 4803 
'J’imothy grass, description, 875, 879; 

plate faring 728 ; fertilisation, 729 
Tin, 3.56, 357, 1180, 4307; alloys, 358, 
3941, 6162; amalgam, use, 6163 ; 
analysis, 4414 ; casting shrinkage, 
2342 : eonductivity, 1397 ; distribu- 
tion, 3771 ; extraction, 4307, 6162 ; 
niiero-structiire, 3939 ; plate pre- 
ceding 3937 ; occurrence, 6161 ; 
paint for, 6572 ; physical proper- 
ties, 3837, 6161 ; recovering waste, 
6165 ; refining, 4307, 6162 ; sources, 
5308 ; strength, 1396 ; tootli- 
fllling, 5553 

Tin-foil, ill electric condenser, 3580 
Tin-plate, 358, 1045, 6163 ; workers, 
employment, 2644, 4647 

— salts, 1160; use in dyeing, 5779 

— whistle, aid to flageolet playing, 4486 
Tinder fungus, pest, 4928 

Tinned food, 3^2 ; Chicago, 3820 

— iron, electrolytic .skinning, 6754 

— leadfoil, rolling, .5987 
Tinning, purpose and pnxjess, 6164 
Tinsinithing, 4521, 4522 

Tinstone, formula, occurrence, 356, 1160 

Tintometer, colour grader, 6146 

Tintoretto, painter, 3797 

Tip : see under Hats 

Tip waggon, 1823 

Tipping, 3175 ; in soft grouhd, 3269 

Tissue, in botany, 168 ; cellular, 170 

— of human body, 196, 435 ; action of 

alcohol and chemJeal substances 
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on. 3017 ; cancellous, 435 ; mus- 
cular, 17W-1712 

Tits, 2210, plate, facing 2209; 'food, 
2493 nest, 2507 

— of t<k)l8, use, 4479 

Titian, painter, 3796 : " Assumption,** 
181 ; landscape palnthig, 4299 
Titles of address ; Italian, 6624 ; 
Spanish, 5803 

Toad, 2800 ; care of young, 2802 
Toadflax, 351, 354 ; pollen, 1114 
Toadstool, 166, 909, 1370, 3726 

— sponge, 1371 

Tobacco, areas of cultivation, climatic 
conditions, 4960 ; exported from 
(hiba, 4178, 5lt80; fermentation, 
grading, cultures, 4274 ; manu- 
facture, 4.373 ; p\an\fi, 4270 ; seeds, 
4270 ; effect on voice, 2539 

— plant, 354 ; culture, 6493 
Tobacconists, business of, 5600 
Tobin’s tubes, use, 4019, 6017, 6021 
Toe, ill bird's foot, 2209 ; of fossil 

horses, 1177; human, bones, 1709 ; 
modifications in mammals, 1869 
Toenails : see Nails 
Toggle, of lialloon lioop, 3978, 3080 

— lever, in moulding machine, 2541 
Toledo, 1132 ; Spain recovers, 2946 
Tolerance, value and dangers of, 2404 

— limits, in machines. 3694 
Toleration, factor of social progress, 

5532 ; principle of. 5390 
Tolu balsam, source, properties, 4969, 
6891 

Tolupue, from ciiaJ-tar, 5463, 5953 ; 

saccliaritie from, 5470 
Toluideiie, production, 5408; use, 3710, 
Tomatoes, 6675 ; market garden re- 
turns, 6836 ; pie, 2334 ; sauce, 
2001 ; soup, 1735 

Tombstones, quarrying blocks for, 2955 
Tone, in colour, CAiise, 3730 ; in draw- 
ing. 15;{4, 1792, 2184 

— In music, 1211, 1417. 1758; in 

singing, 6337 

Tones, in musical scale, i>osition, 272 
Tongs, crueible. in analysis, 4407, 4412 

— use in smiths’ work, 2984, 2985, 3108 
Tongue of lioiiey bet*, 3724 

— human, 2535, 25.16’ : diseases. 6132 
Tongue-sliell, description, 3958 
Tonguing, cornet, 5444 : piccolo, 4568 

— piece, of brougham, 2830, 2831, ;ii24 
Tonic, in music, 273 

Tonic sol-fa notation, 805, 921 ; books 
on, 925 ; teaching, 806, 024 
Toning and fixing bath, phoDi, 6681 
Tonneau, motor-car, 2464, 2830 
Tonsil, human, 577, 579, 2144 
Tonsilitis, symptoms, 6133 
Tool-box, of planing machine, 4999, 
5000 ; of shaping machine, 5004 

— grinding machine. 5212, 5214 

— rest, of lathe, evolution, 4912, 4914 

— slides, lathe. 4923, 4924 

— sDxils, nickel, 55i8t 

'riKiling, in bookbinding, 6776, 6779 

— machine shop, processes, 3316 

Tools, cutting, 3385, 3401, 4149; 

direct -driven, 5452 ; high-speed, 
steel alloys, 4748 ; non-cufting, 
3386, 3387 ; prehistoric, 2255 ; 

scraping, 4250, 4261 ; screwing, 
4480, 4481 : sharpening, 3388 ; 

shearing, 4584, 4585 ; solid, angles 
of, 4151, 4154 ; standards of mea- 
Biiremojit, 4701 ; steel and iron, 
early kinds, 5688 ; steel for, 4747, 
4749 

— dealers in, 2091 

— machine, 40(K), 4582, 4999, 5594 ; 

dictionary of, 3409 ; multiplication 
in single machine, 3322 ; testing, 
3963, 3965 

— pneumatic, 1803; portable, 5452; 

reciprocating, 54.56 

— portable, 5275 ; machine, 5448-5453 
Tooth : see Teeth 

Toothache, causes, 5551 
Tooth-brush, manufacture, 6107, 6110 
Toothing plane iron, 6581, 6582 

— in wall construction, 2268 
Top lift, in mining, 2956 

— soil, in building, excavation, 329 

— gpliinlng, mechanics of. 426 
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Topaz, 6«61, 5655, 6744; Imitation, 
4»852 

Topgallant maBt, rigging, 6400 
Topmast, Bending down and up, 6400 
Tops, of IxHJta, making, 4230. 44H2, 4541 

— cauinet-nuikiug, 6566, (i6S7 
Toque, cockade rosettes, 650f } ; fur, 

5776 , patterns, 4766, 4707 ; straw' 
brims, 5217, 62!S‘ velvet, 5331 ; 
wire shapes, 4860, 4S61 
Torch lily, culture, 65 20 
Torpedo boat, high speed engine, 5710 
"'Charging, air-pressure, 53.^6 

— ventilator, in trains, 302 1 

— work, training ot oUieers, 4401 
Torque, In electrie motors, 1592, 1009 
Torre dei Sehiavi, Home, 141 

“ Torrent ” inter, action, 5765, 5700 
Torrieellian vaemiin, 1139, ISOI, 6120 
Torrid zone, heat and light, 293 
Torsion, of materials, 1258, 1342, 7.1PJ 
Tortoise, deseriptioii. 2677, 2798, 2799 

— beetle, larva*, 3512 
Tortoiseshell, 2790, 6891 ; Imitation, 

5470 

— butterfly, chrysalis, 3516 ; egg, 35 7,1 
Torris, form of moulding, 5297, 5290 
Tory, politics of original party, 4950 ; 

polities in Anne’s reign. 4952 
“ Tots," aritbmetie, explained, 2473 
Toucan, description, 2210, 2494 
Touch, in pianoforte playing, 1416 

— sense of, 1421- 1423, 2118 

Toughening, in mettillurgy, 356 
Tonghness, of metals, 3838 
Tourist voculiulury, 1956-196.5 
Tourmaline, pror>erties, 1042, 5853, 

58.55, 0744 ; polariscope. 3850 
Tons les inois stareh, inicrogr.Mili, 5365 
Tow, in flax industry^ 1387, 1720 

— carding, 1885 

Tower, in architecture, evolution, 3231 

— temporary timber, construct ion, 4(i39 
Tower Hridge, London, 2730, 2886, 

2887 ; bascules, 828 
Tower of Loudon, arcliitecture, 3233 
Town-clerk, 81, 989, 1213 ; of borough 
council, 320 

Town Councils, development and 
powers (1882 Act), 80. 316 , 

Towns, causes of sites, 4.519 ; mortality 
and health, 4530 ; transit protdems, 
2153 ; ventilation, 3700 
Townsend, F. H., line drawing,' 6103 
Toxic acid.s, 3536, 3:>:i7, 3538 
Toxin, in microbic diseases, 6781 ; 

effects and production, 6544 
Toy merchants, business of, 927, 5602 
Tra(?eliook, of (‘arriage, design, 2729 
Tracery, (Politic, 2321, 2567, 2508 
Traces, in brick niuki tig, 1284 

— ImrnesH, dimensions, 4886 
Trachea, of air-bre.-ithers, 3361 

— human, J2:i0, 1971, 2144 
Trachyte, 1009; blasting, 317.5 
Tracing, technical drawing, 2792, 5542 
Track, railway eiiuipmcnt, 3007-3010 

— brakes, Iramcar, 1934 

— elcuncrs, tramway, 4189 

— inspection, of railway, 4593 
'J'raction, electric, books on, 4208; 

alao Jiailways, Tramways, etc. 

— engines, use, 3904 ; railway, 5079 

— railway, muclianical principles, 3S13 ; 

steam and electric compared, 2274 
Tractive force, 6516 ; calculation, 6517 
Tractor, electric, for canal boats, 2275 
Trade, balance of, 3679 ; internal and 
international. 3972 

— circulars, wholesalers’, 6209 

— expenses, in bookkeeping, 436, 2202 

— marks, ownersliip. registration, 6208 

— returns (British), 6003, 6005 

— vehicles, under-carriages, 3125; see 

also Vans, Hatidcarts, Milk van, elc. 

— winds, Africa, 3276 ; causes, 296 ; 

effect on rainfall, 298 
Trades nnionism, in building trade, 
139, 6346 ; in eiiginwirlng, 6631 
Trading accoiinL 2270, 2500, 2756 ; 

departmental system, 3417 
Traffic, London's problems, 2153 ; 
regulation, police, 1407 

— Inspectors, railway, 4806 
Tragacanth, dislribution, use, 810, 6883 
ftagedy, 680, 768 ; and see Drama 


Trailers, 2403 ; for farm produce, 
89t)4 ; rail motor, 4801, 4812 
Train, of eight-day ciiMik, 3716, 5717 

— railway passenger, 4806 ; heating, 

3025, 4808 ; inspection, 4592, 4504, 
4807; lighting, 3026, 4807: see 
also Hallways 

Training, as factor in evolution, 1706 

— eoiicgcs, elementary toaehers, 6474, 

Oil 8 

— ships, mercantile marine, 6804 
'J'rajan, Emperor of Home, reign, 2069 
Trajan’s Column, relief carving, 2933 
Tramcar, axles, 3326 • canopies, 3024 ; 

dimensions and shape, 2556, 2726 ; 
lighting, 3025 ; material used, 
2827 ; motmting, 1934 ; ventila- 
tion, 3024 

Trammel, masons', 2537, 3388 

— net, use, 4990 

Tramway, 3750: drivers, 4189; em- 
ployment conditions, 4189 ; gauge, 
3751 ; principal olHcers and 
salaries, 573, 1498 ; origin, 2273 ; 
rolling-stock, 2462, 2403 ; wood 
paving atid granite setts, 3752 

— cable, description, 2273 

— electric, 1931-19 iO, 2273 : books on, 

4298 ; car, 2403 ; construction, 
1034-1936 ; comparative stati.stics, 
2154, 2273; motor, gear and 
construction, 1932-1034 ; rail lay- 
ing, 37.50, 3751, 4189 ; staff, 4189 

— horse, description, 2273 
Transaction in business, 1567 ; defini- 
tion, bookkeeping, 488, 658, 7/ 7 

Tratiscaspian Hailway, route, 2718, 2719 
Traiwfcr, business, lull account, 1568 
Transformer, electric, 949, 1657- loot ; 
Marconi’s, 3898 ; three jiliase, 
1907, 1908 

Transit, pr<»bable developments, 2276 ; 
see also Vehieles, and separate 
headings 

— trade (British), 600.5 
Transition, in sf)!-fa notation, 922 
lYansitivc verb, 608 

— verbs (Gerinaii), passive voice, 3355 ; 

syntax, 2189 : see tilso Verbs 
Translation, in applied meeluinios, 87 

— cliarges, 1919 

Translucence, in light, 2436, 2599 
Transmission, of ac(| Hired character, 
825, 1,586; Lamarckian theory, 653 
Transmitter, telephone, 5081, .5682, 
5879 

— Wheatstone, 5391, 5392 
Trausotn, 2830, 2831 ; of bogie frame, 

3122; in elliptic spring vehicles, 
3124 ; of ship, 5018, 5742 

— in building, terra-cotta, 2783, 2784 
Transparency, in light. 2436 
Transpiration, 508, 727 ; connection 

with dew, 190(t; of leaf, 172; of 
pores of skill, 1423 

Transport, varieties and methods, 4517^ 
4519 ; geological action of sea. 1814 
Transporter bridges, structure, 2889 
'J'ransposing keyboards, musical, 1059 
Transposition, in music, 1057, 2024 ; 

cornet, 5443 ; trumpet, 5439 
Transvaal, climate, 3586 ; economic 
conditions, 5560 ; geography, 3587 ; 
history, 0693 ; mineral wealth, 
2376 

Transverse process, cf vertebrae, 1605 

— strength of stones, 1597 

— stress, building materials, 1257^ 1260 
Trap, of house drains, 570, 733 4402, 

5052, 5029, 5634 

— door, of roof, lead protection, 6034 
spider, underground dwelling, 3805 

— hairs, of arum : ptefc facing 728 

— rocks, 52.S 

Trai)ezc, acrobat work, 6866 
Trajjczium, in geometry, 496, 1264, 
4723 ; area, 4906 
Trapezoidal areas, rule, 5905 
Travel, best seasons for in various 
countries, 391 ; atmosphere of a 
country, guides, climatic con- 
ditions, 391 ; modes of travel, 
512 ; national importance of, 64 ; 
organisation, 1809 ; personal 
value, 212 ; value to journalist, 
3976 ; tourists, vocabulary, 1956 


Travellers’ phrases, 1956-1965 
Traveller, in mechanical engineering, 
415, 832 ; testing, 3966 
Travellers’ letters of credit, 4294 
Traversing, in surveying, 367 

— bridges, construction, 2888 
Travertine, classification, 1074, 6744 
Trawl-ftshlng, territorial resiriclions, 

5318; vessels employed, 4989; 
regulations for trawlers, 5:1 16 
Tray, elliptical, drawing, 5164, 5165: 
rectangular, 5105, 5166 ; trun- 
cated, drawing, 4523 
Treacle, 3653 ; manufacture, 4465 
Tread, in railway construction, 3612 

— of stAircasoH, 5300; stone, 3241 
Treading plan, in textiles, 39 >9 
Treasurer, municipal, 1067- 1069 
Tree-creeper, climbing, 2495, 2507 
Tree ferns, 51, llio 

Treeing, in boot-making, 4540 
Trees, 51-57, 4676 ; age computation, 
51, 504 ; classed as hard and soil, 
3542; as check to soil deiiudatjon 
by water. 456 ; greatest dimen- 
sions, 603 : distribution, 625 ; 
felling, 964, 5899 ; forest, liigh, 
4680 : forest pests, 4925, 4927 ; 
in coal seams, 1021 ; planting, 
6316; species, 4678; in town 
gardens, 6316; transplantation, 
4677, 6317 

Trefoil : sec Clover, yellow 
Trellis girder, loads, 2227, 2229 
Trembles, in .sheep, 2625 
'rremolando, violin bowing, 2743 
Tremolo, in music, 270 ; banjo, 4312 ; 
concertina, 4488; double-bass, 
5728 ; guitar, 3762 ; harmonium, 
3951 ; singing, 6185 ; violin, 5727 
Trench, in drain-laying, 733, 781 ; 
excavation, 329, 332, 453, 1823, 
1824 ; military construction, 0267, 
6270 

Trenching, in mining, 2665 
Trench, Hicliard C., philologist, 1309, 
2616 

Trent, river, course, 1273 
Trepan, in mining, 3400, 3461 
Trepang. fishery, 4083, 5121 
Trepanning, of brushes, 6107 
Trestle, in bnildiiig, 1173 ; in carpentry, 
3386, 3754, 3755, 4640, 4041 ; 
in fitting, 3089, 3691 ; railway, in 
military operations, 6266, 0207 
Treves (’athedrai, 3233, 3374 
Trial balance, bookkeeping, 490, 2501, 
.3417 : complex ledger, 2201, 2981 

— hole.s, in building, 332 

— pits, dock construction, 6196 

— of till* i)yx, ill coinage assay, 5.851 
Triangle, gwinetry of, 494; altitude, 

4905; area, 370, 1251, 4906; 
classilleation, 4330 ; definition, 
kinds, 4330 ; equality of tAvo, 
4624 ; equality, 4330 ; equiangu- 
lar, 5472 ; parallel. 4023 ; pro- 
portional division of sides, 53:;s ; 
qiiadriiater.ds, 4V)6; sides and 
angles, 6627 ; solution. 6628, 6789 ; 
squares on sides, 5636 ; value of 
angles, 4478 

— musical inslruinont, use, 5507, 5733 
Triangle of forces, 412, 5,')3, 685 
Triangnlatioii, in drawing, 4525, 4526 
-- in siu’veying, .593 

’I'riassic Jiysteui, 2067 ; rocks, 2254 
Tribulus, sei-ds, 911, 912 
Tribune, H<»nian, appointment and 
powers. 1138; before and after 
the Decemvirate, 1201 
Tributary of river, definition, 457 
Triceps, of arm, function, 1712 
Trichina, habit, destructiveness, 3958 
Trichinosis, treatment, 2625 
Trichlorides, in chemistry, 1601 
Tricuspid valve, structure, 955, 950 
Tricycle, difference from bicycle, 3774, 
3779 

Trl-dimensional space, psychology^ 2119 
Trigonometrical rations, 6231 

— survey : see Triaugulation 
Trigonometry, 6231, 6373, 6499, 6789 ; 

books on, 6790 ; logarithms, 6627 ; 
signs, use of, 6086 ; ratios, 6231 
Trilobite, 3361, 3800 
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Trimmer* tool, use, 3388, 3756 
Trimming, in carpentry, plan, 4446, 
4447 ; ill roof work, 4263, 4254 

— millinery, 5774 ; lace, 5620 ; under* 

wear, 3094 ; velvet, 5331 

— of vehicles, 3621, 3024 

— weavers, employment, 2651 
Trindle, bookbinding, 6770, 6777 
lYinidad, 4178 ; petroleum, 1164, 6007 
Trinity House Corporation, 1497 
Trinomial, in algebra, deOnition, 1818 
Trional, hypnotic, 4129, 5469 

Trip, train, use, 4689, 4691 
Triple eflFet apparatus, sugar, 3829 
Triple expansion engines, 5418 
Trii>oIi i>owder, formation, 1814, 6573 
“ Triumph of Death," painting, 3519 
“ Triumph of Venice," Paolo Veronese, 
Itlale facing 3793 

Triumvirate, the Roman, the first, 
1514 ; second, 1671 
Trochee, definition, 328, 1760, 3051 
Troehoid, in geometry, 1414 
Trolley, electric tram, standard, 1936 
Trollope, Anthony, novelist, 3441 
Trombone, bass and teiior instruments. 
5267, 5271, 5732 ; nmiiufaetiire, 
6624 ; orchestra, 5888 
Tropics, 203; natural products and 
commerce, 5379 ; physical condi- 
tions, 4493 ; rainfall, 298 
Trough, railway water, 3614, 3615 

— stratified rocks, 1923 
Trouserings, warp. 5510 

Trousers, boys', 1754, 4356; men's, 
2604 

Trout, classification, 3066, 3068 
Trowel, 4585, 4586 ; gardener’s, 6315 ; 

plasterer's, 1951, 5497 
Troy weight, table and use, 226 
Truck, hand, construction, 2558 

— railway, 2555, 5068, 5069 ; modern 

patterns, 2463, 2467 

— tramway, load distribution, 1923. 

1935 

Truck Acts, provisions of, 6845 
True discount, explained, 1319 

— north, finding, 265, 709 
Truffle, description, 1371 

Trumpet, musical instrument, 5437, 
5440 ; njanufactiire, 6624 ; use in 
full orchestra, 5888 
Trunk telephone system, 5394, 617 4 
Trunnions, tor hmndry ladles, 2863 
Truss, in bridge buikUng. 2497, 2499, 
4640, 4641 

— roof, 415, 545, 4251, 4523 ; king jiosi, 

4249 ; Qiieen po.st, 4251 
Trussed beam, roustruct ion, 5793, 5794 ; 
stresses, 416, 2228, 2229 

— girders, in derrick stagings, 1176 
Trustee, bankruptcy, 3571 

— securities, defined, 3483 

Truth, Bacon’s inductive methods of 
finding, 6000 ; empirical value of, 
6255 ; logical test, 6101; method 
of growtii, 5388 ; philosophical, 
contrasted with other forms, 62,56 ; 
pragmatic philosopiiy, 6535 ; search 
for, value of, 6255 ; supremacy of, 
5530 ; toleration of religious, 
5532 ; tests, old and new, 6470 ; 
ultimate triumph of, 5390 
Truyere, river, garabit bridge, 2739 
Trying plane, use, 3385, 3387, 3756 
Trypsin, action, 675, 3819, 4135 
Tschermak, Austrian biologist, 1481 
Tsetse fly, plate facing 3361, 3721 ; 

distribution, danger to man, 62s 
Tiiataras, classification, 2677, 2678 
Tuba, musical instrument, 5732, 5733; 

gee also Saxhorn 
Tubhing, in mining, 3458, 3766 
Tube, of iKuler furnaces, 3097, 3102. 
5349, 5351, 6514 ; see also Smoke 
tubes 

— borclmle casing, 2846, 2847 

— expander, use of, 3103, 3104, 3108 

— of fire-box, 3103 

— metal, varieties and manufacture, 

J3i»-5328 

— in mining core, 2668, 2669 

— railways, lX}ndon, rolling-stock, 2556 ; 

statistics in London (1905), 130 

— rubber, manufacture, 6201 

— spinning frame, mechanism, 2441 

7000 


Tube*feet, of starfish, 4081, 4083 
Tube-plate, locomotive, 3101, 3103 
Tube- worm, description, 3956, 3957 
Tuber, in botany, explained, 346, 347 
Tubercle bacillus, 6541. 6542, 6781 
Tuberculin test, applied to cows, 3554 
Tuberculosis, 6781 ; communicated 
from milk, 3554 ; evohitlon of 
immunity against, 1030 ; ^redity 
problem, 1587 ; gee also Phthisis 

— in cattle, treatment and symptoms, 

2622 

Tubing, of bicycle frame, 3774, 3775 

— flexible metallic, uses, manufacture, 

5327 : see algo Tubes 
Tubular bridges, Britannia, 2498, 2499 
Tuck, in dressmaking, 3338 

— textile, weaving, 3155 
Tucking, in sewing, 154, 3339 
Tuff, volcanic, 1074, 1921, 2066 
Tulip, 355 ; culture, 6489 

Tulle, joining, 5621 ; for millinery 
r<->settcs, 5505, 5506 
Tumble home, of vessel, 5609 

— of eight-da.v clock, 5717 
Tumbler for tanning. 3162 
Tumbling, in building, 2268 
Tumours, caused by aneurism, 6036 ; 

effect of radium on, 2030 
Tuners, pianoforte, duties, 6444 
Tungsten, In steel, 234, 4748 
Tunic, boy -baby's, making, 4195 
Tuning, double-bass, 3168 ; harp, 
3342 ; piano, 3880, 6442, 6709; 
viola, 2824 ; violin. 2128 

— fork, 2104 ; in sot-fa notation, 806 
Tuni.s, getjgraphy, 3280, .5822 
Tunnel, BlacKwail, driving, 3462 
Tnunelling, 159, 1824, 1825 

— in building, 329, 331 

Tup, in die forging, use of, 2992 ; of 
mechanical hammers, 960, 2022 
Turbine steam.ships, 2278 
Turbines, steam, varieties, principles 
and construction, 0645-6648 ; 
books on, 5595 ; classificatian, 
5679 ; electric installation, 
1691, 1693; horse-power, calcula- 
tion, 1695 ; mechanical efficiency, 
1688; principle of, 1143; in 
ship propulsion, 5258 ; utilisation 
of power, 5011 

— water, 1691, 1695 

" Turbinia " turbine, 6645 
Turbo-alternator, 1906, 1907 
Turbot, boiling, 1874 ; carving, 5935, 
.5936; choosing, 3717; form of 
body, 3069 ; value of fishery, 4989 
Turkey,* 5703, 5705 ; carving, 5934, 
5935 ; choosing, 3747 ; court- 
sliip, 2505 ; digestibility, 3314 ; 
manure, 5874, 5875 ; roast, cook- 
ing, 1874 

Turkcsian, geography, 2974, 2977 ; 

Mongol supremacy, 218 

— Russian, geography, 2718 
Turkey, coins, weights and measures, 

410; geography, 2165, 2166; 

history, beginning of Ottoman 
Empire to 1821, 6447 ; Crimean 
war, 6692 ; trade. 5822 
Turkey in Asia, geography, 2719 
Turkish Provinces, geography, 2167 
1’urks, craniology, 1786 ; ethnology, 
1789 

Turmeric, in dyeing, 5145, 5907 
Turn, in music, 271 ; violin, 2508, 2510 
J’urner, J. M. W., etching and mozzr)- 
tint, 6290 ; landscape painting, 
4302 ; " Dido building Carthage," 
4301 ; " Liber Studionini,” 724 ; 
liiiskinoii, 2616 

Turner’s yellow, manufacture, 5144 
I'liruer's templets, 6855, 6856 
Turnery, me<*haiiical, 3316 
Turning, art metal-work, 5527, 5528 ; 
metal, tools, 4151, 4153 ; wood, 
6853-6856 

— chisel, 4150, 415] 

Turnip, 942 ; cultivation, 1231 ; dis- 
ease, 1669 ; insect pests, 1668 ; as 
live-stock food, 2704, 42904 ; mar- 
ket garden returns, 6836 ; uses, 
942, 944 

— flea-beetle, 1668, 8612 
Tiirnpiii, ydiimber’s, 5029, 6030 


Tum-under, coachbuilding, 2558, 2730 
Turpentine, 3487, 4657, 6147 ; distlUa- 
tloii, 5147 ; properties and uses, 
5832 ; purification, 5466 ; varie- 
ties, 1054 

— oil and spirit of, 1034, 1036 

— Venetian, as painting medium, 871 
Turquoise, 5852, 5853, 6856, 6745 

— blue, basic dye, 6955 

Turret, of lathe, 3632, 3633, 4914, 
4920, 4923 

Turret lathes, 3322, 3631 ; contrasted 
with grinding machines, 3408 
Turtle, 2677, 2798, 2800, 6891 
Tuscan order of architecture, 2035 
I'tiscauy, province, 2230 ; as Duchy, 
2945 ; under the Medici, 4322 
Tusk shells, classification, 3113, 3284 
Tusks, as weapons, 2155 
Tussih moth, cultivation, 583 
Tutors, dismissal, law of, 6846 
Tutti, flute music, 5729 
Tuyeres, in cupola furnace, 4469 
Tweed, river, 984 ; valley, 1066 
Tweezers, compositor’s, ol56, 6157 
Twill, use of treading plan, 3909 
Twilled clotl), design, 2941, 3153 
Twine, manufacture, 1027, 5288 

— cable, machinery for, 5289 
Twiners, twining plants, 504, 605 
Twist, use, 185 ; silk, 153 

Twist -bit, use, 3386, 3387 
Twisting, textile process, 2593, 27C7 
Two-string mill, in warpiikg, 3489 
Two-wlicel vehicles, suspension, 3126 
Two-wire system of electric lamps, 2245 
Twyer : see Tuyere 
Tycho Brahi^, observations, 6241 
Tying, in bootmaking, 4546 

— in scaffolding, 1170 

— in, in surveying, 264 
Tympan, of printing press, 5744 
Tympanum, of ear, 2316, 2533 
Tyndall, Prof., on life, 29 ; on scientific 

spirit, 2806 ; vowel flame, 2318 
Tyne ports, tonnage (1904), 6t)05 
Tynccastle canvas, for walls, 5828, 5830 
Tyy)e, printer’s, 5026; cases, 5156, 5157 ; 
in adverfisements, 6859 ; “ bill/’ 
average, 6074 ; arrangement in 
chase, 5457 ; composition, 5026 ; 
evolution, 5027 ; founding, 6073- 
6075 ; making even, 5159 ; mea- 
surement systems, ; moulding 
in linotype, 5250 ; sizes, 4236, 5028; 
spacing, 5158 ; storage, 5252 ; 
wood, 6075 

Type-eastiiig iimehine, aufoinatic, 6075 
Typefoundiiig, 6073, 6075 ; employ- 
ment conditions, 2645 
Type metal, 360, 1162, 3941, 8988 
Type bar, in tyt>e\vritcr, 1527, 1529 
Typewriter, hire-purchase system, 1918; 

mechanism, 1527-1529 
Typewriting, 1696 ; asa brsiness, 1918; 
charges, 1 920 ; the use and c^e of 
a machine, 1527 

— ink, 5367 

— paiK*r, manufacture, 6401 
Typist, charges for hire, 1920 ; wages, 

1918; women in (Government 
departments, 3303 ; women in 
L.l’.C., 1215 

Typhoid bacillus. 6540, 6542 
Typhoid fever, communication by 
shellfish, 5315; conveyed by 
water, 5410; immunisation dur- 
ing, 6544 ; immunity of animals, 
6543 ; microbe, 6440 ; symptoms 
and treatment, 6260 
Typhus fever, 5410 ; rarity, 6260 
Topograi)hy, b<K)ks on, 6076 
Tyranny, Hussiaii government, 4360 
Tyre, bicycle pneumatic, 3775, 6201 

— motor, 2164, 2273, 6201 

— railway, Intersection with rails, 

3612 

— wheel, brougham, 2830, 8127 

UDDBR, of cows, complaints, 2623 
Uganda, geography, 3452 
Ulcer, rodent, Edntgen ray, cure, 4003 
Ulcers, tongue and mouth, 6132 
Ulmacem, rubber plants, 5046 
Ulna, human, 1348, 1708, 1709 ; of 
tapir and rhinoceros, 1179 
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Ultramarine, pigment, 871, 6745 ; 

campodition and manufacture, 
5144 ; in sugar refluing, 4453 ; 
in textile printing, 4501 
Umber, raw and burnt, pigment, 871 ; 
preparation, 5144 

Uml^UaleB and umbellifera, classiflca- 
tion, 353 

Umbels, botany, defined, 353 
Umbra, in light, 2435 ; eclipse, 11 
ITmbrella makers, employment, 2051 

— merchant, business of, 5503 

— skirt, cutting, 524, 525 
Umbrellas, old and modern foNBs, 5603 
Umbrian school, of painting, 3704 
Unconformity, in geology, 1354, 1365 
Under carriage, construction, 5121 1 3126 
Und^T cliff, of li^nglish roast, 1605 
Underclothing, cutting out and draft- 
ing, 928, 3472, 3475 ; making, 
3093, 3094 ; stitches used, 3336- 
3340 

Under frames, railway rolling stock, 
2556 

Undcrglaze, of pottery, 5383 
Undergrouiul working, in mining, 3190 
Underlays, in printing, 5857 
Underlie, In mining, 2378 
Underpinning, building, 335, 018, 2514 
Undershot wheel, principle, 1690 
Under-spring, carriage suspension, 3122, 
3123 

Undertakers, buRiuess of, 5785 
Underwriting, principles, 4853 
Undistributca middle, in logic, 6098, 
6100 

Ungulata, characters of, 1494; evolu- 
tion, 1761: swimming, 2038 
Unhairing, leather, 2854, 2354, 2866, 
3219 

Unicellular o^anisms, 276, 278 
ruicorn, origin of emblem, 2150 
Thiiformitarianisin, geological, 1205 
Union of Ualmar, 2948 
Union of England and Scotland (1707) 
provisions. 4952 
Union, in plumbing, 5G29, 5633 
Unipolar nerve cell, in anatomy, 1942 
Unit in mathematics, 89 
Unitary method, rules, 998 
X'nitariaii colleges, examination, 6607 
United Kingdom : ttee Ureat Britain 
and Ireland 

United Provinces. India, 2821 
United States of Aincricu, afforestation, 
4004 ; beer consumption, 3377 ; 
bridges, timber, 2497, 2499 ; cli- 
mate, 1648 ; coalfields, 2378, 4174, 
5305 ; coins, weights and measures, 
410 ; cotton industry, 384 ; eco- 
nomic conditions, 5662 ; educa- 
tional theory, 2306 ; electricity 
statistics, 131 ; cxiK>rts and im- 
ports, 5664 ; gc(«raphy, 4172, 
4173 ; government, 5534 ; indus- 
trial regions, 2409, 5062 ; medical 
profession, 5429 ; militarism sub- 
ordinate to industrialism, 5097 ; 
petroleum deiMjsits, 1104, 6306, 
6007, 6012, 6014 ; jKjpulation, 628 ; 
products of nortli central plains, 
5662 ; ships, sailing and wood, 
5256, 5257 ; silk cultivation, 582; 
st-eel industry, 5307 ; sugar pro- 
duction, 4351 ; trade, internal and 
foreign, 5381, 5664, 5825 ; tram- 
way enterprise, 2274 ; touring 
directions, 1648 ; wine consump- 
tion, 3316 ; women preachers, 321 ; 
woollen industry, 2896, 2897 

— history. Independence' war, .5845 ; 

constitution, formation, 5846; 
England, war with (1812), 6974; 
Canadian boundary, settlement of, 
5976 ; civil war, 5976 ; Spanish 
war, 5976 

Unity, in design, 5820 
Unity of things, 6 

Vniverse, beginning, in relation to 
atomic disintegration, 2552 ; 
at^miic analysis and synthesis, 
4131 ; nebular theory, 6701 ; 
physical conception, 4883 ; struc- 
ture, 6700 ; unity of, 4883, 6264 
Cniversllies, British, 1782, 6478; 

demonstrators and lecturers, 6477 


professors, 6478 ; Colonial, teach- 
ing staff, 6478 ; English, scholar- 
ships, cost of living, 482 ; students’ 
commissions in Army, 4198 ; 
United States, 4172 ; women’s 
educ/ation, 3608 ; women, dis- 
abilities. 4975 

University College, London, 164 

— colleges, for women in England, 

3508, 3509 

Unstable equilibrium, 661, 1080 
Unstriped muscles, human, 1711, 17/2 
Upheaval, in geology, 1352 
Upholstery, 6680, 6715-0720, 6721 
Upper, bootmakiug, 4239, 4240, 4242 
Upper neuron, effect of injury to, 2994 
Upset, of baskets, making, 5490, 5562 
Upsetting, in forging, 235, 2984, 2986 
Ural mountains, llussia, 2406 
Uralite, tireparation, etc., 813, 4759 
Uraniscus, geometrical design, 2393 
Uranium, ratio to radium, 1917 ; 
emission of Becquerel rays, 4104 ; 
evolution of radium from, 2553 
Uranus, 6250, 6569 ; distance from sun, 
0121 ; formation, 6701 ; and 
nebular hypothesis, 620 
Urban District Council, sphere, 316 
Urea, 1302, 3111; synthesis of, 516, 
2711. 3703 ; chemistry of, 3703 
Urgere nitrate, formation, 3703 
Uredospore, in wheat rust, 1667, 1669 
Ureter, structure, function, 1602, /603 
Uric ncid, chemistry, 3705 ; formation, 
867, 1602 ; gout, 6037 
Urlc-acidaemia, causes and diet, 3705 
Urinal, earthenware, 5491 ; sewage 
from, 569 ; slate divisions, 3248 
Urinary organs, human, kidneys, 1602 
Urine, human, 1602 

— livestock, properties, 433 
Ursida\ characters, 1494, 1763 
Uruguay, economic conditions, 5661 ; 

geography, 4282, 4288 
Usk, river, estuary, 1276 
Utali, state, 4174 ; petroleum, 6007 
Utensils, housekeeping, 1002, 1225 
Utrecht, Treaty of (1713), 4952, 6304 ; 
Union of (1579), 6304 ; touring, 
858 

Uvula, 577, 579 ; cutting, 6133 ; func- 
tion in singing, 6019, 6190 


V-BLOCK, use, 3639, 3691 
Vaccination, bacterioU»gy of, 6543 ; 
with cowpox, 5410, 5411 ; in- 
fant, 4684 ; Busteiir’s discoveries, 
3274 

— officer, salary, 1927 

Vacuole, of aniu'ba, 4033 ; in plant 
cells, motion, 200 

Vacuum brake : see Brakes, railway 

— tube, di.scovery of cathode rays, 

4090, 4092 ; electric discharges 
through, 4/03 

Valency in chemistry , 1296, 1914, 
2296 ; and electrons, 238, 2296 
Valet, duties, 764 
Valetudinarianism, 2795 
Valladolid, 2234 ; cotton, 223, 225 
Valley, formation of, 1633 ; rift, 3275 

— roof, formation, 4868; tiled, 4369, 

4870 

— tiles, for roofing, Q44 
Vallioueria, fertilisation, 729, 730 
Valonia, source, use, 3012,4658, 5780 
Valuables, custody by banks, 4167 
Valuation, 5161 ; of business RtiH'U, 

702; fees, 5155 ; In wood’s tables, 
5152; Smart’s tables, .5153 
Valuer, Borough Council, 320 
Valuiug, business of. 5161 ; knowledge 
by estate agent, 6284 
Valve, balloon, 3978, 3979 

— of boilers, fitting of, 3106 

— bridle, forging, 2984, 2937 

— chest, of engine, 4423, 4424 

— gears, locomotive, 65/5, 6516 ; Robey, 

6070 ; triple expansion, 6295 

— Ikcating system, 6017, 6023 

— of pneumatic tools, 1303, 1806 

— of pumps, 1081 

— safety, mechanism, 832 

— screw-down, use, 5633 

— sewerage, 4402, 4403 


Valve, st«am engine, types and details, 
5642, 6645, 5749, 5914 ; Brother- 
hood engine, 6071 ; Corliss. 5645, 
6072, 6292; drop, 6645,' 6070, 
6072 ; Robey engine, 6070, 6071 ; 
slide, 5643, 6072, 6139; stroke, 
positions, 4426, 4428 

— of tnunpert, mechanism, 6438 

— ventilating, 4019, 4020 

— of water pipes, 4338 
Vamp, of boot, 4239, 4240 
Van de Ctyicllc, painting, 4300 
Van der Heist, painter, 3049 

Van Dyck, painter, 3948 ; portraiture, 
4392 

Van Eyck, the brothers, 1022, 3946, 
3947, 3948; landscape painting, 
4299 

Van Orley, Bernard, painter, 3048 
Van Ostade, “ Peasants at an Inn,” 182 
Van, axle dimensions, 3326 ; business, 
advertising value of good decora- 
tion, 2730 ; carving, objections 
to, 3024 ; dimensions and load, 
2726 ; market van parts, 2828, 
2829 ; petrol, for light delivery, 
2403 ; road trade, construct io 
2558 ; strain, with trailer, 2463 ; 
under-carriages, 3125 ; ventilation, 
3025 

— driver, railway goods, 5070, 5071 

— electric lorry, 5073, 5079 
Vanadium, in art work, 5523 ; in 

steel, 4748 

Vandyke brown, 871 ; varieties, manu- 
facture, 5144 

Vane, of waterwheels, 1691 
Vanilla, source, uses, 4971, 6891 
Vanillin, preparation, 5469 ; use, 4971 
Vanishing point, in perspective, 595 
Vapoiirer moth, egg, 35/ 3, 3514 ; 

wingless female, 3516 
Vapours, saturated and unsaturate<i, 
law of. 1741 

Variation, in algebra, prinri])lc.s, 3690 
Variation, in biology, 484 ; books on, 
1791 ; in botany, 167 ; causes, 650 ; 
Darwinian and Lamarckian the- 
ories, 824 ; of individuals, rela- 
tion to sr)eial progress, 6387 ; 
natural selection and reversion 
1180; retrogres.sive, counteracted 
by conservatism, 5389 ; the sex 
liroblern, 651 ; transmission to 
offspring, 5386 

— of materials, 21 1 

Varicose veins, cause, symptoms, 60.36 
\ arnisli, constituents, classes, 1035 ; 
oil, 5147, 5148 ; preparation, 58.3.'>, 
spirit, 5148 

— brushes, painter’s, 5329, 5831 
Varus, Roman frontier wars, 1829, 

1830 

Va.seular, bundles, leaf, 170, 77/ ; stem, 
109, 170 

— cryptogams : see Cryptogams 

— system, blood vessels, 952-957 ; 

funetioii of the heart, 1192, 1193 

— tissue, iu trees, 57 

Vase, china, making. 5606. 5607 
Vaseline, 1164, 6148; use.s, 6151 
Vat, brewer’s, 6058 

— <lyeing, 5782, 6367 

— glue manufacture, 53.58 

— paper-making, 6395, 6396 

— wine-making, 6355 

Vatican Museum, sculpture, 2929, 293(i 
Vanbrugh, Sir John, dramatist, 1150 
Vaults, centres for, 23s6, 2337 ; Cot hie 
period, 3373 ; iuvetition of, 2658; 
kinds and construction, 3144 . 1/47 ; 
Romanesque, 3231 ; shoring, 916 
Vaulting, in architecture, 31 44, 3374 
Veal, braising and slulling, 1730 ; 
carving loin, 5935, 5936 ; choosing, 
1228, 3717 ; cooking, 1872 ; digesti- 
bility, 3314 

Veechio, Palma, painter, 3706, 3797 
Veechio, Palazzo, architect, 3376 
Veddas, the, 417 ; religion, 0771 ; skull 
measurement. 1785 ; stature, 1788 
Vee (parting), tool, 4150, 415/ 

Vec weld, 233, 236, 2937, 2988 
Vees, of lathe, use and form, 4014, 4915 
Vega ly •O’, star, 315, 025, 6117 
Vegetable down, 817, 6716 
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Vegetable ivory, 8J2, 6299 ; dyeing, 6768 

— kingdom, cuatrasted with aiiimal, 

275 ; Dair'B diagram, 277 

— life, doflnltion, .V5 

— marrow, stuffed, rediw, 2127 ; 

market, garden returns, 6836 
Vegetables, choosing, 1228; culture, 
6673; dietetic value, 3110; new 
varieties, 6835 ; packing for 
market, 6675 ; recipes, 2120, 
2336 

Vegetarianism, comparative value of, 
3381, 3601 ; dietetic value, 3111 
Vegetation, fossil, 1817 ; semi-tropical, 
formerly in British Isles, 1817; 
soties, 625, 2407, 2715, 3276 
Vehicle, body-making, 2827-2834 ; 
carving, 3024 ; classification and 
description, 2152, 2154, 2462 ; con- 
struction, drawings, 2726-2731 ; 
construction, teclinical instruction, 
3908 ; design, 2555 ; dictionary of, 
2559 ; dimensions, weight, etc., 
2726 ; fittings, 3022, 3024 ; land- 
propelled, construction, 2558 ; 
heating and lighting, 3025 ; metal- 
work, 3325; painting, 3479; road 
trade, 2558 ; trimmings, 3621 ; 
uiider-carriag'\s, 3/2/ ; ventilation, 
3024 ; wheels, 3126 
motor : see Motor vehicle 

— of painta, definition, kinds, 5831 
Veil, bridal, 5774 ; confirmation, 5774 ; 

hat, 5621 ; widow’s, 5774 
Vein, in geologj’, 2375, 2378 ; wi<ie, 
mining, 3304, 3300 ; proving, 2665 ; 
stopiiig, 3304, 330J 

— human, circulation in, 952, 1194; 

diseases, 6036 ; structure, valves, 
953, 954, 955 

Vein-rock haracter of, 2378, 2581 
Velasquez, painter, 723 ; “ Alessandro 
del Borro,” 182 ; characteristics 
and style, 102, 4120 
Vellum, preparation, illumination, 6275 
Velocity, in pliysics, 423, 551 ; co- 
efficient of, iu hydraulics, 1573 
Velvet, cutting and making up, 864 ; 
cotton-back, use and price, 5331 

— of deer’s antlers, 2156 

— design, fitness, 5980 

— millinery, 5331, 5332; for hats, 

5036 ; renovation, 6040 ; for trim- 
mings, 186 ; washing, 6040 

— textile, weaving and design, 31.56 

— upholsterer’s varieties, 6716, 6722 
Velvet-pile cariwU, design, 3358, 3359 
Velveteen, cutting and making up, 804 ; 

millinery, n^ashing, 6040 

— textile, weaving and design, 3156, 

3157 ; finishing proc'esses, 4342, 
4344 ; loom. 3685, 3080 
Veneer, 6583 ; of staircase, 5300, 5301 
Veneering. 6580, 6’5«/, 6582 
Venetian red, pigmeut, 871, 5144 

— school of painting, 3795-3797 
Venetians, ships and shipping, 5256 
Veneziano, Doineuico, painter, 3793 
Venezuela, geography, 4282, 4287 
Venice, (Jothic architecture, 3376 ; 

Byzantine art in, 3090 ; history of, 
Middle Ages, 2045 ; independence, 
loss of, 6303 ; llomanesque archi- 
tecture, 3232 ; silk industry, 582 ; 
wars with Genoa, 219 
Venice, Itepublic of, 4322 

— white, i)ainter’8, 5837 

Venison, caning, 5934 ; choosing, 
1228 ; digestibility, 3314 
Venous circulation, 1194, 1195 
V'ent, of volcano, function, 1207 

— wire, use, 2111, 2112, 2457 
Ventilating gas-burners, 6021 

— openings, of buildings, 0017, 6021 

— pilie, ill drainage, 733, 782 
Ventilation, artificial systems, 6023 ; 

liooks on, 6349 ; chemistry of, 
1297 ; difflrullJes of, 3800 ; do- 
mestic, 4019, 6017, 6019, 6020 ; 
In drains, 781 ; engineer’s fac- 
tory. 5591 ; fang and blowers, 
1807, 1808; in mines, 3707; 
natural and forced contrasted, 
5196 ; in rooms, necessity for, 
1302 ; schoolrooms and dor- 
mitcjiieg, 4832 ; sewer, 4459 ^ 
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4460 ; of shop'frontg, 399 ; of 
towns, 3799 ; of vehicles, ’3024 
Ventilators, building, 6017, 6021, 0508 ; 
glass, 5838, 5839 

Venting, in moulding, 2110, 2111 
Ventral segments, in sound, 2105 

— tube, explained, 29 

Ventricle, heart, 955, 956 ; beat, 
1192 

Ventricles, of brain, 2145, 2147 
Venus of Milo, 345, plate facing 2929 
Venus, 6402; distance from sun, 6121 ; 
motion apparent, 6403, 0405 ; 

nebular hypothesis, 620; orbit, 
6403; phases, 2949, 6403, 6405 ; 
position in solar system, 11 
Venus’s flower-basket, 4081, 4087 
Venus’s fly-trap, 277, 807, 808 
Verandah, use in buildings, 6347 
Verbal agreements, confirmation by 
letter, 6350 

Verb, definition, 116; defective, 902; 
English auxiliary, 758 ; impersonal, 
902 ; notional, 902 ; regular, 902 ; 
strong, 117, 1049; voices, 608; 
woftk 1040 

— Esperanto, 4512, 4654, 4799, 0093, 

6237 ; conditional mood, 5654 ; 
future tense, 4799 ; imperative 
mtxKl, 6093 ; impersonal, 6237 

— French, 2772 ; auxiliary, 751, 5948 ; 

avoir, 2772 : complement, 5948 ; 
compound tenses, 1476 ; condi- 
tional mood, 3353 ; defective, 4938 ; 
etre, 2922 ; imperfect indicative, 
2486 ; impersonal, 4361 ; infinitive 
mood. 3353 ; irregular, 3rd and 4th 
conjugations, 3928, 4362, 4506, 
4794 ; neuter, 4218 ; participles, 

3354 ; passive, 4216 ; past parti- 
ciple, 6088 ; pronomiiiul, 4072, 
4216 ; reflexive, 4072 ; regular, 
2924, 3060, 5947, 6087 ; sequence 
of tenses, 6087 ; subjunctive mood, 
3353, 5948, 6087 

— German, auxiliary. 74.5, 2920, 3355, 

3789 ; cases governed by, 3789 ; 
classification, 2489 ; compound 
teiLses, 1622 ; conjugation, 1055 ; 
copulative, 3788 ; displacement, 
3789 ; governing dative and geni- 
tive, 3645, 3646 ; impersonal, 

3645 ; infinitive past, 1621 ; in- 
transitive, governing dative, 3645 : 
irregular, 3215 ; passive voice, 

3355 ; prefixes, 1878 ; strong, 
1478, 20.50, 2351. 2637, 2776, 2927 ; 
tenses in dependent clauses, 3790 ; 
use of tenses, 3,501 ; transitive, 
3645; weak, 1055, 1190, 1341; 
with two objects, 3645 

— Greek, regular, conjugation, 5520, 

5657, 6094 ; system, 6809 

— Italian, 3210, 6526 ; auxiliary, 2193, 

2484 ; defective, 6378 ; imper- 
sonal. 4505 ; intransitive, 4503 ; 
1st conjugation, 3351, 3497 ; 

irregular, 2nd conjugation, 3784, 
4214, 4359, 4503, 4647, 4792, 4937, 
5081, 5226, 5369, 5649 ; irregular, 
3rd conjusation, 3785, 3926, 5946, 
6233 : pa&slve, 4071 ; reflexive, 
4358 ; subjunctive mood, 6523 ; 
tenses, 6523 

— Latin, 1047 ; anomalous and defec- 

tive, 899 ; auxiliary, 119 ; depo- 
nent, and semi-deponent, 9(X) ; 
accidence, 3210 ; irregular, Ist con- 
jugation, 1047, 1182, 1‘333 ; irregu- 
lar, 2nd conjugation, 1182 ; irregu- 
lar, '3rd conjugation, 1333 ; 4th 
conjugation, 1333, 1469 
— - Sparilsli, auxiliary, 3348, 3494 ; de- 
fective, 4797 ; euphonic changes, 
4078 ; imjierBonal, 4222 ; irregular, 
4366, 4509, 4652, 4796 ; passive, 
4222 ; past participle, 4222 ; re- 
ciprocal, 4222; reflexive, 4222; 
regular classifioation, 3933 ; regu- 
lar, 1st conjugation, 3933 ; regular, 
2nd conjugation, 3934 ; regular, 
3rd conjugation, 4078 
Verdigris, manufacture, 1447, 6807 ; 
in stone, 6766 ; poisoning 

Verge : eee Balance wheel 


v«ir— Vitt 

Verge tile, in rooflng, 4S69, 4871 ; in 
elating, 4868 

Vergil, Roman poet, 755 ; In Augustan 
age, 1829 ; Eclogues, 1617 ; 
Surrey’s translation, 328 
Vermiform appendix, cause of appendi- 
citis, 5843 

Vermilion, composition, manufacture, 
5144 

Vernal equinox, 15 
Vendor, 268 ; applications, 263, 370, 
1016 ; applied to survey instru- 
ments, 267 ; use, 4705, 4707 
Verrocchio, sculptor, 3676, 3678 ; 

CoUcoid statue by, 1674 ; bronze 
sculpture, 3678 ; painting, 3793 
Veronese, Paolo, style, 1021, 3797 
Vert Morin, marble, plate facing 480 
Vertebra?, human, 1348, 1605, 1606 
Vertebrata, characters, 29, 380, 1492, 
3070, 3072 ; Silurian fossil, 2253 
Vertex, of a conic, 5783 ; of parabola, 
1412 ; of triangle. 4330 
Vertical boilers, 3098-3100 ; flxe-box, 
3099, 3103 

— lathe, structure and use, 3317, 3319 

— steam engines, 5909, 5910 

— timbers, in launching ships, 6923 
Vertigo, cause, 6264 

Verulam, I.ord : see Bacon, Francis 
Vespasian, Roman Emperor, reign, 
1940 ; invasion of 1. of Wight, 2611 
Vessel : see Ship 

Vest, ft)r boys* suit, 1289, liOO; for 
girls’ lrock,4473, 4474 ; for layette, 
3744-374^ ; making man’s, 2752, 
2873 

Vesta, planet, 6568 
Vestas, wax, manufacture, 5471 
Vesuvius, Mount, volcanic activity, 
1206, 1208 ; eruption of, 79 .-i.p., 
461, 1791, 2068; rack railway, 
2275 

Vetch, 874, 881; classifleation, 353; 
cross-pollination, 732 ; cultivation, 
1197 ; ensilage system, 1970 ; aa 
live-stock food, 2704, 2904 
Veterinary surgeons, (inalitications and 
study, 163, 5430; Army, 5432 ; 
books on, 3471 

Vibration, in music, 37 ; physiological 
aecoimt, 2534; in sound, 2102; 
sympathetic In light wav'cs, 2105 
Vibrato, in banjo music, 4312 ; guitar 
playing, 3762, 3765 ; in violin 
playing, 2510 

Vibrators, of harmonium. 3951 
Vice, carpenter’s, 3385 ; planing 
with wood in, 3756, 3757 ; in 
sawing boards, 3764, 3755 

— metalworker’s, 3689, :iH«0 
Vickers’ field guns, 6610, 6613 

— nickel-steel plate, tests, 5984 
Victor Kiiimauiiel 11., King of Italy, 

utiiflcntion of Italy, 6303 
Victoria, Australia, geography, 3701, 
3703, 5660, 5661 ; gold discovery, 
6552 ; climate, 3210 ; farming, 
3240 ; municipal surveyors, 3743 ; 
trade, 3210; wooL industry, 3237 
Victoria Bridge, Rhodesia, structure, 
dimensions, 2730, 2739, 2740 

— carriage, described, 2466, 3024 
Victoria Falls, Zambesi, description, 

1634, 3.">83 ; bridge, 2740 ; water 
power, 5012 

Victoria Nyanza, lake, 3450, 3452 

— phttilon, 2726 

Victoria. Queen, reign, 6690 ; booka 
on, 2787 

— stone, composition, 534, 2128 
Victorian ago, poetry, 1434, 1438 
Victory, printing machine, use, des- 

crijition and operation, 5869 
Victualling bill, ship’s, 6806 
Vicuna, sheep, distribution, 72 ; fui 
and skin of, 6428 ; habitat, 220, 
4290 

Vlgnoles rail, 3252. 3264, 3432. 3430 
Vienna, 2162, 2164 ; cathedral, 3374; 
sieges, 6447 ; tourist description, 
1248 

Vienna, Congress of, 5239 
Vienna, Peace of (1804), settlemeol 
of Danish affairs, 6447 
Vienna bread, recipe, 3393, 8394 
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Viewing, in carpet manufacture, 4341 ; 

doth manufacture, 4342 
Vignetting, in photography, 6682 
Vikings, ^ips, voyages, 5255 
Villages, as military defensive posts, 
6273 

Villi, anatomy, 679, 580 ; construc- 
tion, and digestion of fat, 675 
Vinci, Da Leonardo, painter, 1021, 
3676, 3795, 3797 

Vinculum, algebraic sign, 1818, 1093 
Vine, classification, 363 ; cultivation, 
areas, climatic conditions, 4875 ; 
culture in Europe, 856 ; tendrils, 
504, 505 ; woodcarving design, 
6138 

Vinegar, adulteration, 3718 ; artifleial 
preparation, 4720 ; colouring, 
4165 ; malt, pr(Ji>eriies, 4719 ; 
natural preparation, 4719 ; effect 
on obesity, 3016 ; source, 4717 ; 
testa, 4720 ; white, 4720 
Vines, culture in England, 6677 
Vineyards, influence of slopi% 4495 
Viol, precursor of violin, 2121 
Viola, description, construction, hand- 
ling, 2823 ; classificatioii, 5726, 
5728 ; compass, 2745 ; manu- 
facture, 6704, 6707 
Violet, 349 ; eiassifleation, 362 ; cul- 
ture, 6490 ; nectar, 730, 731 ; 
seea carriers, ants as. 912 

— colour, pottery glaze, 5384 ; sym- 

bolism, 725 ; vibration, rate, 
3728 

Violin, btjoks on, 2746 ; eljaracters, har- 
monics, and playing, 2121, 2311, 
2410, 2508, 2741 ; care of, 2314 ; 
compass, 5726 ; / holes, 2121, 

2122 ; manufacture, 6704 ; skele- 
ton or mute, 2314 ; solo, orches- 
tral and combined playing, 2746 ; 
strings, 5726 

Violinist, mind training of, 2744 
Violoncello, structure and playing, 
2968 ; eiassifleation, 5720; com- 
pass, 2908 ; manufacture, 6704, 
6707 ; orchestral and solo jflnying, 
2971 

Viper, fangs and poison gland, 2680 
Virgil : see Vergil 

“ Virgin Adoring, ” Perugino’s, 3796 
Virgin cork, 1166 

— oil, production of, 1032 

— soil, definition, 330 

Virginia, colonisation, 5844 ; petro- 
leum fields, 6007, 6014 ; products, 
4172, 4174 ; settlement by 

Kaleigh, 3606 

Virginia creeper, eiassifleation, 353 ; 

tendrils, 504, 505 
Virgo, zodiac sign (season), 6251 
Virtual centre : see Instant ancons 
centre 

Virtue, relation to liabit, 2861 
Viscera, abdominal, 576 
Visceral cleft, in diagram, 30 

— layer, of pleura, structure, 1300 
Viscometer, use, varieties, 6149 
Viscose, coagulation, 6552 ; filaments, 

6563 ; silk, 6563 ; fibres solvent, 
6561 ; solidification, 6562 ; spin- 
ning, 6562 

Viscosity, variation in fluids, 1374 
Viscous liquids, <lefined, 1076 
Visigoths, in Portugal, 2046 ; capture, 
Rome, 2241 ; in Spain, 2946 
Viflintini system, in building, construc- 
tion, 1554 

Vision, binocular, 2119, 3181, 3182 ; 
(contrasted with p(?rception, 2803 ; 
(centre, 2602, 3730; distinction froni 
light, 3181 : inversion of, 2601 ; 
limit to, 3227, 3229 ; optics of, 
2952 ; phenomena of attention 
to one of two stimuli, 2258 ; 
physiological account, 2400 ; psy- 
chology of, 1882 ; retontiou of 
. image, a kind of memory, 2259 ; 
see also Sight 

Visions, instances of, in psychical 
research, 3625 
Visual angle, 595 

— purple, of retina, 2402 

Vital activity, variation according 
to season, 5274 


Vital activity, chemistry, 2712 ; syste- 
matic treatment, 4132-4135 

— prodneta, chemical synthesis, 237, 

2711 

Vitalism, relation to synthetic (chemis- 
try, 2710, 2713 

Vitality, period of growth, 3018 
Vitelliiis, of Rome, reign, 1939 
Vitreous form, of minerals, 766 

— humour, description, 2953 
Vitrification of bricks, 1280 

Vitriol, aplicatioii and derivation of 
term, 1721 : see Sulphuric acid 
Vitriol, blue ; see Copper sulphate 
Vitriol, green : see Perrons sulphate 
Vivisection, true method of abolishing, 
5391 

Vlieger, Simon de, painting, 4300 
Vocal cords, human, coustruction, func- 
tion, 2537, 2538 ; function, in 
Binging, 6948 ; in respiration, 1209 
Vocative case, in English, 246 ; Ger- 
man, 2927 

Voilker’s electric furnace, 4532, 4533 
Vogt, Carl, on thought, 6259 
Voice, in grammar, 116, 608 

— human, causes of a good, 2106 ; 

diseases, 6264 ; nature and pro- 
duction of, 2106, 6864 ; physiolo- 
gical account, 2536 

— in singing, “ break," 6193 ; charac- 

teristics, 6050 ; ciassification, 6049; 
compass, 6050, 6193 ; cultivation, 
ag(i for, 6191 ; fatigue, 6185 ; 
female, exercises for " break,’” 
6193; forcing, 6185; health 
affected by, 6186 ; intensity, 6184 ; 
intonation, faulty, 6189; male, 
exercises for, 6193 ; production, 
6193, 6864 ; njgisters, male and 
female, 6182 : timbre, 6184 ; tone 
quality, 6184 ; volume. 6181 
Voile, material, width, 186 
Volatile alkali : se^ Ammonia 

— oils : see Essential oils 
Volcanic conglomerate, 1074 

— dust, effect on sunsets, 3729 

— glass, 766, 767 

— rocks, (-liaracter and formation, 

1006, 1074, 2066 

— tuff, eiassifleation, 1074 

Volcano, action, 459, 461, 1206, 1205 ; 
books on. 2256 ; connection with 
local upheaval and subsidence, 
1355 ; distribution, 1208 ; earth- 
quakes, relation to volcanic action, 
1209 ; Bast Asiatic system, 2564 ; 
in the moon, 1206 
I’olga, river, basin, 2406, 2408 
Volition : see Will 
Volt, electrical unit, 129, 291, 070 
Volta, Count Alessandro, 129, 462, 5752 
Voltage, in accumulator, 3087, 3088 ; 
alternating, 1357 ; c(jnverter, in 
electric supply, 2248 ; curve, rail- 
May, 2085-2087 ; drt»p in electric 
supply, 2246 ; ditt'ereuce of phase, 
1362; relation to current, 1362, 
1363 

Voltaic battery, invention, 129, 5752 ; 

see Riittery, eh'clric 
Voltameter, 326(», 3261 
Voltmeter, 291 

Volume, of gaa(‘S, Hoyle’s law, 1804 

— in geometry, 4207 

— of solids, change of, at melting 

point, 1740 ; calculation, 5966 
Volumetric analysis, 4411 ; text-books 
on, 4416 

Voluntaries, in church music, 3867 ; for 
haniioniiim, list of collectious, 4184 
Voluntary action, physiological account, 
2302 

— muscles, function, structure, 1710 

— in psychologv, distinguished from 

•• reflex.” 2117 

Voluntary scIukiIb (Acts of 1902-3), 
1677 

Volute, in Assyrian architeetun*. 2667 

— in centrifugal pump, 1687, 1688 

— violin, 2121, 2122 
Vomiting, causes, remedy, 5842 

Von Patera process of silver recovery, 
4304 

Vortex theory, in physics, 936 

— turbine, mechanism, 1689, 1692 
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Vortigern, Xing of Wales, invites Saxon 
help, 2610 ; and Hengist and 
H(jrsa, 2241 2365 

Voag(-s, mountains, Germany, 1837, 
1974 

Voucher trading in shopkeeping, 703 
Voussoir, arcli, bricks for, 1949, 1950 ; 
definition, formation, 2386, 2389 ; 
graduated witl» keystone, 3039 ; 
stone arches, 3143 ; joints to, 3036, 
3038 ; position of natural bed of 
atone. 2836; siz(;, 3144; sta- 
bility, 2760, 2761 

Vowels, in Englisli, 121 ; French, 123 ; 
in German, 249, 748 ; Italian, 
2043 ; in Spanish, 2040 

— in shorthand, 259, 260 

— in singing, 6338 

— in souiid, production of, 2318 

— toiK's, Helnihoitz on difference be- 

tween, 2318 

Vries, ])e, biologist, mutation theory. 

Vulcanisation processes, 809, 5045, 
5202, 5203 

Vulcaniser, cable, 6793 ; use in den- 
tistry, 6030, 6032, 6033 ; theory, 
5312, 5313 

Vulcanite, 809 ; for covering concrete 
roofs, 4758 ; use in dentistry, 809, 
5310, 6029; invention, manufac- 
ture, 5310; as insulator in elec- 
tricity, 672 

Vulgar fra(dions : see Fractions 
Vulture, description, 2212, 2213, 

2493 

Vyncr window , Christ Oiiurch Cathedral, 
Oxford, 7 ilat.p fttcino 4945, 4949 
Vyrnwy, river, dam, 2573, 2574 

WAODINQy in vehicle trimming, 3624 
Wafers, biscuits, manufacture, 3397 
Wages, how shown on balance-sheet, 
2882 ; law affecting payment 
(Truck Acts), 6845 ; ndation to cost 
of production, 3418 ; reproductive, 
2500 ; salary, distinguished from, 
1090 

WTaggon, agricultural, 1846 ; axle-box, 
209, 3265 

— motor : see Motor vehicles 

— railway, 2463, 2467, 5068 ; axle-box, 

209 ; closed, use, 5069 ; load 
gauging, 5075 ; loading, 5072 ; 
marks of railway C()mj>anie8, 5069 ; 
merchandise. 5068 ; mineral, 5068, 
5069 ; private railway, ownership, 
5008 ; reversing on temporary 
line, 3255, 3256 ,* runaway, arrest- 
ing, 5072, 6074 ; shunting opera- 
tions, 5070, 5074 

— road, light. 2829, 2830 
Waggoner, duties, wag(;8, etc., 2999 
Waggonette, 2466 

W’agtail, claasift(‘ation, 2210; food, 
2493 

W’aikite geyser, N.Z., 1207 

W’aist, danger of restraining, 1301 ; 

woman’s, natural size, 4258 
Waistband of boy’s knickers, HSl ; of 
skirt, 655 

W^aistcoat, making, 2872, 2873 ; see also 
Vest 

W'ait(^rs, wages and tips, 5.584 
W’aiting, butler’s duties, 761 
W’ ait nesses, catering charges, wages, 
5.583 

Whales, ugri('u)tural land, 98G ; Cam- 
brian rocks, 22.53 ; coal and iron 
fields, 987, 988, 6303; educa- 
tional facilities, 1777 ; farm ser- 
vants, 3001 ; geography of, 1276, 
1277 ; Tilendower’s revolt, 3251 ; 
early history of, 2609 ; language, 
origin, 1768; lowlands, 984; sea- 
fishery regulations, 5318 ; slate 
quarries, 580, 1817 ; universities 
for womer . 3508 ; wars with 
Edward I. of England, 3074 ; wool 
production, 72 

— truce of, tlie first, 2610, 3075 
W’alkiiig of children, age, 4684 ; value 

as exercise, 4389 ; physiological 
account, 1800 ; as means of 
transit, 2152 
W'alks, garden, 6316 
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Wall ashlar, backing's to, 2J77, 3037 ; 
brick, construction, 1451^ 1'154, 
2261-226S ; concrete construction, 
334, 1450, 1451 ; openinRs in flrc- 
rcaisting, 4760 ; Arc-resisting con- 
struction, 4754 ; foundations, 332 ; 
interiors, preparation for papering, 
6828, 5'820 ; medieoval, 020 ; shor- 
ing, 916 ; stability, 2570, 2571 ; 
stone, 1151, 1454, 3033 ; terra- 
cotta, 2770 ; top, Auishing, 2267 

— of Antoninus, building of, 2007 

— boring machine, 6755 

— coverings, kinds, and preparation, 

5828, 6830 ; upholstery, 6722 

— garden, making, 6322 

— plate of lean-to roof, construction, 

42*7, 4249 

— post, of room partition, 4448 

— plants, list, 6322 

— sea, 1657, 155fi ; rubble, 5572, 5581) 

— engines, construction and use, 591 1 

— in mining, 2575, 2378, 3501 

— retaining : see Itetaining walls 

— surfaces, (luantity surveying, 6513 

— upholstery, 6722 

Wallaby, skins and furs, 6428, 6430 
Wallace, Alfred Russel, 136, 1791, 
2786 ; on the Tapuans, 1788 ; on 
spiritualism, 3665 

Wallachm, ceded to Hungary. 6447 ; 

after Crimean War, 6692 
Wallflower, 349 ; classification, 352 ; 
nectaries, 731 

Walling, mining shaft, 3457 
Wallpapers, air permeability, 6021) ; 
books on design, 6728 ; design, 
5980, 6724, 6725 ; bunging, 5829 ; 
maniifactnro, 5827 ; printing, 
6725 ; pasting, 5830 ; trimming, 
6827 ; varnishing, preparation for, 
5835 

Walnut, 57, 355, 6891 ; use for carving, 
5809 ; in vehicle construction, 2827 

— oil, in varnishes, 1 035 

Walpole, Sir Hubert, political career, 
5554 

Walsall pumping engine, 5417 
Walter printing press, first use, 5869 
Walton, Izaak, works, 1642 
Waltzes, as musical studies, 1890, 2023 
Waltzing, psychological effect of " re- 
versing," 2119 

“ Wander-year," part of German’s 
education, (55 

War, beneficial effects of, 5098 ; Ruckle 
on evils of, 5099 ; C^irlyle on pur- 
port of war, 5098 ; effect on family 
life, 4664 ; Grotius's four kinds, 
5245 ; Napoleonic, 5085 ; place in 
sociology, 5095 

W’ar Office, junior clerkships, 3195 
Warbeck, Herkin, imposture, 3649 
Warbic fly, in live-stock, 2*326, 2627 
Warbler, classification, 2210 ,* nesf, 25(J7 
Ward, Dr. Lester, matriarchal theory, 
4825 ; on man's treatment of 
woman, 4825 

Warder, prison, appointments, 3301 
W’ardfobes, construction, 6oS9. 6590 
Warfare, military replaced by indus- 
trial, 5099 

Warning-bfmrd, railway, 4592 
Warp, of bobbin-net loom, 4979; 
breaking, detection, 3636 ; of 
carpets, 3990 ; controlling, 3684 ; 
in design, 2939, 2944, 3153, 6595, 
6590 ; of double cloth, 5509, 
55/0 ; dyeing apparatus and pro- 
cess, 6369 ; dyeing, mixed effects, 
6501 ; frames, 4763 ; heaiding, 
3909 ; lace I(X)m, 4879, 4978 ; 

" planted ’* effects, G595, 6596 ; 
of tapestry carpet loom, 3996 ; 
treatment, 3488 
Warping, of timber, 3539, 3541 
Warping mill, mechanism, varieties, 
3422, 3490 

Warrant officers in army, 3842, 4031 ; 
in navy, 4266, 4267 

Warren girder, 541 ; stresses, 641, 
2227, 2228 

Wars of the Hoses, cause, character, 
battles, 8603 
Warsaw, battle of, 5396 
Warships, development, 6267 
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W’ash, inlet, Lines., 984, '1278 

— water-colour, laying on, 1792 

— back, in brickmaking, 1281 

— drawing, press illustration, 6102 
Washer, of ball-thrust bearings, 4325 

— in carpentry, proportions, 1704 ; use 

with bolts, 3543, 8546 
Washer-cutitiiig machine, in harness 
mami fact lire, 4784 
Washer-plate, casting, 2111, 2113 
Washing, in dyeing, 6372 ; in laundry 
work, 2590, 2688 

— powders : see Soap powders 
Washington, descrlpfion, 4172 ; tour- 
ing, description, 1649 

Washington, George, 5844 ; presidency, 
r.S.A.. 5846 

Washleather, manufacture, 1166, 3165 
Wash-wheel, use In soaking hides, 2853 
Wasp, description, 3722, 3724, plaie 
lacing 3361 ; social, and solitary 
nests, 3725, 3726 

Waste book, bank bookkeeping, 4441 ; 
products, utilisation, 5766 ; books 
on, 6689 

— silk, 1245; drawing process, 2100; 

improving and gassing, 2598 ; 
making sliver, 1724 

— wax, casting method, 5526 
Watch, cylinder or horizontal, me- 

(‘hunism, 6084 ; dissecting and 
mending, 6081 ; lever, mechanisin, 
6084 ; manufacture, 6081 ; re- 
pairs, 6083 ; types, 6084 ; verge, 
cleaning, 6082 ; verge, dissect ing 
and putting together, 6081, 6082 

— .ship's crew, 6803 

— telephfine receiver, 5394 
Watchmaker, business of, 47, 5788; 

employment conditions, 2617 ; 
tools and appliances, 0081 ; work, 
6084 

Water, animals and plants, necessity 
to, 4133; bacteria in, 0441; 
capillarity, 1374 ; chemistry t>f, 
692. 1597, 3261 ; compressibility, 
1142; daily amount for man, 
3110 ; density, 798 ; desert platits’ 
economy, 727 ; diseaa**s carried 
by, 5110 ; distribution, 1597 ; drink- 
ing, 3380, 4157 ; drops, formation 
of, 1270; effect on atmospheric 
temperature, 294 ; effect on the 
earth’s crust, 302, 456, 1499 ; 
electrolysis, 288, 3260, 6155; 

ero.sive action, 10:13 ; evaporation, 
554, 555 ; expatisiuii under heat, 
1738; as fertilising agent of 
flowers, 729 ; filters, 5765 ; in 
lonnfiatloii.«i, 331 ; as geological 
agent, 255, 618, 619, 898, 1356, 
1501 ; hard and soft, 844 ; imrd, 
conversion to Soft, 4095, 5761 ; the 
lioinc of life, bio]ogjr.al statement, 
1311 ; in human bixly, 438 ; hydro- 
statics and mechanical engineering, 
1402; impurities, 4095, 4158; 

infiiH'ncc on plant life, 22, 167, 
506, 508 ; in laundry work, 2477 ; 
and lead pipes, 359, 1160; 

mine shafting, interference with, 
3458 ; ])oliution of river, 4156 ; 
power generation from, 6011 ; 
pinni>ing in mines, 3308, 3310 ; 
radio-activity, 2029 ; rainfall and 
supply, 4024 ; refractive index, 
5852 ; soft, preparation, 5761 ; 
softened, use in railway engine 
bfdlers, 5103, 6104 ; specific heat 
of, 1739 ; standard of specific 
gravity, 797, 1078 ; Hiuiidard unit 
of mass in physics, 423 ; storage, 
4027, 4029 ; subsoil, 5273 ; under- 
ground, 1504 ; in volcanic action, 
i 207 ; weight per cubic foot, 1402 ; 
weirs, 1576, 1677 ; 8es also Hy- 
draulics 

Water Hoard, Metropolitan, functions, 
320 

— bucket, in mining, 3308, 3310 

— butt, use and capacity, 5761 

— carriage by ; advantages, 2277, 4517 

— cart, capacity, 2326 

— closet, 6631 ; soil, 669 ; supply 

se'Tvico. 5633 ; traps, pans, 5634 ; 
quantity surveying, 6512 
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Water filter machine, mechanism, 1999 

— garden, making, 6321 ^ 

— gae, production, 4931, 6195, 6153, 

6818, 6825, 0826 

— glass, properties, use, 359, 842, 1160 

— Inspectors, municipal, 1498 

— meter, construction, 4336-4339 

— pipe, screws for, 3004, 3006 ; pre- 

paration for use, 4158, 4139 

— IHiw’er, and electricity, 1694 ; use in 

engineers’ factory, 5590 ; horse- 
power, howto calculate, 1695 ; hy- 
drostatic aijid hydraulic machines, 
1085-1695 ; man’s use, 4616 ; 
mathematical rules, 1573 ; power : 
sec also Hydraulics 

— softener, 57, 61, 6765, 6196 

— steriliser, 5760 

— suj»ply, arrangements and connec- 

tions, 6632 ; in building operations, 
308 ; engineers’ duties, 167 ; 
friction in pipes, 1574 ; in military 
operations, 6270 ; piezometer, 
1574 ; pipes, 1704, 4387, 6632, 
6512; piiritlcatlon and filtration, 
4095-4 100 ; quantity surveying, 
6512; Homan aqueducts, 1686; 
syphon, use of, 1686 ; of towns, 
4027, 4157 ; waste detectiem, 4337 

— tank, pneumatic, in mining, 3310 

— tube, boilers, 6878 

— vapour, amount in air, 1899, 3719 ; 

law of pressure, 1741 ; measure- 
ment in air, 6131 ; volcanic, 1207 

— wheel, classes, 5678, 5679 ; horse- 

power, caL'ulation, 1695 ; mechan- 
ism, 1690 ; see also Turbines 
Water-beetles, description, :1510, 3511 
Water-bug, description, 3365 
Water-colour, shading, medium, 1533 ; 

choice of colours, 1021, 1022 
Watercress, classification, 352 ; sewage 
plant, 4549 

Waterfall, formation of, 618, 619, 1634 ; 

|M)wer utilisation, 5679 
Water-feruH, structure and varieties, 
1112 

Water-flea, description, 3809 
Watering, of roads, method, 2326 
Waterleaf, qualities, 6395 ; descrip- 
tion, 6398 

Water-lily, classification, 352 ; stomata, 
170 ; typical illustration, 349 ; 
for water garden, 6320, 6321 ; 
wliite, 349, 359 

Water-line, of ships, 5608, 5609, 6967. 
5614 

Waterloo, battle of (1815), 5239 
Waterloo Bridge, London, 2497 ; sunk 
joints to vouHsoirs, 3038 
Water-lover, beetle, description, 3511 
W^atermark, papermaking, 6397 
Water-meadow, description, 1379 
Water-parting, pliysical geography, 456 
Water-plantain, classification, 355 
Waterproof, as cloMiing material, 3015, 
4256; preparation of, 808, 5201 
Water-rail, classification. 2212 
Water-rat, swimming apparatus, 2038 
Water-ring, in mining, 3458 
Water-root, {dant, distribution, use, 626 
W’ater-scorpifin, description, 3364, 3365 
Water-seal, in drainage, 670, 781 ; 
rotary piim}), 6060 

Water-snail, prey of flake embryo, 3059 
Water-spider, nest, 3864-3806 
Watcr-Ust, in drainage, 782 
Waterways, railway, construction of 
troughs, 3613, 3614, 3615 
Waterworks, municipal, 575; Harlia- 
nientary powers, 1237 
Watkin heat recorder, 1285 
Watson, William, poet, 1438 
Watt, unit of electricity, 292, 1590 
Watt, James, inventions, 6416, 6417 
Wattle trees, cultivation, barking, and 
use of bark, 3698, 6(1|65, 6066 
Wattmeter, use and construction, 292, 
2812 

Watts-Bunton, Theodore, author, 2687 ; 
Bomiete, 1438 ; on Tennyson’s 
poetry, 1434 

Watteau, 4118 ; landBoape painting, . 
4300 

Wave earthquakes, direction and speed 
of travelling, 1208 , 1209 
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Wave, electriCr 3894, 3895 ; effect on 
^loherer, 3896, 3898 

— motion, 2101 ; “ Interference ** of, 

2319 

— sea, erosion by, cause of, 757,1, 6578 ; 

in harbours, etc., 6218 

— form of sound, 2102; analysis by 

ear, 2318 

— windlnR, of dynamo, 1321, 1323 
Wavorley Novels, Scott’s, 3344 

Wax. defined, properties, kinds, 4834 ; 
book on, 4834 ; as electrical insu- 
lator, 672 ; as a modelling medium, 
1676 ; mineral, 1105 ; see oho 
Carnauba, Chinese, Japan, etc. 

— waste, art metal-work process, 6526 : 

see also Cire Perdue 

Weak verbs, 117 ; English conjugation, 
1049; (lerman, 1190 
Weald, in Kent, 1276 ; ancient sea 
bed, 1345 

Weaning, calves, 22.38 ; infants, 4683 
Weapons, primitive, 4616 
“ Wear and tear," allowance in balance- 
sheet, 2769, 2883 
Weather, physics of, 1899, 4882 

— board, of window sill, 5183 

— glass, 1139, 6131 

— glasses in botany, description, 1368 

— vane, construction, 5795 
Weathercock, use, 6131 
Weathering, definition, 302 ; of rocks, 

1600, 1501* 

— of building stones, 2835, 3039 
Weaver birds, 2209 

Weaving, 3488 ; automatic, 3637 : 
beam, 3909 ; contractions of face 
and back design, 6509 ; design, 
2944 : looms and their mechanism, 
3492, 3636 ; textile ornament, 3153 

— basket, processes, 5490, 5664 
Web, spider’s, spinning, 3804 
Webbing, in dressmaking, to put on, 666 

— in upholstery, 6710 ', couch, 6719 
Wedge, 684 ; practical application, 687, 

834 ; in launching ship, 6923 ; 
use in mining, 2583, 3564 ; in 
shoring, 917; of plane, loosening, 
3757 ; tool, 532, 633, 4149, 4151 
Wedging curb, in mining, 3468 

— fox or foxtail, A(m-404J 
Wedgwood jasper ware, 6382 
Weeds, in agriculture, 882, 883 ; cows' 

food, 3890 ; eradication, 7.177, 
1378 ; forest i>est, 4925 ; garden, 
6319 ; prevention, 1200 
W’eejj-holes, agricultural pipes as, 647 
Weeping pipes, in drainage, 570 

— tree, described, 508 

Weevil, pine, pest, 4926, 4927 ; ravages 
of, 3512, 3513 

Weft, chenille, in Axminster carpet, 
3994 ; continuous supply, 3035 ; 
control, 3636 ; definition, 3488 ; 
design, 2939, 2944, 3153, 6595- 
6598 ; of double cloth, 5509, 5510 ; 
fork, of Northrop loom, 3637 ; of 
lace lcM)m, 4879 ; pricks of, use in 
carpets, 3993, 3994 
Weighing machine, principle, 830 
Weight, definition, 1797 ; and mass, 
423 ; of matter, etc,. 312 ; as a 
standard in physics, 423 ; in 
machines, 684 ; variation, 289 
Weights and measures, table of in chief 
countries, 409 ; public inspectors, 
full account, 787, 788 
Weights and Measures Act (1004), pro- 
visions, 788 

Weir, construction, calculation of 
water flow, 1676, 7577, 5113, 5333 
Woismann, Prof. A., chief biological 
work, 1791 ; evolution theory. 
1180; germ plasm, theory, 5674; 
on ."lex and variation, 651 
Weld, 233, 236 ; of tramway rails, 3752 
Welding, in iron working, 236, 2987, 
3096, 3108, 6453 ; comparative 

advantages of Iron and steel, 2984 ; 
“ electric, 6457 ; oxy-acetylene blow- 
pipe, 6455 ; of wrought iron, 1044 
Weldon chlorine process, 4777 • gas 
purifier, 6822 

Well, 4156 ; artesian, 1504 ; brine and 
oil, 2847 ; cottage, types, 4095 ; 
country house, drainage, 781 ; 


foundations, in dock construction, 
6496; hygiene of, 4166-4159; 
sinking, 4028, 4479-4457 

— of steamer, position, 5401 
Wellington, Duke of, defeats Napoleon, 

5238, 5239 ; premier, 5686 
Weltingtonia, classification, habitat 
and dimensions, 503 
Wells, H. G., novelist, 2785, 3558 
Wellsinker’s boring tools, 4479-4457 
Welsbach burner, construction, 0026 
Welsh, the origin, 2354 

— cattle, 432, 2236 

— pony, description, 2074 

— sheep, 2363, 2365 

Welt, in bootmaking, 4137, 4138, 4641, 
4543 

Weser, river, basin, 1975 
Wesleyan church, 162, 6605 
Wessex, foundation, 2242 
West Indies, geography, 4177 ; map, 
4172 ; cotton industry, 222, 384 ; 
fibres, industry, 818 ; labour supply, 
6629 ; petroleum deposits, 6007 
West Saxons, Kingdom of, 2242, 2355 
W<*8teru Australia, geography, 3899, 
3900. 5560 ; farming, 323.5 ; teach- 
ers’ demand for, 3741 ; settlers, con- 
cessions to, 3235 

Western Emigre, Charlemagne’s, 2947 
Westiiighouse brake, mechanism and 
working, 3127 , 4696 : tramcar, 1934 
Westminster Abbey, architecture, 3374, 
3375 ; buttress, 3145, 3147 ; 

stonework hardening, 3244 
Westminster Hall, architecture, 3374 
Weston clutch, 962 
Weston standard cell, electric, 700 
W(*stphalia, industrial area, 5826 
Westphalia, Treaty of. 1648, 4399 
" Westruinite," use. 6151 
Wet doubling, 2707, 2708 

— manner, in painting, 1022 
Wether, in firming, 2 <60 

— wool, 1120 
Weymouth pine, 54, 1260 

Whale, brain, weight of, 2144 ; classi- 
fication, 380; description, 1763, 
1764 ; tvory from, 811 ; swimming 
apparatus, 2039 ; source of sperm 
oil, 4833 ; uses, 5121 ; vestiges 
of hind limbs, 1491 ; whale oil 
from, 4833 

— oil, source, composition, 48.33 
Wlialebone, 1764, 6891 ; in dress- 

makiug, 185 
Wharton’s duct, 577 
Wheat, 872 ; from Argentine, 4288 ; 
botanical account, 913", cultiva- 
tion in N.W.T. of Canada, 3206 ; 
cultivation of, 1229 ; cultivatioii in 
Europe, 855 ; dietetic value, 3311 ; 
<*xperimental farming, 3204 ; flour, 
scales removed, 351 ; grain, 637 ; 
grinding, cleaning, milling, 3078- 
3083 ; harvesting, 1662 ; liarvest 
in Canada, 3202 ; Hungarian, 
.5710; ns livestock food, 2704, 
2908 ; nutritive value, 3599 ; 
pedigree varieties, 914, 915 ; pests, 
fungous, 1669 ; relation to rain- 
fall, .5660 ; sowing, 432 ; starcii 
extraction, 5364 ; varieties, cul- 
tivation, climatic conditions, 4873 ; 
world’s crop, 4874 ; yield, 26 
-- bran, as live-stock food, 2704 

— mil ling, 3078-3083 

— polish, 872 

— rust, cause, 1372, 1373, 1669 

— straw, as cattle fmKl, 2909; yield 

per acre, 872 

Wheat-ear, classification, 2210 

stitch, in underclothing, 3337, 

3339, 3340 

Wheathtoue ABC system in telegraphy, 
4384, 5067, 5177, 5178 
Wheatstone automatle system in tele- 
graphy, 4386, 4669, 5391 
Wheatstone bridge, in electricity, 791 ; 

use in cable testing, 6547 
Wheel animalcules, 3956, 3958 
Wheel and axle, 684 ; application in 
practice. 687, 832 

— iron, in elliptic spring carriage, 3124 

— meter, for measuring stream velo- 

city, 1576 


Wheel plate, of vehicles, 3122, 3125 

— press, 1222 

Wheelhouse, of light waggon, 2829, 2830 
Wheels, bevel, drawing, 3922, 3923 ; 
cutters for, 3631, 3632 

— of bicycle, construction, 3775, 3776 

— casting, 2337, 2339 ; moulding, 

2543, 2544, 2698 ; pattern making, 
2464 

— chain, teeth and links, 4002, 4003 

— change, in screw cutting, 3628 

— of clock, American, 5711, 6712, 

5713 ; of eight-day, 5716 ; for 
new clock, fitting, 5884 ; of pen- 
dulum clock, 5715 

— emery, corundum, carborundum, 

4583 

— friction, use, action, 4002, 4004 

— gear, uses, materials, speeds, 3660 ; 

bevel, 5354 

— gearing, raw hide, in technical 

drawing, 3021 

— glass cutting, 4931, 4932 

— grinding, 4583, 4585 

— of horse carriages, dimeusioiis, *55S 

— key grooving, 3404, 5448 

— screw, forms, drawing, 3922, 3925 

— spur, 3653, 3658, 3659 

— stud chain, 4001, 4002 

— trolley, 209 

— vehicle, 3126; of light waggon, 

2829 ; timber for, 2827 ; wear, 3437 ; 
verge watch, 0081, 6084 

— worm, form, 3924, 3925 

Whey, constituents, 4034, 4038 ; ex- 
traction from curd, 4490, 4572 
Whig, during George III.’s reign, .5555 ; 
politics of original party, 4590 ; 
politics in Anne’s reign, 4952 
Whin-sill, in geology, 2066, 2377 
Whinstone, 529, 535, 1517, 1518 
Whip, in mining, in bell-pit working, 
3190 

Whipping, milliner's stitch, 4565, 4566 ; 

in underclothing, 3337 
Whipple-Murphy truss, under load, 
2228, 2229 

Whirligig beetles, description, 3510, 
3511 

Whirler, in drying block-plate, 0481, 
6483 

Whisk, for brushes, 0106 
Whisky, adulteration, 3718 ; aloolu»i 
in, 10;15 ; dietetic value, 3315 
Whistler, painter, influenced by Japau- 
e.seart, 4302 ; " Battersea Bridge," 
4302 ; medium used, 871 ; setting 
palette, 1020 ; pastel drawings, 
1061 ; water-colour painting, 1022 
Wliitbed stone, 533 ; quarry bed, 2830 
White, pigment, oil-painting, 871 ; 
synibidlsm in art, 725 ; water- 
colour painting, 1021 

— corpuscles, function, histology, 953 

— lead, formula, preparation, proper- 

ties, substitutes, 10;10, 1160, 5143, 
5832, 5988 

— lilac, porfmne, recipe, 4972 

— matter, of nervous system, 2143 

— oak, 56 ; strength, 1260 

— precipitate, composition, 1721, 1722 

— rose, perfume, recipe, 4972 

— skit, in cattle, 2624 

— spruce, limber, 55 

— vt‘in marble, plate facing 480 

— walnut, timber of, 67 
Whitebait fishing, 5314 
Whitecoat, fur, 6428 

Whitefriars rotary printing machine, 
construction and operation, 5870 
Whitehoiise tube-welding, process, 5321 
Wliitening process, leather inumifnc- 
ture, 3220 

WlHtewnsh, preparation and use, 5835 
Whitew'ashing, processes and materials, 
5835, 5836 

W^hitewood, American, in cabinet- 
making, 6579, 6582 ; for carving, 
5809 ; in vehicle construction, 
2827 - 

Whiting, cutlets, nooklug, 1874 ; frying 
and grilling, 1873 

— in glazing, 649 ; composition, use, 

5143 ; use in whitewashing, 5835 
Whits, tin ore extraction, 6162 
Whitworth clasp-nut, 830, 831 
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Whitworth engineer lug Bcholarships, 
valuet 482 

— measuring mactiiiie, 688, 835 

— screw threads, table of, W05 

— stuiidard bolts, proportions, 1703 
Whtzzer, use in clothmaking, 4106 ; in 

milling wheat, 3080 

Wholesale trade, accounts, 6209 ; adver- 
tising, 62i)9 ; cash with order 
terms, 6207 ; bills of exchange, 
1318 ; centres, 6207 ; conditions, 
6207 ; development from retail 
business, 6926 ; opportunities, 
6207 ; price maintenance, 6208 ; 
system in biisiness, 6207 
Whooping-cough, 5409, 5410, 5412 ; 
epidemics, severe, 6782 ; symp- 
toms, 6261 

Whorl, of flower, 346 ; various arrange- 
ments, 350 

Wick, candle, niamifacture, 4838 
Wicker-work, varieties, 5488, 55fi5 
Wicket, of brick-kiln, 1284 

— for foot passengers, 3615 
Widgeon, choosing, 1228 ; classifica- 
tion, 2213 

Wight, Isle of, geography, 1275 ; 
history, 2611 

Wild animals, trade in, 891 

— cherry bark, source and use, 6068 

— duck, choosing, 1228 
Wilkie, David, painter, 4393 

Will, in iwychology, 2806, 2993 ; effect 
of alcohol on, 5813 ; control of 
physical functions, 5841 ; true 
method of cultivating, 2860 ; edu- 
cation of, 2549 ; relation to 
reason, 2805 ; in relation to reflex 
action, 2118 ; theory of, 2544, 2802, 
2993 

Will (and shall), in English grammar, 
758 

WiUes<ien paper, preparation, 6561 
William the (k)nqiieror, acquires Chan- 
nel Islands, 2611 ; life, reign, 
character, 2358, 'plaJU fticing 2353 
William 1. of Prussia, reign, 6445 
William II. of England, 2674 
VS'illiain II., Emperor of Germany, 
accession, 6440 

William III. of England, reign, 4841 
William IV. of England, reign, 5686 
William, I*rince of Orange, marriage, 
4762 

Willow, use in basket-making, 5488 ; 
cla.ssification, 355 ; flower, p/aie 
facing 728 ; in paper manufacture, 
^278, 6279 ; protection against 
insects, 1115; source of salicin, 
3819, 6068 ; strength of timber, 
1260; tufted seeds, 911, 912 

— bark, in tanning, 1166, 3013 

— machine in cotton manufacture, 

1241, 1242 ; woollen, 71, 112:i, 
1124 

Willow-herb, HHO ; el-issiflcation, 353 ; 
I)ollen protection, 1114; tufted 
seeds, 911, 912 
Wills, legality of, 6851 
Wilton carjjet, design, 3357 
Wind, calculation in designing struc- 
tures, 416 ; cause, rainfall, 294, 
298 ; in climate, infiiieiiee, 4494, 
5274 ; coa.st, influence on, 6218 ; 
effect on earth’s crust, 302 ; erosion, 
influence on, 5577 ; os fertilising 
agent of flowers, 729 ; influence on 
navigation and trade routes, 4498 ; 
measurement of direction and 
pressure, 6131 ; physical geo- 
gra])liy, 294 ; pressure on sails, 
9226 ; purifying agent of air, 
3709 ; sailing ves.sel8, effect on, 
9225 ; tidal influence, 1017, 6219, 
transporting life, agent in, 1500 ; 
transportation of matter, agent in, 
1499 ; velocity and pressure, 6218, 
6219 ; ventilation, means of, 4020, 

— baud, instrument, 5890 

— chest, of organ, 3857 

— cracks, in timber, 52 

— dispersal of seeds, 910-912 

Wind instruments, in niusic, pitch, 1058 
Winders, of sUiircase, 3241, 3243, 6298, 
6.300, 53&2 

Winding of dynamo, 1321, 1323 
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Winding in mining, 3308, 3766, 3767 

— silk, process, 2596, 2596 

— in textile, 2692 

— strip, in carpentry, 8386, 3757, 3769 

— “P process explained, 

Windlass, in building operation, 1172 ; 

Chinese, 834 ; in mining, 3190 
Windmills, uses, horse-power, 5012, 
5012; pumping station, 6061, 6063 
Window, bay, tmnding piers of, 2176, 
2177 ; elevation drawings, 5546, 
5648 ; dormer, 5185, 6187 ; fixed, 
hinged, and sliding, 6184 ; grills, 
6795, 5796 ; of half-timbered 

gable, 5696, 5698 ; lunged forms, 
5183, 5186 ; raking mouldings of 
pediments, 5297, 6299 ; splayed 
work, 6296, 5298 ; strutting open- 
ings, 918 ; two-light stone, detail 
drawing, 5695, 5698 

— shop, 396 

— stained glass, 4946-4949 

— of vehicles, brougham, 2829 ; ven- 

tilation problem, 3024 

— boxes, making, 6316 
WiTidow-casement frames, wrought iron 

and steel, 5795, 5797 
Window -dressing, in shopkeeping, 509 ; 
importance of, 45 

Window-frames, cast-iron factory, 
5795, 5797 ; of light waggon, 2829 
Window-partition, of light waggon, 
2829 

Window-sill, curved design, 2287 ; lead 
upon, 5033 

Wind-pressure, on buildings, 2448, 
2449 ; on telegraph and telephone 
wires, 6323 

Wine, adulteration, 3718, 6350 ; bot- 
tling, 762 ; bouquet, 6355 ; com- 
position, 6356 ; areas of cultiva- 
tion, 4875, 4876 ; dietetic value, 
3315 ; flavour, 6355 ; home-made, 
3379 ; production, 2878, 6355 ; 
stains, removal of, 2590 ; unfer- 
mented. 6355 

Wine, British, definition, 6356 

— jelly, recipe, 2002 

Wine and spirit merchants, business of, 
5780 

Wings, birds’, attachment and use, 
2495, 2496 ; modification of fore- 
limbs, 2209 ; developed in mam- 
mals, 2037 ; differentiation in bird, 
reptile, and insect, 2038 ; origin- 
ally parachuting organs, 3401 ; use 
in hat trimming, 5506 

— of vehicles, freehand design, 2729 
Wingless insects {agtera), description, 

3362, 3363 

Winter, cause, 15 ; condition of plants 
during, 728 

Wintergreen, oil, composition and 
source, 3818, 5469 

Winzes, in mining use, 3194, 3304, 3306 
Wire, aerial telegraph, capacity, 5242 ; 
in cutting bricks, 1281 ; use in 
casting, 2338 ; used for electric 
current, 463 ; fencing and barb, 
5170 ; hclicoidal, in quarrying, 
2956 ; iron and steel, breaking 
strains, 5167 ; pianoforte, manu- 
facture, 6170; ribbon, use in mil- 
linery, 5504 ; in sculpture, iu 
making an armature, 1676 ; sitver- 
giJt, manufacture, 5170; steel, 
composition, 4747 ; as straining 
line in measurement, 3692 ; tele- 
graph, material, 6169, 6324 ; tele- 
phone materials, and erection, 
9324, 6325 ; testing, 1700, 1702 ; 
uses, 5167--5176 

— cloth, manufacture, uses, 5170 

— coils, manufacture, 5173 

— drawing, process, 6524, 6525, 5643 

— entanglements, construction, in 

military’' operations, 6272 

— feed, automatic, 4922, 4924 

— gauges, Imperial standard and 

Birmingham, 6169, 5170 

— making, processes, 6167, 5168-5176 

— nail, use in carpentry, 3643, 3546 

— netting, manufacture, 6176 

— rope : see Rope 

~ stitch, milliner’s, 4665, 4566 


Wire and twbe drawers, employment 
conditions, 2644 ‘ 

Wired glass, 6837, 5838 
Wireless telegraphy, 3894-3897 ; inven- 
tion of, 128 ; books on, 4208 
Wirew’orm, 1666, 3512 ; ravages, 1667 ; 

destruction of, 589, 1668 
Witch, in psychical research, explana- 
tion of power, 3626 

Wdliler, Bynthesis of urea, 2711, 8703 
Wolds, the Lincolnshire, 1273 ; York- 
shire. 1272 

Wolf, skins and furs. 6428, 6430 
Wolsey, Cardinal, life, 3650 ; fall and 
death, 3832 

W’omen, air used in repose and at work, 
3801 ; use of alcohol, 5673 ; effect 
of alcoholism, 5812; anabolic 
functions, 4827 ; athletics, effect 
on, 4828 ; brain, W’oiglit of, 2145 ; 
breathing, mode of. 1301 ; careers 
open, 321 ; church iujustice to- 
wards, 4825 ; conservatism, 5531 ; 
standard diet, 3381 ; diseases of, 
5424 ; effect of economic com])eli- 
tioii on, 4828 ; elementary rcIumj! 
teaching, 6475 ; medical education 
and work, 4974 ; education, value 
of, 4973 ; ovcr-educatlon, undcr- 
eduention, 4973 ; effect of factory 
life on, 1667 ; function In society, 
4825 ; government appointments, 
2252 ; individuation versus genesis, 
4827 ; journalistic career. 4675 ; 
legal injustices, 4975 ; librarians’, 
public, salary, 1495 ; length of 
life, 4527 ; mortality, comparative 
statistics, 2794 ; physiological 
characters, sociology, 4828 ; post 
office service, 2807 ; private 
schools, teachers in, 0477 ; Qualifi- 
cation of Women Bill, 4975 ; 
claims on the race, 4828 ; railways, 
employment by, 4380 ; as sanitary 
inspectors, 700 ; Shop Hours, and 
other Acts, inspectors under, 788 ; 
subject condition in society, 4825 ; 
value In society, 4826 ; services 
lost to the state, 4975 ; strength 
compared with men, 2796 ; teach- 
ing, L-t'.r. appointments, 1679, 
6475 ; teachers’ salaries, 6476, 6479; 
typewriting office, 1918; typist.s’ 
Haiaries on L.C.C., 1215 ; universi- 
ties, disabilities imposed by, 4975 ; 
wviters, nineteenth century, 2618 ; 
work in mines and collieries pro- 
hibited, 6691 

Wonder, factor iu journalisni, 3812 ; 

importance in training, 2137 
Wood, compared with bast in stem 
of plant, 199, 170, 171 ; bending, 
5296 ; bleaching for dyeing, 6652 ; 
in building, 51- 57 : sec also 
Timber ; in carpentry, properties, 
3540, 6809 ; conductivity, thermal, 
2001 ; comnosition, 5404 ; coni- 
ferous, distillation, 5466 ; creosot- 
iug, 5463 ; curved work, building up 
for, 5296, 5299 ; design, treatment, 
5980; destructive distillation, 54^4 ; 
books on, 0089 ; distillation pro- 
ducts, 5467- 5470 ; dyeing, 6652, 
6653 ; fibres, magnified, 6280, 6281 ; 
fuel for power production, 5127 : 
curved work, 5296, 5299 ; fixing 
to masonry, 5182 ; grain in wood- 
carving, 6045 ; manure, ashes as, 
590 ; moisture, effect of, 3539 ; 
paper from, 1168 ; patterns, for 
casting, 2453 ; pulp, yield of, 0281 ; 
sawn, defects, 3545 ; seasoning, 
3540, 3541 ; tools for working, 
4149-4/51 

— anemone, pollen protection, 1114 
Wood-ant, ant hill, 3727 

— carving, designs, 5810, 5978, 6043, 

6044 ; finishing and ageing. 6138 ; 
flat, 6044 ; fuming, 6138 ; German 
fifteenth century, 3947 ; incised, 
6046 ; jnt-agllo, 0137 ; relief. 6136 ; 
tools for, 6809. 5810, 6043 
Woodcock, beak, 2494 ; carving, 6934 ; 

classification, 2212 ; roasts 1876 
Wood-cutting, Dtir^r school, 6291 

— engraving, schools and methods, 6291 
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Woolly m 

Wood gas, manufacture, 6817. 6824 
W(X)d-k)Uge, habit, 3808^ 3809 

— naphtha : Bee Methyl alcohol _ 

— paving, in road conHtruction, 1980, 

2183 

Wot»dpeckcr, dcHcription, 2210, plaU 
lacing 2209 ; food, 2493 ; toeB, 
2496 ; ncRt, 2507 
Wood-pigeon, nest, 2507 

— pulp, Canadian manufacture, 1650 ; 

use in papermakiug, 4028, 8281 

— sage, seeds, 910, 911 

— sorrel, clnssiflcation, 353 ; fertilisa- 

tion, 909 ; growth in woods, 504 ; 
seed-capsule, 910 

— tar, distribution, uses, 1163 

— turning, 6853, 6854, 8885, 6866 ; 

lathes and tools, 6853, 8855 

— wasp, descrit)tion, 3722 ; forest 

pest, 4920 

Wood-wind musical instruments, manu- 
facture, 6624 ; repairing, 6626 
Woodwork, door-making, 3539; fire, 
precautions, 4752, 4753 ; jointing, 
3843, ^1845 ; painting, preparation 
for, 5834 ; repainting, 5836 ; 
staining, wax polishing, 583 5 
Woodworkers, boring tools, 4479, 4481 
Woodwtjrking, board cutters, 6994, 
5995, 5998 ; employment con- 
ditions, 2652 ; importance ma- 
chinery, 5667 ; log-sawing ma- 
chines, 5899-5904 

Wool, 67, 89, 224 ; ammonia from, 
4775 ; bleaching, 5640, 6198 ; in 
carpet weaving, 3990 ; as children's 
clothing material, 4863 ; clipping, 
2366 ; as clothing material, 4256 ; 
conductivity, 440, 1563, 2061 ; 

countries producing, 5120; action 
of dyes, 5637 ; dyebaths, 5954 ; 
dyeing with outch, 5906 ; dyeing 
with logwood, 5905 ; dyeing with 
madder, 5906 ; dyeing, forms of 
material, 6367 ; dyeing, mixed 
effects, 6501 ; for felt, hats, cleans- 
ing and forming, 8375 ; tlbres in 
cloth, 4107 ; from goats, 221, 224 ; 
hygroscopic property, 5639 ; manii- 
facture, 88, 89, 1720, 1125, 1169, 
1544, 2098, 2441, 3490; and felt 
manufacture, 1995 ; mattress stuff- 
ing, 6720 ; as manure, waste of, 
589 ; microscripic structure, 820, 
822 : mordanting baths, 5956 ; 
pliysical structure, 5639 ; print- 
ing, 4499, 4502; upliolsterej’s, 
6715 ; warping process, 3489, 
3490 ; waterproofing, 808 ; yarn 
counts, 2895 

— fat ; see Si lint 

vVoollen-slubhiug, ]trintmg, processes, 
4499, 4502 

Woolstaplers and workers, employ- 
ment conditions, 2650 
Word, detinition, 115; correct use in 
writing, 4577 ; perception, 2804 

— picturing, iii singing, 6336 
Wiirdsworth, William, poet, 1305 , 1308 ; 

tlieory of ’* wise iiossiveiiess,” 
2307 ; sonnet on dcniiiraiisiiig 
effect of peace, 5098 « 

Work, arithmetical problems, 1713 
--in physics and energy, 2819 
Worker, in carding machine, 1543, 
1548, 1886 

Workli<»useH. iniirmaricK, doctor’s sala- 
ries, 1929 ; staff, food aiid lodging, 
salary, 1928 : see afso Poor Law' 
Working classes, industrial drinking, 
5814 

— expenses, in shopkeeping, 178 
Workmen, in building, classitl edition, 

307 ; dismissal, law of, 6845 ; 
tines, law concerning, 6846 ; wages 
law, I’ruck Acts, 6846 
Workmen’s Ooinpcnsation Act, 1897, 
4826 

Workmen's ('ompensation Actj 1906, 
definitions, stipulations, 5928, 6846 
Works, ei^ineers’, typical arrange- 
ment, 5591 ; organisation and 
management, 5692 


Workshop practice, 2107 ; books on, 
5596 ; operations of, 3687 : see 
also Mechanical engineering 
Work-table, basket-work, 5564 
World, commercial routes, 5378 ; Euro- 
peanisation of, 630 ; forest-lands, 
625 ; geography of, physical, 625 ; 
heat and wind pressure, 297 

— external, philosophical idea, 6254 
Worm, description, 3958-3980 ; food 

' of birds, 2494 

Worm of screw gear, 3922, 3924, 3925 
Worms, in horses, treatment, 2621, 2827 
Worsted, manufacture of, 2098, 2291, 
2444 ; yarn counts, 2896, 2897 

— cloth, finishing, 4106, 4H0 

— wool, classification, 1120; gilling, 

combing, 1523, 1524 
Wort, in brewing, 3315 ; boiling, 6229 ; 

treatment, 6057 
Worth (— befall), explained, 905 
Worthington pumps, 1082, 6061, 8062, 
0083 

— double-action pump, 12, 1082 
Woiilff bottles^ aescriptiou, 4833 
Wounds, treatment, 6471, 6472 
Woven fabric design, 8592-8598 
Wrapper plate, of locomotive fire-box, 

3101, 3103 

Wrasse, fry or larvre, 3068, 3089 
Wreatlis, of staircase, construction, 
5301 

Wringing, in laundrywork, 2689 

— post, in dyeing, 6371 

Wrist, human, bones, 1348, 1708, 1709 ; 
joints, 1709 

Writer, Admiralty, examinations, 3197 
Writer to the Signet, examination, 
salary, 2765 

Writing, art of, a natural gift, 4578 

— paper, manufacture, 6401 
Wrought iron : see Iron, wrought 
Wyandotte, fowls, 4659, 4660, 4862, 

4857, 4957 

W'yatt’s spinning wheel, 22.3 
Wycherley, William, dranuitist, 1149; 
compared with (’ongreve, 1150; 
nortrait, 1151 

Wythe, chimney construction, 2387, 
2388 

X-RAYS ! sec lidiitgen rays 
Xanthin, product of sarcin, 3705, 4008 
Xenon, in periodic system, 401, 1446 ; 
discovery, 1296 

Xerophytes, 508 ; absorption of 
moisture, 727 
Xylonite ; see Celluloid 

YABLONOI mountains, Asia, 2562 
Yachts, catering, 5720 
Yale locks in vehicles, 3022 
Y’ard, spar, of sailing ships, adjust- 
ment, kinds, 5398, 5399, 6409 

— builder’s, description and use, 308 
Yarn, bleaching, 6197 ; eotton, count, 

calculation, 5507 ; dyeing, 6367 ; 
dyeing with logwood, 5905 ; 
dyeing, mixed effects, 6501 ; 
" gassing,” 6197 ; hank, weights 
and lengtlis, 2895 ; manufacture of, 
70, 2097 ; incasuriiig counts of, 
222 ; printing, in tapestry carpet 
man iifact lire, 3359 ; reeling, 2502 ; 
in sewing-thread mnniifacture, 
2707 ; spun *fflk, calculation, 

5507 ; stretching machine, 8198 ; 
testing strength, 1701 ; weight 
of warp, 5507 ; woollen, counts, 

5508 ; worsted count, 6507, 6508; 
Yorkshire skein woollen, 6507 

ITarns, carpet, quality, colour, 3990 ; 
liosiery, 4610 ; kinds and uses, 
5120 ; mohair spiral, 2594, 2695 ; 
stranding, 5290 ; for twine and 
rope, 5288 

Yawl, type of rig, use, 5398, 5399 
Year, divisions of calendar, 227 ; 
Koman calendar, 1182; in table 
of time-measurement, 226 
Yeast, elassiflcatlon, 166; in bread- 
making, .3393 ; cells in ferment- 
ing beer, 6228, 8230 ; photo- 
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micrograph, 6228, 6229 ; plant, 
description, 1372, 1373, 2878 
Yellow dyes, 5468, 6906 

— fever, cause, 4089 

— ochre, pigment, 871 

— pigment in art, 871 ; symbolism, 725 

— spot, of the eye, function and nature, 

2400, 2402 

Yellowhammer, classification, 2209 ; 

nest 2506, plate foUoaiing 2496 
Yetman transmitting typewriter, 5392 
Yew-tree, classification, 50»J ; great 
age, 504 ; garden hedge, 8317, 
6318 ; })oisonous to cattle, 2624 ; 
timber, 55 ; strength of timber, 
1260 

Yoke, in dressmaking, 477, 479, 480, 
968 ; of girl’s frock, 4473 ; infant’s 
garment, 3748 

Yolk, of hen’s egg, colour, 5434 

— in tempera painting, 1023 

York stone, for footpatlis, 2429, 2430 ; 

safe load on, 1519 
Yorkshire, farming in, 23, 24 

— wool measurements, 2895, 2896, 

2897 ; production, 7t, 72 
Young, Edward, poet, 993 
Young’s modulus, 1258 
Young, l>r. Thomas, use of term energy, 
1376, 2062 ; theory of colour 

vision, 3730 ; theory of light, 
935, 2432, 3329, 3367 

Z, in shorthand, 427, 587 
Zatfre, definition, 4930, 5985 
Zambesi River, bridge at Victoria 
Falls, 2738, 2739, 2740 ; course 
and description, 3583 
Zax, slater’s tool, 4865, 4887 
Zeeman, Prof., relation between mag- 
netism and light, 361 7 
Zenith, defined, 8243, 6244 

— distance, defined, 6665 ; deter- 

mination, 6245, 6660 
Zeuner’s diagrams, valve action, 6140 
Zero, absolute temperature, 1566 

— meridian, exphiiiicd, 14 

Zeus (Jupiter), Greek god, 668; Per- 
gamene altar, 2930 
Zeuxis, Greek painter, realism, 2930 
Zicrvogel process of silver recovery, 
4304 

Zinc, 1042, 6166; alloys, 3940, 6167; 
analysis, 4413 ; atmospheric re- 
sisting action, 6168 ; cast, uses. 
6168 : contraction on cooling, 1397 , 
distribution, 3771 ; in electric 
cell, 462, 790; in extraction of 
gold and silver from lead, 3836 ; 
extraction, 4306, 5755 ; hirnace, 
Relgo-Silesian, 4128 \ Industria] 
use, 6166 ; galvanising processes, 
8188 ; micro-structure, plate pre- 
ceding 3937 ; occurrence, 362, 
3855, 6166; paint for, 6572; 
physical properties, 3837, 3838, 
3839, 4306, 6186; refining, 359, 
6167: sheet roofing, 6168; sub- 
stitute for lead in external 
jilumbing, 5035 ; soldering, 6460 ; 
sources of, 5308 ; lest, 4409 

— blende, 359, 4306, 6167 

— chloride, formation, 6755 ; nse, 6168 

— oxide, 0J66 ; uses, 1036, 5832, 0168 

— sulphate, uses, 467, 1721, 6168 

— while, 359, 1036; use, 5143, 5988 

— workers, employment conditions, 

2648 

Zircon, precious stone, 5852, 585:1, 5855 
Zither, scope, construction, and play- 
ing, '3782^3765 

— ring, description, 3783, 3704 
Zodiac, signs of, 6251 

Zones, frigid, temperate, torrid, 293 ; 
isotherms, 557 

Zoology, 1491-1494 ; books on, 1791 ; 
dictionary of, 32 ; see also Biology ; 
relation to botany and biology, 135 , 
Zoophytes, characters, 4083, 4087 
Zoma, in zoology, defined, 3806, 3808 
Zulus, craniology, 1786 
Zymotic diseases, in evolution theory, 
increase of immunity, 1029 
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THe Editor’s Last Pag^e 

S OMETHING of the sadness of parting creeps into this final page of the 
Self-Educator. The Educator is now complete. In saying this the 
thought comes that, after all, vve live in a human world. We may aim 
high and plan long, we may mean well and do well, and yet our path, as we 
look back upon ii, may be strewn with the wrecks of our desires and with 
shattered hopes. As we look back to the beginning from the end, we see that 
it could all have been better. We can all say that when the end of anything 
comes. There would be nothing worth having in experience if we could not. 

I am not going to proclaim the faults of the Self-Educator from the editor’s 
desk. They .are seen there, perhaps, as they can be seen from no other point 
of view. It is enough for an editor to say that he tried to be perfect and could 
not ; it is all that an editor can hope that his mistakes are not too many for 
human readers to forgive. 

It is pleasant that with all the regrets which retrospect brings there comes a 
grateful sense of satisfaction. I have not lived long, but I have come to know 
that nothing in the world is so grateful to a man as success. I did not mean to 
write ’‘success,” but let us be honest and nt)t be afraid of a word. Success is 
not everything, I w'ould rather have experienced some failures, with all their 
biitemess and tragedy, than have reaped some of the successes that flaunt 
themselves blatantly before the world. Hut we need not be ash.amed of success 
in well-doing, and there is too much false righteousness preached against those 
who urge young men to succeed. It is not the w ise man who wants to fail, and 
if our life is set in the right path, if our hands are clean .and our work is good, let 
us never for one moment feel that w^e ought to be ashamed to want success. 

And the Educator has succeeded. There w as room for such a book, and 
it must be better for us, better for our w ork, better for our lives, better for England, 
thatthere should be a vast thinking public with the Editcator on its bookshelves. 

It would take the whole of this number to say “ Th.ank you 1” to all to whom 
thanks are due. If, as this last page goes to the printers, 1 could remember all 
those w ith w hom it has been a pleasure to come into touch, there w'ould not be 
room, if I could find the words, to say all that I would say. 

Such a publication reaches into a thousand fields. There comes to mind a 
letter from a lonely boy on the Canadian prairie, w ho had read of the Sklf- 
Edi cator, and wondered how he could get it. There comes to mind, too, the 
Egyptian boy in Cairo whose two .sets of the Ed r cator have given us such 
trouble as can only be balanced, let us hope, by the pleasure they have given 
him. All over the world in the future travellers w ill come across this work. 

There must also be thanked a va.st number of correspondents w ho have been 
unwearying in their desire for the success of this work, the thousands of readers 
w'ho have made its success possible, the schoolmasters who have commended it 
to their sclu^ols, those who have asked for an extra volume or suggested extension 
in other ways that were not possible without the approval of all readers. It is 
right, also, that it should be known how loyal and helpful tlie booksellers and 
newsagents have been. The contributors, the real makers of the Edi:cator, can 
never be better rew arded than by the striking public appreciation of their work ; 
but it is due to them to say that, with one or two exceptions, they have proved 
themselves highly capable, interesting, and the soul of courtesy and forlxiarance. 

One other note of thanks is due. Behind every great w'ork is an army of 
unknown workers. The editor’s name is blazed abroad, but a thousand names 
remain unknown of tho.se w'ithout whose aid an editor’s work would never be 
done. The production of the Educator has been exceptionally difficult .as a 
result of the effort to keep the w'ork ui>to-date inste.ad of allow ing it to be pro- 
duced, as most encyclopaedias are, so that it is out of dale on its completion. 
To authors, editors, artists, photographers, printers, newsagents, and a host of 
other workers the production has fur this reason been unusually trying, and 
especially has it been a strain upon the immediate editorial staff. To my friend 
and colleague, Mr. J. A. Hammerton, whose short introduction to l^nglish 
literature is one of the es.sential values of the Educator, and to all those other 
members of the staff w ho.se loyalty and hard work have helped to make a burden 
light, the indebtedness of the Sklf-Educatok should be acknow ledged. 

To them, and to all whom it may concern, I give now that deep and grateful 
feeling of which our language has but one expression — Thank you ! 

Arthur Mee 


The next book in the Self-]^ducator series is the 
HARMSWORTH HISTORY OF THE WORLD 
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Ahhmu 1., th« Orettt 

b. U57. d. ym. 

A man who^ in spite of man^ crimes, was one 
of the greatest of Persia’s sovereigns. Successfully 
rebelling against bis father, he put to death one 
or more of his brothers, and ascended the throne 
in 1587. Suppressing lawless soldiery and a feudal 
nobility which menaced the throne, he embarked 
upon a brilliant career of conquest, and was 
assisted by a British fleet to wrest Omuz from the 
Portuguese. At his death the Persian Empire had 
been extended from the Tigris to the Indus. 
Terrible cruelties were practised at his behest, but 
his system of government was enlightened and 
praiseworthy. 

Abel, Sir FrsNlericli August 

h. Loudotk. J nly 17. 1826. d. London, Septomber 6, 1967. 


fabulist beyond that he was born a slave in 
Phrjrgia, and sold eventually to Jadmon the 
Samian, by whom he was freed. He visited the 
Court of Croesus, by whom he was sent on various 
missions, which enabled him to travel in Greece 
•and Asia Minor, inculcating morals by his fables. 
He is said to have met his death through being 
thrown over a precipice by the priests of l^lphi. 

Agaaais, Jean Louie Rodolphe 

b. Motien, Swllmrlatid, May '28. 1807. d. Cambridge, BnglMid.Dec. 14, 1878. 

An indefatigable naturalist, whose writings, 
when he was twenty-six, won the praise of Cuvier. 
His work on the glacial phenomena of the Alps, 
on fossil Ashes in Europe and the American Conti- 
nent, his lectures at various seats of learning, and 
his gifts of priceless collections, did much to 
advance the science to which he devoted his life. 


iVar Office and chemical referee to the 
_ _ . lent. He divested the preparation of gun- 
cotton of danger, and paved the way for smokeless 
owder, of which cordite — invented by himself and 
ir J. Dewar — was adopted by the Government. 
His petroleum investigations determined the 
standard for flash-point; while in electricity and 
steel manufacture he won a special standing. He 
was President of the British Association in 1890. 
Addiaon, Joseph • 

b. Iftauin. WHU. May 1. ISTi. d. Kanriugton. Juna 17. 1719. 

“ Whoever wishes to attain an English style, 
familiar but not coarse, and elegant but not osten- 
tatious, must mve his days and nights to the 
volumes of Addison.” Dr. Johnson's estimate of 
our foremost light essayist still holds good. Ob- 
taining through his patron, the Earl of Halifax, a 

g snsion of £500, he spent four years on the 
ontinent, after which his poem, ” The Cam- 
paign,” celebrating the victory of Blenheim, 
secured him an Excise Commissionership. While 
secretary to the Lord-Lieutenant of Ireland he 
formed a close friendship with Swift. The 
“Tatler,” started by his friend Steele, had 
Addison among its regular contributors; as had 
the ” Spectator,” founded two years later. A 
quarrel with Pope led to his being satirised by the 
latter as Atticus. Appointed a Commissioner for 
Trade and the Colonies, he was embroiled in dis- 
agreement with Steele. Three years before his 
death he married Charlotte Countess of Warwick. 
His fame rests not upon his poetic or dramatic 
writings, but upon the essays which caused him, 
while recognised as a contributor to the gaiety 
of the nation, to be hailed as ” Guilt’s chief 
foe.” 

Adrian IV. See Breakspear, Nicholas 

b. Et(iu»U, Athnui, 896 B.a d. Oela. Sicily. 4fi6 n.c. 

The father of Greek drama was born of noble 
family, and before giving his mind wholly to 
poetry, shared with his brothers the perils of . war 
against the Persians. His successful first appear- 
ance in the dramatic contest was in 484, when he 
won the prize with the trilogy of which the 
“Persians” formed part. Afterwards he enjoyed 
a series of thirteen victories, interrupted by the 
advent of Sophocles. This defeat, coupled with 
indignation at the doubts oast upon his piety, 
caused him to retire to Sicily, where, after other 
poetic triumphs, he died. Only seven of the sixty 
plays ascribed to him are extant, but these place 
him on a pinnacle of unapproachable height. 
Mmom 

h. rtenla Xtuor, aw ao. d. SSI^ac. 

For neither date can thens be any pretence at 
accuracy. Very little is known of the immortal 


0. ir«u. 

After Persia had been for many years torn by 
civil war, he acquired the sovereignty in 1794, and 
founded the existing dynasty. He promoted odm- 
meroo and reforms, but was one of the cruellest 
monsters that ever wore a crown. Mutilated him- 
self . early in life, he treated his enemies with 
frightful barbarity. Once, after ordering a 
general massacre of women and children, he had 
70,000 eyes of his subjects put out. He was 
assassinated in 1797. 

Agricola, Cnmua Jullua 

b. FiSjua, Pnoice, 87 a . v . d. AYtgUHt ‘28, 98 am . 

He thoroughly conquered Britain and a great 
part of Sootl^a; he gave tihe land wise laws, and 
induced the Britons to embrace Roman manners, 
and to have their children taught the Latin tongue. 
Also, he enriched the land with many noble build- 
ings. He was the Arst to discover that Britain 
is an island. Rocalled and humiliated by the 
ioaiouB Domitian, he died at the age of Afty-Ave. 
Tacitus was his son-in-law. 

Ahmed Shah 

b. 1794, d, 1778. 

The Arst sovereign of Afghanistan was in his 
youth in the service of Nadir Shah. Upon the 
assassination of the latter he retired to Kandahar, 
and persuaded the native tribes to assert their 
independenoo and make him king. He proved a 
talented military leader. The Kon-i-Nur was one 
of his many rich possessions. 

Aird, Sir John, Bart., M.P. 

b. I.oiidou, Deoember 8, ISS). 

The son of a working man, Sir John Aird has 
raised himself by 'indiistrv, integrity, and genius 
to the rank of one of the foremost contracting 
engineers in the world. His greatest work is the 
Assouan dam, the reservoir in connection with 
which holds 80,000,000,000 gallons of water. 

Alarlc I. 

b. 876. d. Coiieiiw. Cvlabria, Italy, 410. 

Chief, afterwards King, of .the Visigoths, Alaric, 
though the leader of barbarians, was himself an 
Arian Christian. Although the great general 
Stilicho defeated him, he proved the foremost 
military commander of his age. He pillaged 
Athens; thrice besieged, and once, for six days, 
sacked Rome; deposed its Emperor, and set up 
another. Many barbarities were practised by^his 
troops, in spite of bis humane intentions; but he 
caused women to be spared, and religious buildings 
to be preserved. At nis death the river Busento 
was diverted from its course that he, with all his 
treasure, might be buried in its bed. The work 
completed, ^oso who had carried it out were 
put to death, that the secret might be maintained 
inviolate; 
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AldbiadM 

b. Atbflu*. 490 B.C. 4 . Pbrygia. Aalft Mtiunr. 404 b.o. 

This famous generibl and statesman oame early 
under the influence of Socrates, who saved his life 
in battle, to be himself rescued by Alcibiades at 
the battle of Delium. Brave and talented, 
Alcibiades lacked mental ballast. Mutilation of 
votive statuary in Athens caused him to flee into 
Laoedsemon, and thence to Persia, to be replied 
in triumph to Athens. His military expeditions 
culminating finally in disaster, he passed into 
Phrygia,, where, bv Spartan orders, he was assassi> 
nated — his house being Bred, and himself struck 
dead by darts as he emerged. 

Alexander the Great 

b. PellB, MMtedoitiA. .‘ffiS b.c. d. Babylon, m b.«. 

The son of Philip of Maocdon, Alexander, edu> 
Dated by Aristotle, was regent of his father’s 
kingdom at sixteen, at eighteen won his first 
battle, and two years later became king. Having 
subdued the Greeks and consolidated his power in 
Europe, he, in 334 B.C., with 30,000 foot and 5,000 
horse, crossed into Asia, never to return. Defeating 
the Persians, he took Tyre, conquered Syria and 
Egypt, and founded Alexandria ; defeated Darius, 
conquered Parthia, Media, and Bactria, invaded 
India, and over-ran Asia; then returned to 
Babylon, where he died from the effects of exces- 
sive drinking. Many appalling crimes tarnish his 
fame, but his influence for good was felt for cen- 
turies; for ho caused to be diffused far and wide 
Greek art, science and philosophy, and. gave an 
impetus to learning where barbarism in its worst 
forms had reigned. He left no successor, and at 
his death his vast empire was divided among his 
generals. 

Alexander II. of Russia 

b. April ‘J9. tmS. d. St. Peteraburg, Mftrvb IS. im. 

The son of Nicholas I., who upon his death- 
bed exhorted him to free the serfs, Alexander 
nobly carried out that mandate, and six years 
after his accession, emancipated 23,000,000 of his 
subjects. Russian territory was widely extended 
during his reign, which ended in a great tragedy. 
The Nihilists, who had thrice attempted his life, 
assassinated him on the very day upon which he 
was to have signed a Ck>nstiiution for Russia. His 
eldest daughter married Queen Victoria’s second 
son, the Duke of Edinburgh. 

Alfleri, Vittorio 

b. AiU, Italy, Janoary 17, 174». d. Flureitc^. October H. 1S08. 

The son of a noble house of Piedmont, Count 
Alfieri led for some years a life of indolence and 
luxury, but in middle age made himself master 
of Latin imd Greek. Ho wrote many tragedies 
and comedies, some of which still keep the stage. 
Their effect was to popularise a purer Italian 
literature. 

Alfonso X., the Wise 

b. yJSM. d. 1284. 

Succeeding his father as King of Leon and 
Castile, he won victories over the Moors, and 
united Murcia to Castile. With him Castilian 
literature had its birth. Ho caused tlie first 
general history of Spain to be written, and the 
Old Testament to be for the first time translated 
into Castilian. His life was embittered by the 
rebellion of his sons, of whom Sanoho eventually 
deposed him. 

Alfred the Great 

b. WaiiUg«, Barkablre, 840. d, October 27, 901. 

The wisest, best, and neatest King that ever 
reigned in EngUnd was the fifth and youngest son 
of Ethelwulf. His reign was one long' struggle 
with the Danes, who, upon his accession, in 87l, 
were masters of practically the whole of England 
north of the Thames. He waged war with varving 
fortune until finally he made himself Kin^ of all 
England. Such is the veneration in which his 
memory is held that it has been customary to 
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ascribe to Alfred every privilege which English- 
men enjoy. What he did was to codify the best 
laws enacted by his predecessors, to found a Navy, 
encourage^ learning and industry, and, for the first 
time, to consolidate England . into a united 
monarchy. His will, a notable document, is pre- 
served, but it is not known where, or from what 
cause, he died. 

Alleyn, Cklward 

b. London, Bopteniber 1, 1866. d. London, NoTember 1620. 

An actor famous as a contemporarv and neigh- 
bour in London of Shakespeare, in whose plays he 
frequently performed. Successful, theatrical specu- 
lation, reinforced by money gained by marriage, 
enabled him to buy for £10,000 (worth now five 
times that sum) the 1,300 acres with which he 
endow€»d his College of God’s Gift at Dulwich. 
The value of the property, which is constantly 
increasing, is now upwards of two millions 
sterling. 

Amadeus VIII. 

b. ChMobery, Fmnoe, 1688. d. Oen«Ta, 1451 

He caused Savoy to be erected into a duchy, 
then ruled Piedmont, but relinquished temporal 
cares for a hermitage, whence he emerged to be 
Pope, as Felix V. He filled the Papal chair’ for 
ten years, resigning in favour of Nicholas V. 

Anaxagoras 

b. eUxomettn, Asia Mhiot, 600 b.c. d. latuipaai'tit, Asia UUiqr, 42S B.o 

The philosopher who paved the way for the 
atomic theory, had the courage to trace eclipses to 
natural laws, to divest the sun of its halo of deity, 
and correctly to analyse the origin of meteoric 
stones. His views conflicting with the super- 
stitions of the age, ho was driven forth to die in 
exile. 

Andaraan, Hana Chriatlan 

b. OdtMise. Doniuark, April 2, 1895. d. Copenhajoii, Avigust 4, IS75- 

The divinity of the nurseries throughout the 
civilised world was the son of a poor shoemaker, 
and early in life had to work in a factory. The 
beauty of his voice induced him to attempt the 
stage, but for this he was declared too uncultured, 
and it was not until his early poems had attracted 
attention that ho was enabled by sympathetic ad- 
mirers to equip him^lf at a good school. His 
fairy stories are by this time classics. 

Anderson, Alexander 

b. Xirkivuiiel, Svotlaad, April :Mt, 1845. 

Bred to the work of the colliery, Mr. Anderson 
managed, while working on the pit-brow, to master 
French, Italian, and German, and to read the 
jfreat poets in their own languages. Now the pit 
knows him no more; he has been appointed chief 
librarian of Edinburgh University. Of his many 
charniing poems there is one — “ Uuddle Doon 
of which Sir George Douglas says, “Scotland has 
made this as much her own as she has made 
Burns’s songs.” The poem is, indeed, a gem of 
music, humour, and tenderness. 

Angelico, Fra 

b. V«cWo, lUly, 1387, d, Boiue, March, 1456. 

Fra Angelico is the name by which is best known 
Giovanni or Guidolino da Pietro, the great painter 
of religious subjects. He is specially famed for 
the spirituality and mystical charm of his saints 
and angels. Best examples of his work are at the 
Vatican, the Louvre, in the Uffizi, and at Orvieto. 

Angelo, Michael. See MIchaelangelo 

Antony, Mark 

b. 83 B.C. d. AlMwidrlB. Avguiit, SO B.o. 

Related to Caesar, and one of his closest ad- 
herents. Marcus Antonius induced the latter to 
make his (Antony's) expulsion from Rome t^ 
pretext for civil war, and himself led the left wing 
of Caesar's army. At the death of Caesar be played 
the role in which Shakespeare immortalised him. 
Forming, with Octavian and Lopidus, the second 
Triumvirate, he defeated Brutus and Cassius; 



then tummoticd Cleopatra, Oneen of Kgypt, to 
Jaim to Hottle an oatstan^linff difc^pute. Capti- 
yafcod hy heir bean^v and address, he followed tier 
into E^pt. Called again to Rome^ he was eventu> 
ally defeated at Aotium by Ootavian, and fled to 
Egypt, where, deserted and alone, and deceived bv, 
a report of Cleopatra's death, he destroyed himself. 

Apeilea 

h. Colophon, Xlnw, SM b.o. d. Coa. Asia Sllnor, 304 8 . 0 . 

Alexander the Great permitted only one man to 
make his statue, and only one man to paint his 
portrait. The painter was Apelles, the , greatest 
artist of antiquity. He was most famed for his 
portraits, but his subject pictures were brilliant. 
He fell in love with Catnpaspe, a mistress of 
Alexander,, who, it is told, surrendered her to the 
Pfdnter. From Campasix) Apelles drew his finest 

icture, Venus rising from the Sea." Apelles 

ad a varnish, the secret of which has been lost, 
whereby he added mellowness and beauty of tone 
to his work. He followed Alexander into Asia as 
far as Ephesus. 

Aquila, Pontloua 

b. Sinope, AiU Minor, 100 a.d. 

Dates cannol; with oertainty be stated, but Aquila 
flourished about 130 a.d. Ho was skilled as a 
mathematician and architect, and was employed 
by his kinsman, the Emperor Hadrian, to assist in 
rebuilding Jerusalem. Ho gave the Greeks their 
first translation of the Old Testament, and was 
himself successively pagan, Christian, Jew. 

Aquinas, Thomas 

b. CnlabrlA, lUiy. 12iM. d. Terradna, Italy. 1274 . 

Descended from the Counts of Aquino, Aquinus 
was born at his father’s castle, Rocca-Sccca, in 
which, upon his determining to enter the 
Dominican order against the parental wishes, he 
was imprisoned for two years. Escaping, he made 
his way to Albert Magnus, under whom he 
studied, until, long called " the dumb ox," he 
verified the saying of his master that " the voice 
of the ox shall one day fill the world." As a 
teacher he at once won fame. Having little 
Greek^ and less Hebrew, he yet wnimanded the 
attention of the civilised world with his writings 
and with expositions of the Scriptures. Called 
now ** the Angel of the Schools " and " the Eagle 
of Divines," he refused all Church preferments, 
remaining to the end simply the great theological 
scholar. At his death posthumous honours were 
heaped upon him. His "Summa Theologise" 
remains to-day substantially the standard authority 
of the Roman Catholic Church. 

Arohelaua 

b. AUieiu, B.C., 4 SS (f). 

The Ionic philosopher, scholar of Anaxagoras, 
who first demonstrated that the earth is round. 
This truth he deduced from observing that the 
sun rose and set at different times upon different 
parts of the earth. His fame was at its height in 
teo B.O. 

ArohimedM 

b. BynuraM, Blolly, BS 7 B.a d. Byrae\uie, 212 B.r. 

The "greatest mathematician and most inven- 
tive genius of antiquity " ; first to establish the 
idea of specific gravity ; perhaps, too, of the lever, 
in relation to which he uttered the well-known 
phrase, " Had I but a fulcrum whereon to rest, I 
could move the earth." The endless screw, the 
spiral pump for water, and innumerable engines 
of war which he was persuaded by his king to 
provide to withstand the assaults of the Romans — 
these, with i^reat cranes, "burning mirrors," 
various hydraulic and^ compressed-air machines, 
were among his inventions. He preferred theory 
to practice, and despised his inventions. When 
the Romans at last broke through the defences of 
Sjrracuse, they found Archimedes bending over his 
diagrams drawn in the sand, and there killed 
him. 
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Artoeto, LrvdoTlco 

b. Ui^gio, lUly, SeiitciiibBT S. 1474. d. Ftnmm, ItBly. Jime a ISIS 

Educated as lawyer, soldier, scholar, Ariosto had 
with distinction disenarged military duties, sub- 
jected a rebellious province, ruled as governor for 
three years, and conducted, diplomatic missiona 
before he devoted himself to writing. His works, 
which have long become classics, consist of satires, 
comedies, sonnets, songs, and lesser poema But 
his great achievement ‘'is the grand, heroic poem, 
" Orlando Furioso," the completion of which occu- 
pied him sixteen years. It takes up Boiardb's 
unfinished " Orlando Innamorato," and with art 
which seems artless improvisation thrills and en- 
chants by almost every page. 

Ariatisrchus 

b. auaoa, Aula Minor. 280 B.a ' d, Bamoa, 284 B.o. 

A Greek astronomer, who, by demonstrating 
that the earth moves round the sun, anticipated 
the discovery of Copernicus. He measureu the 
distances of the sun and moon from the earth; 
but, while he was geometrically correct, his lack 
of adequate instruments rendered his results in- 
accurate. 

Ariatidea, The Juat 

b. Atbena (t). d. Athona, 46B 8 . 0 . 

The man whom Athens surnamed The Just was 
one of the ton generals at the Battle of Marathon, 
and, by inducing the others to surrender Bupreme 
control to Miltiades, enabled that general to win 
the day. Great in battle, and of noblo character, 
he made Athens the ruling state in a maritime 
confederacy, and enabled every citizen, no matter 
what his rank or riches, to be eligible for the 
archonship. He died in honest poverty, and was 
buried by the state, which awarded his descend- 
ants pensions. 

Arlatophanea 

b. Athens, 44i B.u. d. 380 B.o. 

The greatest of Greek comic poets. The licence 
of the Athenian, stage enabled him to expose 
abuses and evils inimical to the commonweal. 
Eleven plays — only a fifth of the number he wrote 
—are extant. Some are gross and coarse, reflect- 
ing not so much the mind of the man as his age. 
His work is characterised by infinite wit and 
fancy, and here and there power and. beauty. 
"The Acharnians," "The Knights," "The 
Clouds," "The Wasps" — these, the four best 
known, alone suffice to eecuro his standing with 
the immortals. 

Aristotla 

b. Btagelm, MaoedoulB, 384 B.a d. Chalolii, Oreec«, 332 B.a 

One of the greatest philosophers of antiquity, 
Aristotle became, at the age of seventeen, the 
pupil of Plato, and for three years had for his 
own pupil Alexander the Groat, who quitted the 
side of his master to go forth upon his career of 
conquest. Aristotle then opened his famous school 
in Athens, which he called the Lyceum, from its 
proximity to the temple of Apollo Lyceius. Here 
he treated of every subject which came within the 
range of ancient thought, and was rightly viewed, 
even down to Dante’s day, as " the master of those 
that know." His influence and teachings re- 
mained the barrier betwtjon later eras and 
barbarism. His piety being impugned, remember- 
ing the fate of Socrates, ho fled to Chalcis, in 
Euboea, where he died, saying, as he left Athens, 
"1 do not wish to see tne Athenians sin twice 
against philosophy." 

Arkwright, Sir Richard 
b. Prwton, Ijacb, Dbc. 23, 1733. d. Cromford, DcrbyiihlrB, Aug, 3. 1793. 

•the youngest of thirteen children, Arkwright 
began life aa a dealer in human hair, which he 
dyed and sold for wigs. His education was so 
meagre that not until ne was fifty had he time to 
master grammar and orthog^raphy. His inven- 
tion of the spinning-machine revolutionised the 
cotton industry. The machine was made wheQ & 
was BO poor as to be in rags. He was tMrty-ahi 
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when be set UP hit first znaohine in Nottingham, 
and bad a hard battle to fights A mob destroyed 
his factory at C^orley; masters and men were 
hostile to the new invention; protracted litigation 
greatly vexed him'. In the end his triumph was 
^pronounced. He originated factory labour ; he 
created an industry representing untold wealth to 
his country. Not over-scrupulous in his, dealings 
with other inventors, he was still a good master, 
and himself set an example of industry by working 
sixteen hours a day. 

Armatrong. Lord 

b. NewaMU«^m.T 3 m«. Nov. 98. 1810. d. Kothl>ttXT. K’bexiMWl. Dee. 97, IBQO. 

The solicitor who revolutionised warfare was 
practising law while concerned with his first in- 
ventions. A oollierj accident led to his investi- 
gating the Mneration of electricity from steain, 
and from this he worked on to the hydraulic 
crane, and all the hydraulic machinery for which 
his great works first b^ame famous. At forty- 
nine he made his first big gun. and from that 
moment the history of heavy ordnance was 
changed. At first ail his productions were for the 
British Government, but afterwards his business 
was extended to the Continent, and for field 
service and battleships his guns won world -wide 
reputation. 

Ankold, Matthew 

b. liUeluiD. UiddlOMx. D«c«mb«r 94, 1S9S. d. Liverpool. April lA, 1888. 

Poet, critic, educationist, author of the daintiest 
prose which conveyed hard-hitting truths, and of 
poetry which is pure music, Arnold has left a 
mark uppn English literature and pubKc life which 
will not soon be obliterated 

Arnold, Thosnna 

b. Xact CowM, Ifle ot Wlflrht, June 13, 17IM. d. Kufby, June IS, 184X 

Father of the foregoing. Dr. Arnold, though a 
scholarly writer with a record of noble works, is 
best remembered for having revolutionised public 
school education in England during the fourteen 
years he was headmaster of Rugby. 

Arrol, Sir William, Kt. 

b. Koueton, Beiifrewahlre, 1838. 

The son of poor parents. Sir William Arrol 
began life as a cotton-pieoer, was apprenticed at 
fourteen to a blacksmith, and with a capital of 
£85 began busings on his own account. His 
energy and initiative broke down all obstacles to 
suooess, and at thirty he was building the new Tay 
Bridge, at a cost of three-quarters of a million. 
The Forth Bridge, and later the Tower Bridge, 
followed, and innumerable other great schemes. 
For these enterprises he had to invent practically 
all his own tools, *and by so doing created a new, 
and remunerative industry. 

Aahmole, Elias 

b. LicbS«Id. SUffbrdflbire, V«j, 161T. d. London, Mtsy 18. 1809. 

A man who, though he hung spiders about his 
neck for ague, and dabbled in alchemy, will, as 
his epitaph says, be remembered as long as his 
museum endures. This he got for the most part 
from his friend John Tradescant. He gave all, 
with the residue of the library jwhich he had been 


Attlla 

b.dOSA.]>. 

“The Scourge of God,” descended from 
ancient Huns who dwelt on the confines of Chins. 
Putting his brother Bleda to death, he beowe 
^master of the then vai^ kingdom* of Germany 
and Scythia, his dominions extending from the 
Rhine to the frontiers of China. He ^ invaded 
Rome, and compelled Theodosius to pay tribute. 
This Maroian. the latter’s suooessor, rmused to 
continue^ and in a mat battle Attila was defeated. 
He again invaded Italv, and fugitives, flying 
before him, founded what was to become the 
famous Venetian Republic. Attila,^ whose boast 
was that “grass never grows again v^hcre my 
horse has once trodden,” left an empire which his 
sons, by civil wars, rapidly destroyed. 

Augustine, St. 

b. TagMie. N. Alrli«. Nov. 12, 3M a.p. d. Hippo, N. Afrlc*, Aug. 98. 480 A.l». 

The father of Augustine was a Pagan until late 
in life, and Augustine himself lived a life of 
licentiousness upon first going to Carthage. 
Cicero and Plato called him to nobler aims, and 
it was from the study of philosophy that he turned 
to Christianity, being baptised when thirty-four. 
His immortal autobiographical “Confessions” 
were written when he was forty-four. To heresy 
he proved a redoubtable foe, and for centuries 
after his writings ruled the Christian Church. 
He died while the Vandas were besieging Hippo, 
of which he was at the time bishop. 

Auguatua, Cmmmr 

b. 6S B.C. <L Nola, lUlj, 14 A.P. 

The man who found Rome built of brick, and 
left it built of marble, was the grand-nephew of 
Julius CsBsar, to whose will, after a struggle with, 
Mark Antony, he gave effect. He patted the 
Roman world with Antony and Lepidus, who took 
— ^the former Gaul, the latter Spain; while 
Augustus himself had Africa, Sardinia, and 
Sicily. By his victory at Actium over the forces 
of Cleopatra, after which she and Antony com- 
mitted suicide, he became the enlightened and 
noble master of the Roman world. His name, 
really Caius Julius Ciesar Octavianus, was changed 
to Augrustus, meaning sacred or venerable, and it 
exists to-day in the name of our month of August, 
which formerly was Sextilis, then the sixth month 
of the Roman year. ^ 

Avaten, Jane 

K Btovantoo, Bampdilrt, Dw. IS. 1778. d. WinehMUr, Julj IS, 1S17. 

The heroine of an enthusiastic * eulogy by 
Macaulay was a daughter of the rcKitory, studied 
French Italian, and was conversant with 
Richardson, Johnson, Crabbe, Cowper, and, at a 
later period, with Scott. She introduced the novel 
of domestic life. Four of her best-known novels 
were published anonymously during her life; the 
others were not given to the world until the year 
following her death. “Sense and Sensibility” 
and “Pride and Prejudice” were written before 
she was twenty-two. 


scripts. 


still famous for*^ its manu- 


Atluifiaalus, St* 

gp d. AlwumdrU, 878 A.P. 

of the Greek Fathers, of whom 


sei>arated from the Catholic doctrine of the 
Trinity, to whose defence he consecrated every 
moment and eveiy faculty of hii being.” He . was 
the great champion of the Church against Pagan- - 
ism and Arian heresy, and sptot twenty years of 
his life in exile — six in the desert, a hunted 
fugitive. Athanasius, who introduced Uionasticism 
into Western Europe, is not the author of the 
Athanasian Creed, of which nothing was heard 
until long after his time. 
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enurexy Beii-iaugni. ne never naa insirucniOD in 
instrumentation, nor in the theory of music, He 
created his own style. “ Every room in whion 
Bach is sung is transformed into a ohuroh,” said 
Mendelssohn. Blindness fell upon him in hie 
latter days, and the operation attempted for his 
relief brought about his death. 

Baooiif Frmncito 

London, Jttiuuy SB. 1181. d Latkbm, Aprtlt, MSB, 

“The wisest, brightest, meanest of mankind,” 
as Pope' termed him, died Lord Verulam and 
Visoo^t Bt. Albans. He never was XA»rd Baodn, 
the name by which he is commonly called. His 
oarw as a public man was marred by aeryi^. 
and treaobery. He fawned upon the powerful, to , 



into, without kueroy i;(poii thom^npiablyt in the 
ouso of the Sari of Sxeter>~whenhitend«had been 
•er^. Saoeetfiyely filling all the offices ‘of State 
lefMung to the Lord Chanoellorship, ho fell from 
tm latter offioo^ oonvioied of the groseest oorrup- 
tion, was sentenced to imprisonment in the Tower, 
fined £40,000, and banished the Court and Parlia- 
ment. The sentence was remitted, but he con- 
tinued in retirement. His literary labours entitle 
him to be styled the “ father of English learning.’* 
While he^ was i^orant of discoveries of his con- 
temporaries, and cherished many superstitionsf he 
gave an impetus to English learning such as no 
other man had done. 

Baeon, Roger 

h. Ilohmirf-, SomnrMt, ISli. d. Oxford. 12B4. 

The “wonderful doctor,** as he was called, 
became a monk of the Franciscan order, which 
preven^d his publishing his , writings. He 
dabbled in alchemy, but made notable discoveries, 
gunpowder and the magnifying-glass among them. 
He is famous as being the pioneer of modern 
scientific inquiry. Persecuted and hindered to an 
unparalleled degree, he yet contrived to leave a 
sinking record of work accomplished. 

Bauer, Sir Samuel ^ 

b, Xiondon, Jraio 8, 1S2I. <1. Newton Abbot. Devon, December 80, 1888. 

A daring traveller, who, with bis wife, cBsayed 
the exploration of the Nile sourci^s, and, in com- 
pany with Speke and Grant, discovered the great 
lake to which he gave tlie name Albert Nyanza. 
He helped to suppress slavery in Egypt, explored 
Cyprus, extended his travels east and west, and 
wrote one or two valuable books. 

Balfa, M iohaal William 

b. Dublin, May IS, ISOS. d. Bowlcy Abltpy, Herta, October 30. 1870. 

An Irish oomposei*, whose memory is dear to 
multitudes who have been charmed with his 
melodious operas and other comiiositioris. 

Baliol, John do 

b. Bwnuurd Durham. d. 1908. 

One of the wealthiest barons of his time, he 
founded Bailiol College, Oxford. His third son, 
John de Baliol (1249-1315), became King of Scot- 
land, but was taken prisoner by Edward. His 
son Edward recovered the crown after a bloody 
battle, in which the Regent Mar was slain, but 
died in 1367. With him the line of Baliol ended. 

Balaac, Honord do 

b. Tom. France, Uay 90, 170a d. Farii. Augvat 18, 1880. 

An indefatigable French author, who in twenty 
years wrote eighty-five novels, several of them 
maoterpieoes. Hio “Comddie Humaine,** in which 
every phaee of life and character was to be treated, 
proven too vast an undertaking, but in it is some 
of his finest work. 

Baring, Sir Francis 

b. lAricbaar, Deronahlre, 1740. d. Lae, Kent, 1810. 

The son of an immigrant German, who, along 
with his brother John, founded the financial house 
of Baring Bros. Lord Cromer and Lord North- 
brook descend from the same stock. 


were equally notable. He was for thirty years 
regarded throughout Europe as the mirror of 
chivalry, and his name still serves as a synonym 
for noble, unselfish, and heroic deeds. 

BaaSat, Thesnaa 

b. Londoif, IWa d. OuitarboiT. Iimmbar 38, 1170. 

Norman paredtage, Beoket showed extra- 
or^ary ability as a young man, and, securing 
the patronage, of the Archbishop of Canterbui^, 
wail employ^ to win the Papal recognition of the 
.PmtaMnet dynasty on the English throne. 
Fip«n 1165 Beoket was CKanoellor’^-ostentatioua, 


TH« WOBLM BliMT fiMW 

* 

unscrupulous, and wovld^. Then, in 1162, the 
Archbishoprie of Canterbury was forced upon him 
by Hen^ II. The ofiSoe wrought a miracle in bis 
life. The worldling gave place to ’’the stern 
ascetic and graat champion of the Church. He 
asserted her rights, and boldly denied the Royal 
prerogative, but was forced to fly to France, and 
remain in exile for six out of his eight years* 
primacy. The struggle ended in his assassination 
at the. altar of Canterbury Cathedral by knights 
acting upon the exclamation of the King : “ Of 
the cowards that eat my bread, will none rid me of 
this turbulent priest?** 

Bade, The Vanambla 

b. Moiikwearmouih, Diirham, 673. . d. Jutow, Dtirbam, 788. 

The father of English history was educated at a 
monastery between Monkwearmouth and Jarrow. 
There he sj>ent all his days diligently compiling 
his history, his scientific and theological treatises, 
and teaching and expounding with such distinction 
as to make Northumbria the literary centre of 
Western Europe. 

Baathovan, Ludwig Von 

b. Jiunu, Gennuix, Dtwnulwr 16, 1776. d. Yffuma, ICKrehSO, 1897. 

B^thoven, like Bach, was one of a musical 
family, and at fifteen was Court assistant-organist, 
having already appeared as a juvenile pianist. 
By the time he had attained his twenty-third year 
he was noted as the most brilliant extempore 
player of his day. He now went to Vienna to 
study, and there remained for the rest of his life. 
His compositions comprise all forms of music — 
vocal and instrumental - from the Sonata to the 
symphony, from the simple song to the opera and 
oratorio. Upon his works the modern school of 
instrumental music has been founded. 

Ball, Sir Charlea 

b. Rditibuivh. November. 1774. d. Wnrombr, Aitrll 98. 1849. 

Ho made the greatest dieCovery in physiology 
from the time of Harvey to his own day the 
didftinction between the eeneory and motor n'ervee. 
He held many high positions in hin profeesion, and 
took charge of the wounded after the battles of 
Corunna and Waterloo. 

Ball, Alexander Gr^am 

b. Bdbibtuvh. Mxroh S, 1847. 

Thq inventor of the telephone is the son of a 
famous father, Alexander Melville Bell, author of 
the system of “ Visible Speech.’* It was while 
teaching this system' that Bell the younger in- 
vented the telephone. He deposited his drawing 
and specifications the same day on which Mr. 
Elisha Gray filed particulars of his telephone. 
Edison’s dinered somewhat from bpth. Mr. 
has since then invented the photophone, whiob 
transmits sound by variations in a beam of light; 
the graphophone, and similar instruments. 

Ball, Henry 

b. Torphiohen, Linlithgow-, 1767. d. Heleiubnrsh. Dumbarton, Nor. 14, 3880. 

The father of European steam navigation was 
first a wheelwright, then a ship-modeller, and next 
worked jinder l^nni^ the famous engineer. He 


Belsoal, Oiovanni Bnttlatn 

b. PMlnx, ItxlT, 17TB. d. Beoln, W, AMok, Dwombtr 8, Ugg. 

First a monk, he was driven, by 'the invasion , of 
Rome by the French, to England,* where he earned 
a livelihood in the streets-as ^a “strong man.** 
Starting his career proper, he . explored Egypt, 
and invented a hydraulic machine for raising the 
waters of the Nile. He removed and sent to 
England the colossal statue of “ .Young Menmon,** 
and was the first to enter the second mat pyramid 
of Giseh. He aras the father of modem Ega^hm 
reasamh. * ' ^ 

• - ■ t: 
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h. Loiuloii. FelmiMT I*. 1748. ^ d. Xiondoii. Jun« a. 18*2. 

The 8on of an attorney, he devoted hia life to 
ethioa and juriaprudenoe* and, in the word* of 
Mill, found the philoaophy of law a ohaoa, and 
left it a Boienoe. He advocated universal suffrage, 
annual Parliaments, the ballot, and payment of 
members. To many of his ideals effect has already 
been given by Parliament. His' skeleton, dressed 
in the clothes he wore, is preserved at University 
College, ^ndon. . 

Eacquarel* Alaxandor Edmond 

h. PhH«. March 24. 1820. d. Faria, May 1.*. ISOl. 

The son of Antoine Caesar B^uerel, who was 
noted as a physicist, he made important investi- 
gations in relation to light, and di^vered the 
rays to which his name is given. 

Bortmann, Torhern Olof 

b. Sweden, 17:15. d. TJpaala. Sweden. 1784. 

Although a victim of poor health, he showed 
extraordinarv assiduity in problems in botany, 
geology, and mineralogy. Hia theory of elective 
or chemical affinities has had a great influence on 
the later developments of chemistry. 

Barlios, Hactor 

b. Tatoe, Pnmce, D«oeuLber 11, IStn. d. ParU, March 8, ISSU. 

A composer whose genius was often akin to mad- 
ness, he had for long to depend for a liyehood 
upon musical criticism instead of musical com- 
osition. In the end hts triumph was complete, 
is “Faust,” “Romeo and Juliet,” “Beatrice and 
Benedict.” “ Messe des Morts,” and “Te Deum” 
sufficing to make for him a reputation which time 
enhances. 

> Berthalot, Piarre Eug4na Marcallin 

b. Ffuria, (krtolwr 28, 1827. 

The father of synthetic chemistry, the chemistry 
which builds up new forms, fled from u priestly 
seminary to devote himself to science. Other 
scientists had analysed and broken up matter; he 
put together the fragments, invented explosives 
and chemical and commercial products innumer- 
able. To-day the school which has grown up in 
his train enumerates and defines fifty thousand 
distinct compounds. He has been MinisU^r Jor 
Education and for Foreign Affairs of France. 

Bartillon, Alphonaa 

b. VurU. 1658. 

A French police officer, who ro-e^uipped the 
detective forces of the world by inventing a means 
of identifying criminals by measurements. 

Baaaamar, Sir Hanry 

b. Charlton. Hetvfonbhire, January IS. ISIS. d. Loudon, March 15. 1888. 

Many inventions, some of which never yielded 
him any profit, stand to the credit of Bessemer, 
but his process for the Cheapening of steel is his 
chief claim to fame. Fie discovered that by 
forcing a blast of air through the molten metal he 
could , decarbonise it, and convert cast iron into 
steel. His discovery did not at first yield the 
desired results, and he was discredited. Years of 
disappointment followed, but he persevered until 
his invention was finally perfected, and, by pro- 
ducing steel from his own works at £20 a ton less 
than the trade generally, rehabilitated himself. 
He made a vast fortune, and revolutionised the 
steel industry of the entire world. 

Bichat* Marla Frhn^oia Xavlar 

b. Tboliwtto. Pnutc«, 1771. d. Pwrtu, Jnly 93, 1802, 

A happy accident brought his abilities to the 
notice of Desault, who forthwith adopted him as 
his son. Profiting by the knowledge thus early 
placed at his disposal, Bichat became the greatest 
anatomist and physiologist of his age. He was the 
first to reduce the complex structure of the ofgans 
to their elements, and to simplify the whole 
science. 

BlamarelU Priaea Otto Edoaard Laopotd 

b. SebteliMMn. Ouniuuiy, April 1. 1816. d. Frlwtrfelimili, J^ *8. ISBS. 

Destii^ to complete the work of Frederick the 
- Great, Bismarck was first- opposed to all popular 
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reform, and, though he was afterwards to mve 
universal suffrage, he voted against a constitu- 
tion for Prussia. Experience as Prussian repre: 
sentative at the Frankfort Diet, and as Ambassador 
to Russia and France, modified his views, and it 
was a more liberal Bismarck who was called to the 
assistance of the despairing King of Prussia. He 
employed Austria to help in wresting Schleswig- 
Holstein from Denmark, then turned on Austria 
and crushed her, making Prussia supreme in Ger- 
many. France had next to be faced, and a four 
years’ preparation culminated in Bismarck’s , fiilsi- 
fying a tel^ram to misrepresent a meeting 
between the King and French Ambassador. The 
Franoo-Prussian War followed. Here, again, 
German arms were triumphant; and while the 
Second Empire was being orusl^d, Bismarck con- 
federated the German States into the German 
Empire, with the King of Prussia as German 
Emperor. Loaded with honours and rewards, 
Bismarck retained office until 1890, when he was 
dismi8.sed by William TI. . ’ 

Black* Adam 

b. Edlubcirgh, Febnuury 90. 1784. d. Rdlnburfh, January 94, 1874. 

A worthy publisher, who originated the 
“ Encyclopaedia Britannioa,” and became pro- 
prietor of the “Edinburgh Review” and of the 
copyright of Scott’s novels. 

Black, Joseph 

b. Bordeaux, 'France. 1728. d. Edinburgh. November 98, 17W. 

The founder of modern ohemistrv was the son 
of a wine* merchant. He exploded the theorv that 
the causticity of lime and the alkalis is due to 
their absorption of the so-called phlogiston, and 
traced it to c' rbonic acid. His discovery as to 
latent heat was of still greater importanoe to 
subsequent investigators. 

Blake, Robert, Admiral 
b. Bridgwater, Hninenset. Atigu»t. 1588. d. Plyiuoutb, Anguii, 1657. 

Was a member of the Long Parliament, and in 
the (Jivii War gave the turning-point to the issue. 
At sea he completed the discomfiture of the 
Royalists; then, turning his attention to the Dutch 
fl«iet, whoHe admirals in those days were giants, 
gave us the supremacy of the seas.. 

Blucher, Gebhard Lebrecbt von 

b. Eostuck, Oemmny, 1742. d. KlrblnwIU, Gmmuay, Seixteinber 12, ISIX 

A soldier from boyhood, he considered himself 
neglected by Frederick the Great, and took to 
farming for fifteen prosfierous years. Recalled by 
Frederick William II., he fought in innumerable 
battles, Jena, where he was a subordinate, among 
them. At Leipzig he hod a great share in defeat- 
ing the French, and at Waterloo appeared just in 
time to complete the overthrow of Napoleon, by 
whom he had only a few hours previously been 
defeated in the terrible battle of Ligny. 

Boadloea 

d. 03 A.n. 

Queen of the Iceni, a British people living in 
Eastern England, Boadiooa was robbed, at the 
death of her husband, King Prasutagus, of all her 
)>ossession8, herself publicly whipped, and her 
daughters exposed to the brutalities of the Roman 
soldiers. She raised the Britons, -captured ^1- 
oheeter, London, and St. Albans, and put to 
death, according to Tacitus, 70,000 Romans. The 
island would have been lost to Rome had not 
Suetonius Paulinus 'hastened from Anglesea with 
10,000 disciplined soldiers. Boadioea^s force of 
over 200,000 ,wa8 powerless against the Roman 
legions, and siifferea a terrible defeat. Thereupon 
Boodicea poisoned herself. 

-Bcccacclo* OiCTMtinl 

b. Cwtaldo, lti4y. ISIS. <t C«rt«l<k>. I>M«nb«r U7B. 

The ” father of Italian prose ” was the natural 
son of a merchant, and intended suooessivelv for 
oonntieroe and canon law. The years which he 
devoted to these subjects were wasted, and much 
of his time hi later life was taken up with dipilo- 
matio missions. The rise of Italian prose began 



with his writings, and his influence is to be traced 
throughout the subsequent literature of Europe — 
in our own not least. Peots and novelists alike, 
from Shakespeare to Tennyson and George Eliot, 
have turned to him for inspiration. Lioentious- 
ness characterises some of his works, but others 
comprehend the loftiest ideals expressed in the 
noblest language. 

Bodley, Sir Thomas 

h. £xeter, Ifaruh ‘i, 1640. d. liOiidou, •laiimr.v 2S. ]6i». 

After having acted as Ambassador for several 
years, he devoted his talents and resources to re- 
establishing the library which Humphrey, Duke 
of Gloucester, had bequeathed to Oxford. This he 
so enriched with MSS. and books from all parts of 
Europe as to make it one of the finest in the world. 
It is called the Bodleian, in his honour. 

Boerhaave, liormann 

h. Vnorhout, Holland, 1SQ8. linydnii, Unlland. September 17:<S. 

The greatest physician and chemist of his time 
taught practically the whole of Euroi>e. Peter 
the Great sat at his feet, and letters came to him 
from China socking his advice. His works wore 
translated into every Euroi>ean language, and 
even into Arabic. 

Bolivar. Simon 

b. (fracas, Venexuola, .tnly ‘44, 178J1. d. San Pedro, (JoluinbiA, iJe*!. 17, ISSS. 

The liberator of South America from the yoke 
of Spain saw the close of the French Revolution, 
and carried the revolutionary spirit with him b^k 
to Venezuela. After a protracted struggle with 
the Spaniards, he Anally drove them out, and 
formed Colombia, Venezuela, New (Granada, and 
Ecuador into a great Republic. Over this he 
ruled, while he was dictator of Peru. Bolivia, 
which was formerly Upper Peru, still commemo- 
rates him. His great Republic proved more than 
he could control, and ho surrendered his office a 
few months before he died. He was the greatest 
patriot South America has known. 

poleon 

K Rut Doreham. Norfolk, July 5, imi d. Oultoti, HnlTolk, July 36, mi. 

Leading a wandering life as a child with his 
father, wno was a captain of Militia and moved 
with his regiment. Borrow, who acquired tongues 
and dialects with extraordinary facility, early 
mastered Irish, Danish, Welsh, French, German, 
Greek, and even Romany, the language of the 
gipsies, whose life and manners he has so fasci- 
natingly described. His subseauent wanderings 
are reiated in his delightful Lavengro,” and 
his experiences as a representative of the Bible 
Society in “The Bible in Spain.” At thirty-seven 
he married a wealthy widow, but was a rambler 
till late in life. Among his fourteen works are 
those which will last as long as the language. 

Boawell, James 

b. KdPibtltvh. October 18. 1740. <1. Loudon. Mny 19. 1796. 

The man who immortalised Samuel Johnson and 
himself at the same time was a Scottish lawyer, son 
of liord Auchinleck, a judge of the Court of 
Session. In his youth he travelled, and met 
Rousseau, Voltaire, and Paoli, the Corsican 
patriot. Coming to London, he met Johnson, which 
orown^ his happiness. His “Life of Johnson” 
appeared seven years after his hero’s death, and 
was an instant success. It was acclaimed the 
greatest biography in the language, and such it 
remains. Boswell gave way to intemperanoe in 
his later years, and died miserably. His “ Life ” 
was the one meritorious performance of his career, 
and that was meritorious indeed. 

Bottloalll, Sandit> 

b. Flurmice. lUly, 1447. d. Home. M*y, 17. 1610. 

A^xandetr Filipeppi was the name of this great 
Florentine artist, who; however, adopted the title 
of the I'oldsmith to whom his father apprenticed 
him. His trainini^ hero in goldwork and jewellery 
was valuable to him in his painting. He studied 
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under Fra Lippp Lippi, whose work he excelled. 
Botticelli’s paintings, both in classical and religious 
veins, are marked by inflnite delicacy, beauty, 
and care. Glorious examples are to be seen in the 
National Gallery. He was among the first en- 
gravers. Although he made largo sums of money, 
he died in poverty. 

Bougainville. LouU Antoine de 

b. Farts Noveuilwr 11, 17*49. d. Faria, Anguat 81, 1S14. 

A man who might havtj gained reputation 
as mathematician or philosopher, Bougainville’s 
fame rests upon his having the first son of 

France to circumnavigate the world. This ho 
accomplished, 1766-69, in a frigate, accompanied 
by a transport, and lost only seven men out of a 
crew of two hundred. In his closing days he was 
honoured by Napoleon. 

Bouguer. Plem 

1», Oroittic. Fnuitw, Kebrnary, 1(1, 1S9S. d. Paris, Augiiat 16. 1768. 

Mathematician, hydrographer, and geometrician, 
he devoted ten years of his life to measuring a 
degree of meridian near the Equator. He made 
important discoveries concerning the expansion 
and contraction of metals, the refraction and 
density of the atmosphere, tlie reciprocation of the 
pendulum, and the mode of measuring the force 
of light. To Bouguer we owe the foundation of 
photometry and the invention of heliometer. 

Boulton. Matthew 

b. Binninghain, Sfipieiidwr 14. 17*48.. d. Biruilngham, Auiput 17, 1869. 

He wiw the son of a Birmingham silver stamper 
and piercer, and improved the manufacture of art 
work in metal, pottery, ete. He cion verted a barrOn 
heath at Soho, Birmingham, into a great industrial 
establishment, and indutx.'d Watt 4,o join him. 
They produced the steam-engines for which they 
were famous. In addition, they enjoyed unique 
reputation for the manufacture of coins. Patient 
industry, as well as genius, conduced to their 
success. Their manufacture of steam-ongines was 
profitless for the first eighteen years of their 
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Bourgelat, Claude 

b. Lyons, Knuioe. 171*4. d. Lyons, 1799. 

The father of veterinary science was intended 
for the law, hut. disgusted at having gained a 
verdict in which his client was, to his knowledge, 
in the wrong, he joined a cavalry regiment, made 
a study of horses, and opened the first veterinary 
school in Europe. . 

Bourne, Hugh 

b. PordhayH, Btuffli, April 3, 1772. d. Bemenley, Stafn, October 11, 1882. 

Diemiosed from the Wesleyan body, of which he 
was a meml:^r, he established a little community, 
which has since grown to importance, under the 
name of Primitive Methodists. He worked for the 
greater part of his life as a carpenter, but carried 
his message throughout the United Kingdom and 
to the United States. 

Bovirring. Sir John 

b. Kxeter, October 17. 179*4- d. Bxeter, November *43, 187*4. 

We owe to Bowring much of our knowledge of 
the folklore of other nations. He was one of the 
greatest linguists the world has seen; was master 
of forty languages, and declared that he knew two 
hundred, and could speak one half that number. 
While he was supreme naval and military head at 
Hong Kongi his action in ordering fire to be 
opened on the Canton forts caused the “ Arrow ” 
war with China. 

Borle, Robert 

b. Li more Oavtle, 1 relniid, January 26, 1647. d. London, Peonabor 80, 1002. 

The true precursor of the modern chemist, one 
of the founaers of the Royal Society, and one of 
the greatest natural philosophers of his age, was 
the seventh son of the great Earl of Cork. He 
made oxperimfmts with ati air-pump, which he im- 
proved, and important discoveries hs to the pro- 
perties of air and the propagation of sound. A 

0 
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devout ChrUtiaziy he ceuaed the Bible to be trana* 
Uted into several foreign languages at his eicpense. 

Brmdl«y» Jamea 

b. Bhertioni*. ZtavMt» Maruh, IflBS d. duUord, Ulofl.. Julj 13, im^ 

Though he took Orders, and was pr^ented to 
two small sinecure living he did not g^ve up his 
studies, his whole life being devoted to science. 

. Six years after being appointed Savilian Professor 
of Astronomy, at Oxford, he made known his dis- 
covery of the aberration of light ; follo^ng this 
by ex[:daining the nutatioi 
whose inclination towards tl 
to show, is constant. 

Brahe, Tycho 

b, Knudvtorp. Bw«d«ti, Dec. 14, 1346, d. Pnmrue. Aiuirim Oct. 24. 1«01. 

Brahe studied astronomy when he should have 
b^n learning law, and made himself famous in a 
direction not desired by his parents. He did much 
to advance the science to which he was devoted, 
though his theory — a modification of the Ptolemaic, 
and rejection of the Copjernican— was, of course, 
erroneous. Kepler was his pupil, and owed much 
to him. 

Braidwood, Thomaa 

d. Kdlnburgb, 1716. d. Lemdon. October 24, 1806. 

Braidwood. was the first man in England to 
systematically teach the deaf and dumb. His 
school, opened in Edinburgh, was afterwards 
transferred to London, and its operations extended 
by his daughter-in-law, Isabella Braidwood, to 
Birmingham. 

Braille, Louis 

b. Onipvray, Fnuice. Jiuitury, 180B. d. Piuis, 1S52. 

Rendered blind by an accident when three years 
of age, Braille devoted his life to pierfecting the 
beautiful system by which the sightless are enabled 
to read and write in relief. 

Bramah, Joseph 

b. Steinborougli. Yorkshire, April 18, 1748. d. I^udcm. December S, 1814. 

Lame from an accident with which he mot when 
sixteen years of age, ho was compelled to quit 
work in the fields for cabinet-making, whence he 
passed to his true vocation — engineering. He in- 
vented many useful machines — among them the 
hydraulic pump, sanitary apparatus, printing 
machinery for banknotes, fire-engines, and a 
famous safety lock. His boilers for steam-engines 
enjoyed a high reputation, and ho was one of the 
first to suggest the screw propeller for steamships. 

Brumanto, d*\Jrblno (Laxarua) 

b. Urblno, Italy, July. 1444. d. Kouie, 1614. 

Bramanto relinquished painting to devote him- 
self wholly to architecture, in which he had 
Raphael m a student. He was commissioned by 
Pope Julius II. to undertake the first part of one 
of the greatest enterprises in history — the re- 
building of St. Peter^s, Rome. He died before his 
work could be completed. Subsequently his 
designs were departed from by other architects; 
but expert opinion holds that had his plan been 
followed, the effect would have been more grand 
and impressive. 

Braaaey, Thomaa 

b. Barton, Chwhire, Kuvmnbar 7. 1800. d. Hi. Leotiard*. DtoembarS, 1870. 

A man of scanty schooling, with no command of 
foreign languages, Brassey, who was the son of a 
small landowner, became head of the greatest 
industrial enterprises ever committed to t^ care 
of a single man. He built many railways, docks, 
and harbours in England; while, at the same 
time, his operations embraced the construction of 
railways in almost every country in Europe, India, 
Australia, Canada, and South America. He had 
an army of 76,000 workmen, whose wages repre- 
sented from £15,000 to £20,000 every Saturday. 
He amassed enormous wealth, and made the for- 
tunes of many of his subordinates. A man of 
simple, noble ^ nature, he was in all hhi business 
relations acrupulouslv honest and just. 

10 


BiwadupMr, Ntoholaa (Pop* A4Haii IV^) 

b. AbM'* Uosley. Bwts. U66. d. Afunul. Itsly, S*rt«ttlMr 1. lim. 

The only Englishman to fill the PaMl ohai/ was 
,the son of a poor clerk who turned monk, and 
left his son destitute. Nicholas used daily ^ to 
attend the monastery at St. Albans ; then, maJe^g 
his way to Frsmoe, was received in a menial 
capacity into the house of the canons of St. Rtifus, 
near Valenoo. Here ^ became prior and abbot ; 
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might civilise the Irish, and bring them into the 
Roman Church. His reign was one long struggle 
for the temporal supremacy of the Papacy over 
contemporary sovereigns. 

Brldgewaiert Frmncia Egerton, DuKo of 

b. Mxy 21, 1786. d. Loudon, Mardi 6. 1803. 

The ** father of inland navigation in England’’ 
was so dull of intellect as a boy that his exclusion 
from the dukedom was seriously proposed. He 
built the first canal in this country dependent 
wholly upon an artificial waterway. It ran from 
Worsley to Manchester, and was forty-two miles in 
length. The canal uniting Manchester and Liver- 
pool followed, and was so costly that at times ito 
projector was glad to borrow a £5 note from his 
tenants. He spent in all nearly a quarter of a 
million on his canals, but before his death benefited 
from them to the extent of £80,000 a year. 

Brindley, James 

b. Ohapel<«n-l*.Frith. Derbyahlre, 1716. d. Turubnrat. SUiO, Sept. SO, 17W. 

The unlettered son of a ne’er-do-well, built the 
Bridgewater and other canals, the first of their 
kind in England. He was a genius who worked 
for a f^inea a week. The schemes for the canals 
he fashioned in his head ; ho could never draw or 
write. Troubled by a problem, he would retire to 
bed and think it over, when all would come right. 

Broodwood, John 

b. CockirntTinpiith, Beotlatid. 1782. d. Lcnidou, 1812. 

Having walked from Scotland to London to seek 
to make his fortune as a cabinet-maker. Broad - 
wood took service with Burkhardt Tschudi, a 
Swiss harpsichord-maker. He married the 
daughter of the latter, and, becoming possessor 
of the business, won fame throughout Europe for 
his pianos. 

Bronte, Charlotte 

b. Tbomton, Yorks, April 21. 1816. d. Yorks, Manh a, 1886. 

Charlotte was the eldest of a familv of four, of 
whom her brother, Patrick Branwell Bronte, a 
profligate, with some touch of the family genius, 
died of consumption. Her father was an eccentric, 
selfish clergyman. Her sistors—Anne and Emily 
Jane — like herself, were delicate, but shared her 
talent. They published jointly a little book of 
poems, but had to seek livelihood as governesses. 
This failing, Emily wrote her famous “ Wuthering 
Heights,” and Charlotte, having had the “Pro- 
fessor” rejected, commenced at once “Jane Eyre,” 
which met with instant success. Anne ptoduoed 
“Agnes Grey.” Charlotte’s brother and two 
sisters died within a short time of each other, and 
she Was left to attend to her father, and continue 
her literary work, uncheered. She married, in 
1854, the Rev. A. B. Nicholls, who had been her 
tether’s curate, but died in the following year. 
The^ story -of the three sisters is one of the saddest 
in literature. Genius was never nurtured in more 
dispiriting, uncongenial conditions. 

Brown, John 

b. TorriTitioD. OonoMitout, May 9* IBOO. d. Cli»rta«fe(nrtt,VlrgttiiA,D4c.^l8W^ 

The famous agitator for the abolition of slavery 
in America was of pilgrim stock, and lived as 
tanner, land^surveyol*, and farmer until he devoted 
himself to anti-slavery propaganda. It was rough 
work, and bloody. Brown had five pro^slavery 
men shot, and, after organising an asylum in w 



mountains ol Virginia tor runawi^ slaves, attacked 
tke Harj^r's Ferry armoury in Virginia. He was 
taken, tried, and hanged, but his life was not given 
in vain. His rough efforts aided enormously in 
the crusade against slavery, while his death was 
an even more powerful factor in the scale. 

BrowsUng, Robert 

b. Londou, Iby 7 , ISIS, d. Venice. 0«!Mnber IS, 1889. 

Endowed with many gifts, with some talent for 
drawing, and a taste for musical composition, 
Browning could rhyme almost as soon as he could 
talk: He had written a little volume of poenis 
before .he was twelve, and finished his dramatic 
poem “ Pauline ” by the time he was nineteen. 
The best known of his shorter poems were written 
before he was .five*and*thirt,v. After his marriage 
to Elizabeth Barratt — herself the most imaginative 
poe'tess that has yet appeared in England, perhaps 
in Europci — bo settled in Florence, but returned, a 
widower, to London tg publish his mastorpieoo, 
“ The Ring and the Book.” He died in Venice, 
but is buried in Poets’ Corner, Westminster Abbey. 
Obscure and 'difficult as Browning often is, he 
stands high among the poets of all time. It has 
been well said that whereas Wordsworth would 
lead the soul through nature to rest, it is through 
the spiritual struggles of the soul itself that 
Browning reveals the divine touch that discloses 
the true end Of living and thinking. 

Bruce, James 

b. Klnuidrd, Stirlluzhlre, Ueoriuber 1-1. 1730. dL Kituulrd, April 37, 1794. 

Intended first for the Church, next for the law, 
Bruce was for a time a wine-merchant brdore the 
fascination of the East, inspired by his knowledge 
of Arabic, led to his taking the Consulate at 
Algiers. Becking the source of the Nile, he dis- 
covered that of the Blue Nile, a matter in which, 
however, he had been anticipated. His travels 
and adventures in Abyssinia and Egypt, extending 
over six years, were set forth, upon his return 
hcxne, in five volumes. So remarkable wore his 
stories that he was generally discredited, though 
subsequent travel has handsomelv vindicated him. 
In stature a . giant, and a man of fine courage and 
delightful nature, he has been described as the 
poet, and his work the epic, of African travel. 

Brunei, lammbnrd Kingdom 

b. Portsmouth. April 3&. 1806. d. Loudon, S«pt«uiber 15, 1856. 

The only son of Sir Marc Isambard Brunei, he 
inherited much of his father's genius, and heroic- 
ally assisted in the building of the Thames Tunnel, 
a labour of almost unparalleled difficulty and trial. 
In business for himself, he built many notable 
bridges, and laid the Great Western railway-track. 
His was the first steamship— the Great Western— 
regularly engaged in traffic between Great Britain 
and America. Afterwards he built the Groat 
Eastern, the leviathan of her time, which was 
useful in laying submarine cables. Like his 
father, he was a man of lovable character and an 
unselfish, unswerving riend. 

Brunei, Sir Marc laambard 

b. HsoiueviU*, Frauo^, April 34, 1769. d. London, December 12, 1849. 

One of the most versatile geniuses of any age, 
Brunei the elder spent seven years of his youth at 
sea, then was driven by ^tho French Revolution to 
America, where he took up civil engineering, and 
became the chief engineer of New York. Coming 
to England, when thirty years of age, to offer an 
invention to the Admiralty, he married an English 
lady, and made his home here. His invention was 
a machine for making ships’ blocks, which saved 
the Government £24,000 a year. Afterwards he 
executed important works at the arsenals and 
dockyards, built great sawmills, and invented 
machinery for boots, printing processes, writing 
and drawing-maohines, a knitting-machine, and a 
marine engine. In spite of nis ^ genius and 
industry, he was for months a prisoner for debt. 
His browning achievement was the building of 
^the *T|u^ei lor the purpose of which he 
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invented his famous shield. Nearly twenty, years 
elapsed before the work was completed, but he 
lived to see the triumphant end of nis labours. 

Bruno, St. 

b. Colugim, 1630. d. Ci»I»bria, lUly. October a 1201. 

As superintendent of all the schools of the 
Diocese of Rheims, he had ma^ distinguished 
pupils, among them the future Fope Urban 11. 
He is chiefly notable, however, as* the founder cl 
th? famous Carthusian Order, which he established 
upon withdrawing to the desert of Chartreuse. 

Bffunton, William 

t>. ]>.ilkfilth, Scotland, May l'6, 1777. d. Cainbume, Cornwall, Oct. 30, 1851 

The son of a watch and clookmaker, he worked 
first at Arkwright’s mills, then undet Boulton and 
Watt at Birmingham, where he became a foreman. 
When over sixty, he lost all his money through a 
disastrous speculation in business, but recouped 
himself. His inventions oompris^ many useful, 
and i^me fantastic, ones. Of the latter there was a 
walking-machine, called the steam-horse, which 
for a year carried loads up a steep gradient, but 
then exploded, killing thirteen people. His work 
in connection with steam navigation, however, was 
of primary importance. Some of the original 
engines used on the Humber and Mersey were of 
his design ; while the Sir Francis Drake, the first 
steamer which ever towed a war vessel, was fitted 
out by himself. 

Buddha 

b. KAplUviuitii, ludliL, 480 B,c. (L Ktuiu«sia», liidU, 400 a. 0 . 

Only approximate dates can be given. His real 
name was Siddhartha, and he was the son of 
Siddliartha Gautama, raja of the Sakya clan, 
whose home was near Oudh. When ninchMin he 
married his cousin, a princess, but renounced 
luxury and family joys to go for six years into 
the wilderness and study under learned Brahmans, 
practising severe penances the while. It dawned 
upon him one day that salvation was not. .to be 
sought in isolation, but in self-conouest and 
universal loving kindness. That instant ne became 
consciously Buddha, which means “enlightened.” 
He returned to his family, began his teaching 
at Benares, and travelled far and near, inculcating 
his doctrines. His converts were numerous, ana 
to-day his religion is the faith of 500,000,000 people, 
half as many again as the whole of professing 
Christians. 

Buffon, George Louis, Comte de 

b. Moiitbftrd, Prance. September 7, 1707. d. Faria, April 15, 1788. 

The son of a wealthy lawyer, Buffon devoted his 
whole life to the study of natural history, his great 
work upon which, though perhaps over-praised by 
his contemporaries, remains a wonderful achieve- 
ment, considering the condition of scientific know- 
ledge in the eighteenth century. He was a 
forerunner of Darwin, in that he takes a distinct 
place in the history of the doctrine of evolution. 

Bunsen, Robert Wilhelm 

b. OottlngMi, Oennany, March .81, 1611. d. Oottluoien, Au|ruat 16, 1806. 

■ The oo-originator, with Kirohhoff, of spectrum 
analysis, which opened a new world to chopiists and 
astronomers, was one of the most painstaking 
men that ever lived. Although he destroyed the 
sight of one eye, and nearly poisoned himself by 
his experiments, he succeeded, by applying science 
to commerce, in effecting great reforms in the 
manufacture of iron, in inventing the burner 
which l^ars his name, the charcoal pile and the 
magnesium light, and many other valuable pro- 
cesses. 

Bumrmn, John 

b. Elatow, Bedlordahlre, Koveiu'. ..r, 1638. d. London, Anguat 81, 1688. 

The son of a tinker, and himself trained to the 
same trade, Bunyan had but little schooling ; and 
hia experience as a soldier, when he was drafted 
into we Parliamentary Army, does imt seem ^ 
have improved him. At tho time of his marriasm 
he waa the ungodliest fellow for swegrixig ” ms * 
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' 1^ dowty two ikicmt Ikxi^ ioiiihit 

ovBiBted by ber own Joltieboa^ oUebted mi nltlmni# 
i^mntlon. He become « powerful breiMsher. 
Nenoonformist mimftlsri ^of Goep^' ^oofn^g 
un^tr the ofBoUl bin, he wm cost into fmioh. He , 
fwmi^ned for some twelve yeors in ine Bedford 
Comity Gool^ where he wrote ievml worke. Hit 
releoee ot ioit secured, he returned his preaching, 
but was cost again into g^l, remaining a prisoner 
for six months. It was during this second incaroera- 
tion that he wrote the first_part of his deathlees 
/‘‘Pilgrim’s Progress.” This,* with “Grace 
Abounding ” and “ *ni6 Holy War,** will live as long 
as religion has a literature. It has been tran^atod 
into practically every known language, and fault 
will not be found with the didtum m Macaulay: 
“There is no book in our language on which we 
would so readily stake the fame of the old. un- 
polluted English language; no book which shows 
so well how rich that language is in its own proper 
wealth, and how little it nas been improved by all 
it has borrowed.” 

Bwrdett^Qoutta, Angela Oeorgiaa, Baroneea 

b. London, 31. 1814. 

The daughter of Sir Pranois Burdett, M.P., she 
suooeeded, at twen^-one, to the vast fortune of 
her grandfather, Thomas Coutts, throt^ his 
widow^ who had been an actress, but died Duchess 
of. St. Albans. Made a baroness in her own^right, 
she devoted her life to noble works. ' She built 
ohurcdiea founded three Colonial bishoprics, insti- 
tuted official inspection of schools, equipped topo- 
graphical surveys of the Holy Land, helped to 
establish Rajah Brooke in Sarawak, assisted 
emigration and war funds, formed many charitable 
institutions, built Clare Market, and model 
lodging-houaea Her career of goodness is almost 
without parallel in the history of Englishwomen. 

Buf>ke, EdmutMl 

' b. DttbUn. J«iravT 13, Vm. d. BmmomScUI. Bnc^, SvAy S. 17W. 

His father was a Protestant lawyer, his mother 
a Itoman Catholic, and his Erst schoolmaster a 
Quaker — a Combination of factors which early 
taught him the lesson of religious toleration. 
;^tered at Trinity College, Dublin, he studied 
industriously, if without s^^em, and settled in 
London to study law. This career he abandoned 
for literature and politics. He was successively 
sroretary to “ Singfe-speeoh Hamilton,” at thi^ 
time Secretary for Ireland, and to the Marquis of 
Rookiogham, Prime Minister, He did not hold 

. office until he was hfty-three, and then for a brief 
' period was Paymaster of the Forces, His influence 
with pen and tongue had no relation to oflioe. 
His knowledge of public affairs was inexhaustible, 
his sympathy with the oppressed unfailing. As an 
orator, he ranks among the greatest produced by 
this country, though his glowing imagination, his 
eloquent diction, and passionate delivery did not 
greatly appeal to the men of his day. His speech 
at the opening of the trial of Warren Hastings is 
regarded as perhaps the finest ever delivered in 
our language ; while those attacking the action of 
the Ministry in regard to our American Colonists, 
and condemning the French Revolution were, like 
his writings upon the same subjects, scarcely 
resplendent examples of argument and eloquence. 

Burns, Robert 

b. AJJnwv. AyrdilM, Jan, 85. IWP. d. Domfrlw. JvJrSl, IWS. 

The eldest of the seven children of a sm^l 
fumer, “ the boast of Sootiand,” as Scott named 
him, received but the meagrest education. At 
thirteen he was threshing corn for his father, 
whose chief labourer he became two years later. 
Before he attained to manhood, he io 

improve his handwriting, and to maMer French. 
Latin was ^ much lor him- ^His first poem was 
wntten before he was seyept^ Imtng in^lred 
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a time he mudied ma:!m^ythg%hde^..h^ 
h»i like 4 subi^heBt 
drMiiWf had no hlkt^ud res^ Aljihe mm 
hU laiSer he attmiip^ with a tomn ^ ta% : 
of workiiiil an impOimm farm. , Meantim/m w 
writing verse. Notie w publiiffi^ Until % had 
aodepted the post of estate-oversesr in demalea, at 
£30 per year^ His first volume of poertii^ oon* 
taihing some of hts most popular pieoea was tssued 
to pay his passage. Happily, the ymrk came intd; 
the hands of Blaokio^, the blind poet, who, tn a 
friendly letter, persuaded the friendless ^uth to 
abandon hk plan of emigrating The call for a ' 
second edition took him to Edinburgh, wheie he 
was introduced into the best sooiety of the place. 
He carried himself with modesty aM dignity, and 
was not spoilt by the admiration he inspired. 
Determining to “ woo his muse at the plough-tail,** 
he took a farm, and. married now to JeatM 
Armour, sought to make, ends meet from this 
venture, coupled with ap Excise Commitsionerdiip. 
The latter yielded him only a clear £40, and at 
best not more than £70. It had* the effect of 
developing his affinity for evil company, and hard 
drinking and disregard of health ruined his con- 
stitution. and brou^t him to an untimely grave. 
His private life was not creditable, liiat his 
genius should have burned eo brighil]^ under 
conditions so debating it greatly slirpristng. He 
wrote with remarkable facihtv. **Tam o* Shanter ’* 
was composed during a walk by the Nith; 

“ De’iPs awa* wi* the Exciseman ** during a wait 
the seashore, and “ Scots wha hae ** whilo 
riding in a storm over the wilds of Kenmure. His 
works are for all time: “He left his land her 
sweetest song. And earth her saddest story.** 

Burton, Btr Riobnrd Fmade 

h. Bturluai Howe. Herts., Mureh 19, 1881. (L Trteete, AitatH*. Oet. 99, ISIC. 

This darij^ traveller and indefatigable writer 
went, dis^ised as a Mohammedan, to Mecca, and, 
seeking the sources of the Nile, discovered .Lake 
Tanganyika. Speke, who accompanied him, was 
sent to explore another lake, and found in it the 
true source of the Nile-^X^ike Victoria. Burton, 
who was for many years in the Consular Service, 
was a roamer almost to his Ijfe’s end, and was a 
pioneer in lands which have since become familiar 
to travellers. 

Byron, George Noel Gordon, Lord 

b. I ondoe, JUL 92. 1788. d. NlstoKttglil, Oiwoa. AyrU t9. 1894. 

Succeeding his grand-uncle in the title and 
estates, which latter included Newstead Abbey, 
studied, at Harrow and Cambridge, publisning, 
when nineteen, “ Hours of Idleness.*’ An adverse 
criticism of this in the ” Edinbu^h Review ** called 
forth hk “ Engikh Bards and mtoh ^viewers,*' 
published before he had oompleM his twenty-first 
year. After Continental travel he married at 
twenty-seven, Anne Isabella Milbaoke, Tacir 
daughter, who afterwards became Countess of 
Lovelace, was born the same year, and he and his 
wife parted, under n^sterious oircumstanoes, two^ 
months afterwards. Byron left England in 1U6. 
and spent some years in Italy, where he took an 
active interest in the revolutionary movement of 
the Carbonari. In 1828 he threw in hk lot with 
the Greek insurgents at Oephaloni4 Waine in 
the following year Oommander-in-Chief at Misto- 
longhi, and there died of fever. He died when his 
intellectual powers were at ihek senith. Hk bmt 
known worin- are '^CSiilde Harold**; a aeriet of 
dramatic poems, inckiding “tManlM,** ^‘Oajn,*' 
and “Merino Faliero*^; ‘^Masropa,** 

“Beppo,**and*‘ I>6n Juap.** There remain indeukk 
faHoti upon hk lame as a man, but hk nature had 
Hs grand ai^ noi^ and beroio mde.^ Hk works 
reflept himself. poetry k a “daric hut divinay 
revelatipn, / and from the dictum iHf 04^^ ; 

here wes a trim poet, imna ptOkk fmimd to dtffhr. ; 
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Cabot, Sebastian 

>. 14'74. d. I^oudon, 1057. 

Tho second son of John Cabot, he, with his 
father, was thn first European to tlie mainland 
of N9rth America, anticipating Columbus and 

dred miles. Employed at the Spanish Court for 
some time in correcting maps and charts, ho 
settled down in England as Grand Pilot. His 
name is also associated with heroic efforts for the 
discovery of oth<‘r places not then clearly defined 
upon the map. Ho was the first to explain in 
England tho variation of tho inagm.'tic needle. 

Cadmus 

It is difficult to separate legend from the history 
of the found<ir of Thebes, in Bopotia. As to hia Wrtb 
and death, dates cannot be given ; nor can it be 
determined whether lie was of Phoenician or 
purely Greek origin. He is credited with having 
introduced into Greece tho Phoenician characters 
whence was derived the alphab<^t, the foundation 
of Western civilisation. Cadmus, the Milesian, 
the first Greek who wrote history in prose, is 
supposed to have flourished in the reign of 
Halyattcs in Lydia, 
r, Julius 

l>. Ituuio, July rJ, 1<J<) u.«'. <1. Ruiiic, Miiivlt IS, 44 B.r. 

“ The foremost man of all this world ” was tho 
son of a Roman preetor, or consul. He began 
his career at twenty, when he was fighting in 
Mytilone. He was captured by pirates two years 
later, but, gaining his liberty, rose rapidly to 
eminence, and, with Poinpey and Crassiis, formed 
the first triumvirate. He invaded Britain, then 
devoted ten years of his life to the complete 
subjugation of Gaul. So complete was his con- 
quest, and so beneficent his rule, that France w’as 
proud of her tHiiiqueror. She remained Romanised, 
tMo Romanised Germany, and in time sent forth 
Charlemagne and William the Conqueror. Mean- 
while, Caesar had great battles to fight against the 
armies of Pomjiey and Vercingetorix, and, though 
not invariably successful, finallv redeemed Rome 
from the clutches of an evil oligarchy, and sub- 
jected the Empire to his own jjersonal rule. He 
reformed tho calendar, re-cast tho administra- 
tion, and, by a multitude of measures, proved him- 
self os great an administrator as ho was a scholar, 
orator, and soldier. His three and a half years’ 
rule was a |>oriod of marvellous achievoment for 
tho progress of tlie world. He was assassinated by 
conspirators whom he had liefriended jealous 
men who asserted that he desired to make him- 
self hereditary ruler. 

Calderon de la Barca, Pedro 

>». Madrid, Januiu' 3 ' 17, 1000. d. MjMlrid, May 1J5, 1681. 

Spain’s greatest dramati.st was educated as a 
Jesuit, and was for ten years a soldier before 
receiving a Court appointment. Afterwards ho re- 
joined the Army, then entered the prh'stbood; and 
was, after a further ten years, recalled to Court, 
He now wrote the plays which his warmest 
admirers aver entitle him to rank as the “fourth 
in a mighty quaternion, with llouier, Dante, and 
Shakespeare.” 

Calvin. John 

b. rictwdy, Krtuioe, Julj' 10, ItHlS, d. iJtncva, lluy 37, 1564. 

The most eminent of the Protestant reformers 
after Luther embraced the Reformation when 
nineteen years of ago, w’as banished from Paris 
three years later ; published his famous “ Insti- 
tutes ” in 16^, and fled tho same year to Geneva, 
Only two years’ rest here was iiermitted him, for 
he was banished in 1638, returned three years 
afterwards, and initiated tho Academy of Geneva 
in 1639. Calvin’s servioes to tho cause of 
Protestantism were inestimable, and his intoler- 
anoo was not unacceptable in the age in which ho 
so prominently figured. He was a great scholar, 


a social legislator, and a man distinguished 
throughout his career by his sincerity and purity 
of life. 

wMDo. tfumn Sebastian Del 

b. Ouvtaria, Biiaht, about 1460. 

ne was me urst man to sail rouna me 
world, completing his voyage on September 6th, 
1522. lie died at sea when on a further ex- 
pedition. 

Canova, Antonio 

b. VoBsagiio, Italy, NovcuiIkt 1, 1757. d. Venice, October IS, 1322. 

From his boyhood he showed his talent for 
modelling, and at sovonteen made himself famous 
by his statue of Orpheus and Eurydioe, which 
brought him notable commissions. His fame in- 
creased with his years. Noble examples of his 
works are to bo seen in the galleries of the 
Continent. Ho vi.sitod England to pronounce 
upon the merit of tlie Elgin marbles. 

Canton. John 

b. Struud, Gloiiccatci-Hliiic, July ;{1, 171H. d, Mai-uh 22. 1772. 

Apprentic<id to a broadcloth weaver, and after- 
wards engage^d as a schoolmaster, Canton was 
acclaimed in his day “one of the most successful 
exiM'rimontorB in this golden age of electricitjj'.” 
He was the first to snow that air may receive 
electricity by communication, and that water is 
compressible ; he also first manufactured powerful 
artificial magnets. Nobody in his era did more to 
ad\ance public knowledge of electricity. 

Carncci. Ludovico 

b. Italy, April 81, 1565. d. Ikdogiia, NuvemWr 13, 1619. 

The son of a butcher, he established the famous 
Bologna school of painting, and left many fine 
works. The Caraccis, Agostino and Annibale 
were his cousins. Tho last-named, a tailor, 
eclipsed tho works of Agostino, and even of his 
teacher. 

Caravaggio. Michelangelo Amerlghl da 

b. Cai-avagjflu, Itoly, l.)6W. d. Rorto Eroole, Italy, 1609. 

A painter of the naturalistic school, two of 
who.so most famous works — “Christ and the 
Disciples ” and “The Entombment of Christ”— 
are respectively in the National Gallery and the 
Vatican, ho was the son of a mason. * The fact 
that he w'as guilty of murder may have invested 
his works with the wild and gloomy character for 
which they arc noted. 

Carey. William 

b. Puulcrspury, Nortbaiii», Autfu^t 17, 1761, d. Calcutta, June 9, ISW. 

One of the first two Baptist missionaries to 
India, he w'as by trade a shoemaker. He proved 
to have a remarkable faculty for languages, and 
under his suiierintendencc the Scriptures were 
published in nearlv two score Oriental tongues, 
lie founded the burnous Berampur Mission in 
1799. 

Carlyle. Thomas 

b. KtcU'fcciiRii, luimfripsshii't', IXt. 4, 1795. d. Cholaca. Feb. 4, 1881. 

This sturdy prophet, in tho guise of a man of 
letters, w’as the sou of a w’orthy stonemason, was 
educated at Annan Grammar School and Edin- 
burgh University, and maintained himself, while 
studying law', by giving lessons in mathematics 
and by writing for encyclopeedias. He married, 
when thirty-one, Jane Baillio Welsh, a woman 
noted for her w’it and beauty. Genius and 
domestic bliss, unfortunately, are not invariably 
found beneath the same roof, and the married life 
of this gifted couple was not happy. Carlyle 
sc'ttleil, in 1834, in Chelsea, and there resided to 
tho time of hi.s death, affectionatelv styled the 
Sa^e of Clielsea, There he WToto the works by 
which he will always be known Cromwell,” 
the “ French Revolution,” “ Sartor Resartus,” 
his “Life of Schiller,” and translations of that 
poet's works, and so forth. Chronic dyspejisia 
aggravated a naturally intolerant, irascible* 
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temperament; but while his faults wore hidden 
from none, his virtues, his nobility of character, 
his hatred of deceit and meanness and dishonesty 
were acknowledged even by those at whose foibles 
he hit hardest. He accepted the Prussian Order 
of Merit upon the publication of his “Life of 
Frederick the Great,’' but refused the pension 
and decoration which Disraeli offered, 
dmund 

.1104 1X|0 .1 1T..&»4n#Ni 

The inventor of the iiower-loom and of the wool- 
comber was a clergyman, who held one or two 
livings, and, further, was domestic chaplain to 
two Dukes of Rnlford. His inventions, though 


) which existed in the minds of work- 


Cary, Henry Francis 

b. OibnUtor, Deoein>»er t5, 1772. <1. London, Au^rimt 14, 1&44. 

The one achievement which entitles Cary to 


3n gave 

av .... But he 

was always in iiecuniary difficulties until within 
three years of his death, when a small pension was 
conferred upon him. When Cary was translating 
Dante, Napoleon said t>f the poet : “ His fame 
is increasing, and will increase, because no one 
ever reads him.’' Cary has given Dante im- 
rnortality in Fiiigland liecause everybody does read 
him in Cary’s meritoriou.s translation. 

1 ^ r* ^ 

IT. ITHrt. 


caused her husbaini, Peter HI., to lie deposed and 
assassinated, and usurpe*! the throne. Next, 
Prince Ivan, upon whom the hopes of the nation 
were set, was assassinated. Her private life was 
scandalous, but her career as a sovereign was in 
many particulars exemplary. She introduced new 
laws, reformed the administration, encouraged 
learning, and loft it truly to be said that no 
sovereign save Ivan the Terrible had so extended 
the Enipire. She had given Russia for boundaries 
the Niemen, the Dniest<*r, and the Black Sea. 

Caxton, William 

b. Ktet, ationt 1 122. (L W'e»ti»inst«r. 1491. 

The first English was a mercer, who 

served his apiirenticeship in London, and then 
was for many years resident in Bruges, where ho 
became the head of a comxiany regulating the 
operations of English merchants in the Low 
Countries. In 1469 he translated into English the 
“ Recuyell of the Historyes of Troye,” and, the 
demand for the book being so great, he had 
recourse to printing, which art ho had learnt in 
Brug<.‘S. 'fho first l^ok, however, of which wo 
have definite knowledge as to its having been 
printed at the pri^ss which he established in West- 
minster is the “ Dieb'S and Sayinges of the 
Philosophers.'' This made its api>earance in 1477. 

Cellini, Benvenuto 

b. Morencf, NovuiuIxt li), liiOO. U. Fh>r>‘uc(i, Felirjwry 13, 1C7J. 

Famous as sculptor, engraver and goldsmith, 
Cellini devoted the early part of his life to the 
work of a goldsmith. He was present in Rome 
during its siege and sack by the Constable de 
Bourbon. Cellini asserts that he fired the cannon 
which killed Bourbon and wounded the Prince of 
Orange. Ho exjierienced wonderful vicissitudes - 
committed murder, was imprisoned, escaped, to 
renew his fame in fresh directions, in sculpture and 
engraving. His aiitobiograiihy is one of the most 
remarkable works of the character extant, end 
enjoys universal fame. 
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Cervantes-Saavedra, Miguel de 

b. A1(«1A de Heiiares, Spaia, 1S47. d. Madrid. April IB, 1010 

The author of “Don Quixote" is supposed to 
have been educated at the University of Sala- 
manca. He served, however, as a common soldier, 
and at the Battle of Lepanto, 1571, wm so inmred 
as permanently to lose the use of his left hand 
and arm. The galley in which he was returning 
to Spain was captured by pirates, and he was 
detained as a slave for five years in Algiers. 

no was iiupnsoiiea in cunaeciiiuii wiin a ueut, auu 
while actually in prison wrote the first part of 
his immortal work. Upon its publication it leapt 

af infn . . 1 . 1 n h< . K..4- y4 • ^ *\a 4- aA#\n «»ii.i4n 


scarcely lo o , 

‘‘Don Quixote" places him in the forefront of 

Chmlmers, Thomas 

o. £. Auatruther, fifeablre, March 17. 1780. d. RdiitbuiYh, May 31, 1S4T. 

This celebrated Scottish author and divine was 
the father of the Scottish Free Church. He had 


with 476 other ministers, quitted tlie [larcnt church 
and established the new. 

Chambers, William 

b. PeeblCM, Scotland, April 16, 1800. d. EdluburRh, Muy 20, 1HH3. 

The son of a cotton-manufactur<?r, he, with his 
brother Robert, founded the publishing-house 
bearing their name, from which works of the 
highest educational value to the nation have been 
issued. The brother, Robert Chambers, who was 
two years. the junior of William, and died in 1871, 
was the author of many acceptable works. The 

win s 

Chantrey, Sir Francis Legatt 

b. Norton, Pprby, April 7. 1781. d. Loudon, Novemboi- 1S41 

Left fatherless W’hcn twelve years of ago, this 
son of a cariienter worked in the shop of a 
Sheffield carver and gilder for live years, then 
was able to take lessons at the Royal Academy. 
Having carved a marble bust for a Sheffield 
church, and others for Greenwich Hospital, he 
rapidly made himself famous, and executed some 
of the finest statuary over ilono by an English 
sculptor. He left a fortune of £160,000, from the 
intorcst of which our national treasures should Im‘ 
each year enriched, the sum being Wqueathod to 
the Royal Academy. 

Charlemagne 

li. April 2, 742. d. Aachen, Gennaiiy, Junuary 28, 81 4. 

Charles the Great, King of the Franks, Roman 
Emperor, was the son of Pepin the Short, and 
succeeded jointly with his brother to the throne of 
the Frankish kingdom. T7pon his brother's dciath 
he took the crown to himself. Ho was a great 
soldier, a scholar, a born administrator, and the 
most enlightened ruler of his time. His wars 
were long and many, but wherever he went the 
Christianising of his conquered subjects was a 

S aramount consideration. He was crowned 
Imperor of the Romans in St. Peter’s on 
Christmas Day, 800. His empire extended from 
the Ebro to the Raab, and from the Eider to the 
Garigliano, but after his death it was frittered 
away. 

Charles I. 

h. Duiiferiiiihie, RtiotUud, Noroinber 19, 1600. d. Loudon, Januiiry 30. 1049. 

This ill-fated monarch takes his place in the 
gallery of fame not as a great, good, or wise 
man, but as one whose acts and ends made him 
the most conspicuous sovereign in our annals. He 
succeeded his father, James I., on March 27, 16^, 
and three months later married Henrietta Maria, 
a Catholic Princess of the Royal House of France. 
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Persuaded of the divine right of kings, he essayed 
to govern without Parliament, meeting the ex- 
penses of government by forced loans, poundage 
and tonnage, ship money, and other unconsti- 
tutional sources of revenue. His attempts to 
anglicise the Church of Scotland brought aljout 
the Solemn League and Covenant, and led to a 
bloodless civil war. Parliament, which had not 
sat for years, was summoned, and the liOng Parlia- 
ment outlasted the King. The revolutionary war 
extended over four years, and ended in his being 
taken, impeached, and executed. 

Chateaubriand, Franpoia Rene, Vicomte de 

!•. Si. D.'klo, FraiUH:, SuptoiiilKT J4. 17GS. (1. PariH, July 4, 1H4M 

This oclebrated French statesman and man of 
letters began his career in the army, and after 
visiting; America fought with the Royalist forces 
at Thionville. Under Napoleon he accepted 
office, which he relinquished upon the murder of 
the Due d’Enghien. Having previously spent 
some years in England, ho now travelled exten- 
sively, afterwards supporting the Restoration 
Monarchy. He was inacie a ix^er, and amba.ssador 
to England, but revolted against the Royalists 
until the downfall of Charles X. His writings 
were many, various, and, for th<^ most part, ex- 
collent. He has been called the “ Father of tin* 
Romantic School.” 

Chatham, Earl of 

»). Wcatnilnater. Ni.vemlKT 170S. d. Majts. K<*ut, May P. 177S. 

First a cornet in the Dragoons, William Pitt 
the elder entered Parliament in 1735, and allied 
himself with the Prince of Wales, who was then 
in opposition to the King. Tqjon th<* defeat of 
Walpole he filled minor offices, and in 1757 
formed a coalition with the Duke of Newcastle, 
in which the latter was nominally I’reinier, wdiil<‘ 
Pitt was so in actuality. His policy of conducting 
the war against France formed om* of the most 
brilliant chapters in our history, the French being 
<*verywher« Ix^aten-in India, in Canada, in 
Africa, in Europe on sw‘a and land. He was 
(•ompclled to resijyn when his Ministry would not 
support him in his detennimiiion to declar<‘ war 
against Spain. He was Premier again, this time 
as Viscount Pitt and Earl of Chatham ; Init his 
Ministry was helpless without the aid which his 
ill-health prevented his aftording, and his [Kiwer 
was gone. He vehemently condemimd the policy 
pursued by this country towards the American 
Colonies, but was struck down by fatal illness in 
the House of Lords when declaring against the 
proposition to terminate the war by granting the 
Colonists unconditional freeiloin. 

Chatterlon, Thomas 

S, Rrliito], liO, "ilK!. d. Aujfii.st ‘JJ. 1770- 

The saddest soul in the Idstory of letters had 
not completed his eighUnuith year when he took 
his life in a miserable garret in Ijomlun. Yet 
how many iwiets of a later day have his works 
inspired ! He was the son of a sub-chanter at 
Bristol Cathedral, who left no provision for his 
boy, Chatterton was bound ap])rontice to an 
attorney, in whose houstj he lived the life of a 
menial. In his twelfth year he produced the first 
of the famous “ Rowley ” nofuns his own creation, 
but which ho represented as having been found 
bv himself in the muniment-room of Bristol 
Cfathodral. More followed, and upon his coming 
to London, and earning eleven guineas, fortune 
seemed within his grasp. He wrote poems, 
squibs, stories, essays, letter.s. “ It was Ossian, 
or a Saxon monk, or (Jruy. or Smollet, or Junius; 
and if it failed in most what it affected to bo a 
poet of the fifteenth century— it was because it 
could not imitate what had not existed.” Hi.s 
patron, Lord Mayor Beekford, died, and, his 
application for a \K)st as ship’s surgeon failing, 
he was left penniless. He refused a meal offered 
to him in charity, and took poison. 


Chaucer, Geoffrey 

b. Ix>ncioii (f), 1340. d. London, October 25, 1400, 

Chronologically, Chaucer is the first of English 
miets, and is called the “ Father of English 
Poetry.” In point of merit he is among the first 
of all our poets. He bore arms for twenty-seven 
yeans, and was employed on many missions to the 
Continent. This enabled liim to study the Italian 
jioets, by whose example he was inspired. His 
best known work is ” TTic Canterbury Tales.” At 
later fieriods of his life he enjoyed considerable 
Court patronage, but his career was chequered, 
though not sufficiently to daunt his spirit or ex- 
tinguish his genius. H<5 was the son of a London 
vintner and innkeeper. 

Cheops 

b. ii.r. d. 3032 u.c'. 

Authorities differ to the extent of two thousand 
years as to the age in which lived Khufu, 
the Egy}»tian King, commonly known as Cheops. 
He was neither a great man nor gosd, but he can 
never be forgotten so long as his vast pyramid at 
Gizeh, Egypt, exists. It was built for his 
.sepulchre by the labour of hundreds of thousands 
of .slaves, spread over a xieriod of thirty years, and 
remains to-day the greatest stone buildmi^ in the 
world, containing, it is estimated, six million tons 
of masonry. Cheops was imiKiverished by the cost 
of his tomb, and to raise money, it is said, sacri- 
ficed the honour of his daughter. 

Chesney, Francis Rawdon 

b Aimalong, Muix-h IG, 17S9. d. Moumc, Irelnud, .TiinuarySO, 1S72- 

A British general and engineer, he established 
an overland route to India, explored the valley 
of the Euphrates, and demonstrated the feasibility 
of a Suez Canal in a report which served 
De Li^sseps as starting-point. 

Chevreul, Michel Eugene 

b. Ainf<T.-5, rmnoc, AiiRunt 31, 17W5. d. Paris, April 9, 1889. 

IT«* was for over sixty years chemist at the 
Gobelins factory, and professor at the French 
Museum of Natural History. From his labours 
vast industries have been brought into existence, 
among his most important discoveries being 
margarine, olein, and steurin. 

Chopin, Frederic Francois 

b. near Wiiriww, Poliuid, March 1, 1*4)9. d. Pariu, October 17, 1849. 

Into tlio forty years of this famous composer 
and pianist’s life was (irowded a vast amount of 
eom]iosition— songs, danc<'s, and greater ^^orks for 
the piano which will long ktH*p his memory 
green. His association with the famou.s George 
Sand extetuh'd over <*ighl years. He is the 

Prince Karol ” of her novel “ Lucrezia Floriani,” 
in which she re])reseiits him as a ‘‘high-flown, 
consumptive, exasix’rating nuisane<*.” 

Cicero. Marcus Tullius 

b. Arphnuii. Ttuly, January 3. I(m{ n.c. r|. Ponnin’. Italy, Ihwember 7, 43 b.c. 

One of the greatest orators of his ago, Cicero 
established his reputation os a siK*aker in his 
twenty-sixth year, and at thirty pronounced, in 
denunciation of the infamous Verres, the noble 
oration which has been })resorved to us. As a 
statesimui. Cicero was not robus^ of will; and, 
regariled as a trimmer ami time-server, he was 
banished and his house sacked. He was recalled 
to Rome, but hovered between allegiance to 
C‘«Dsar and Pomi>ey, finally inclining to the forzner. 
He was assassinated in consequence of his indiot- 
meiil of Antony. Inconsiderable as politician and 
statesman, Cicero excelled as orator and man of 
letters, and his writings and sjrieechcs are dear to 
all scholars. 

Cleopatra 

b. AlvxiUldriH, G9 ».C'. d. Aloxaudrift, 30 B.c 

The last Queen of Egypt was a woman of sur- 
passing beauty and of highly-cultivated miod. 
She inherited the throne of Egrypt jointly with her 
brother, Ptolemy Auletes, but his piardians 
denied her right. Caesar, arriving at this time in 
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Egypt in pursuit of Pompov, was captivaU'd by 
her beauty and address, and made successful war 
in her behalf. She accompanied him back to 
Rome, and there l)ore him a son, who was afler- 
wards assassinated by Octavianus. In the tumult 
which followed the murder of Caesar she returned 
to Egypt, to bo summoned to meet Antony at 
Tarsus, in Cilicia. Antony was not proof against 
her beauty, and his devotion to her brought about 
his ruin. He spent the winter with her in Alex- 
andria, then Went to Romo to divorce his wife, 
the sister of Octavian, who thereupon declared 
war against Cleopatra. Antony joined her, and 
lost the Battle of Actium. (Ueopatra fled, and 
he, to follow her, threw away half a world. 
Octavian appeared with his host before Alex- 
andria; and Antony, hearing the false report that 
Cleopatra was dead, fell u}>on his sword, while 
she, to avoid being exhibited at Rome in the 
triumph of Octavian, took her own life. 

Cobden, Richard 

b. Heynhotl, Juno 1S04. <1 April ‘ 2 , 1865. 

He began life in the warehouse of an uncle, 
whom he served as clerk and traveller; then, 
with two others, started a business of his 
own in London, with calico-nrinfing works in 
Lancashire, which led eventually to his fk'ttling in 
Manchester. He visited the United States and the 
Levant, and began his campaign against lh<; 
Corn Laws. The Anti-Corn Law League, born in 
Manchester, had Cobden at its head, lie preached 
Free Trade in Parliament and out, and it was due 
mainly to him and his followers that the C^orn 
Laws were abolished. His devotion to public 
affairs ruined hii* business, and, out of gratitude 
for his services, a national subscription of £80,000 
was presented to liiin. He negotiated an im- 
portant commercial treaty between France and 
England, and did us^jful work for the North in 
the American Civil War. 

Coleridge, Samuel Taylor 

to. Ottery St. Mary, Devon, (Xtolier ‘Jl, 17?J. rt. July 2.">, IS.*}!. 

The son of a vicar, who was also a schoolmaster, 
Coleridge showed as a boy a wonderful avidity for 
learning, hut he left (’ambridg4‘ without a degree. 
He got into debt, enlisted, was bought out, acted 
as editor, lecturer, preacher, and wrote .soino 
poems. With Wordsworth, he wroto “ Lyrical 
Ballads,” contributing the immortal ‘‘ Ancient 
Mariner.” Meanwhile, he had married Southey’.s 
sister-in-law, and projected, with his tw'o ix>et 
friends, a barren scheme for a s<*ltlement in the 
wilds of America. Aco^'pting a ])ension from the 
Wedgwooils, he .studied for some time in Ger- 
many, and upon coming back established himself 
at Keswick with Southey, and with Wordsworth 
for neighbour. Here liis craving for opium 
aSMrted itself, and eventually mastered him. It 
ruined him mentally and morally. He went to 
London, whore he leertured w-ith varying siicress 
on Shakespeare and the fine arts. In London 
his declining days were passed. His conver- 
sational powers were remarkable, and ho had 
many and true friends. As a poet he ranks high, 
and ho was a notable critic. To Engli.sh literature 
he rendered invaluable service by infusing into it 
the spirit of German learning. 

Columbus, Christopher 

h. Genoa. Italy, about 145.5 or 1446. <1. ^ allu<Iolid, Spain, May 20, 1.506. 

This, one of the most fascinating of all life- 
stories, began in the humble cottage of a wool- 
carder. To the same trade as his parent the son 
was bred, but at a tender age took to the sea. 
He managed to acquire knowledge of subjects not 
commonly known at that time, and during all the 
adventures of his early days -his fights and hair- 
breadth escapes at sea— tliis was germinating in 
his brain, until, arriving at maturity, he resolved 
upon an attempt to reach India by sailing west- 
ward over the oi>on sea. Years elap.sed bedore bo 
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could gain the support necessary to equip his 
.ships; out, after heart-breaking aiscouragemonts, 
ho set sail, August 3rd, 1492, into the unknown. 
The wind was fair, and his crew inferred that it 
alw’uys blew in that direction, and, therefore, that 
they wouhl never l>o able to return. The varia- 
tion of the needle, with every other now 
phenomenon, terrified his crows, who wore re- 
peatedly on the point of mutinv. But ho held 
bravely on, and on Octolier 12tfi, 1492, reached 
the Bahamas, discovering during his three months’ 
stay ITayti and Cuba. To the whole ho gave the 
general name of the West Indies, so recording his 
lielief that he had reached the Indian Sea. Re- 
turning with a greater flei't in the following year, 
he added little to his first discovery ; but at the 
third attempt, in 1498, he first reached the 
American continent, near the mouth of the 
Orino<><5. And now, at IJayti, ho found the colony 
which ho had established in confu.sion. and his 
enemies at home induced the King of Si>ain to 
have him brought liome in chains. The revulsion 
of folding upon his landing in this shameful plight 
was instantaneous, and he wa.s restored to freetlom 
and honour. Meanwhile, Da Gama had dis- 
covered India, in seeking which C-olumbus had 
found America. Columbus made another voyagi', 
and explored more of the coast of America, and 
returned to die in poverty and obscurity. A 
quarter of a CHUitury later Cortez wa.s in Mexico, 
and Pizarro was conquering Pern. The pilgrim- 
age to the West had begun. 

Comte, Auguste 

b. Fniiuf, JiDiuary l'.>, •!. I’.ii i-, N-iUi'zitUr 

His full name is Isidore Marie Auguste 
Franyois Xavicu’ Comte. Wlnui twenty years of 
age, the founder of Po.sitivism became the frieiiil 
and disciple of Saint-Simon; but they took each 
his own way after four years, and Comte, unaided, 
foundi'd the school of thought now known as the 
Pn.sitivists. 

Confucius 

b. ShantTniff, Cluii.v, STil n.r. il. 478 ii.r. 

The name of the gn^at Chini'si' philo.sophor was 
Kung, and we preserve the Latinised form of that 
name and the term which his disciples applied 
literally Kung the philosopher, or the Master 
Kung. He was the son of a soldier, whose widow 
was left to educate the child. The latter, when 
he grew up, was occupic'd a.s k<»<'per of the public 
supply of grain and of the lierds. Later he 
iM'came a womh'rfully suteijssful governor, 
Mini>ter of Works, and chief magistrate of liis 
native place. 1'ho jealousy of a powerful neigh- 
Ijour caused his retirement, and from that time 
forward he wandered for years, attended by his 
followers, expounding his philosophy. Some of 
our best-known maxims were first uttered by 
Confucius. His memory is worshijiped to-day in 
China by every class of the community from tlie 
Royal Family downwards, and ear;h town and 
village must havo its temple consecrated to his 
imunory. 

Constantine the Great 

b. NaiMUB, Upner 272 a.d. d. Xl'H>inrdla, Asi.-i Minor, Maj 22, 3;J7, 

Constantine was the son of Coristantius Chlorus, 
who re-established Roman dominion in Britain 
and liecamo Augustus. His son is commonly 
called the flr.st Christian Emperor of Romo. As 
a fact, Constantine, while making Christianity 
the form of worship for his subjects, was not 
wholly a Christian until his end was approaching, 
when ho was baptised. Throughout his life ho 
paid official honour to heathen gods. A great 
soldier and far-seeing administrator, he made 
himself, aft<^» bloody conflict, master of the 
western portion of the empire, and, finally, 
emperor of the whole. Having defeated Licinius 
near Byzantium, he established his capital there, 
and in 330 inaugurated it under the name of 
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ConBtantinoplc. It was under his auspices that there 
aasemblod the great Church Council of Nicsea, at 
which was produced the Nicene Creed. 

CooK* Captain Jamea 

Mutoii, York*, October *27, 1*728. <1. Hawaii, Pebrnary 14, 1779. 

The son of a farm-labourer, Cook ran away to 
eea, and by the time he was thirty-one had 
attained the rank of master in the Navy, and was 
given the task of charting the St. Lawrence and 
the shores of Newfoundland. His work here, as 
everywhere else, Vas marked by remarkable 
thoroughness. He circumnavigated New Zealand, 
and in the name of his country took possession of 
the east coast of Australia; circumnavigated the 
globe near the Antarctic Circle, and explored the 
Facific Ocean. He was killed in aguarrel between 
members of his party and natives in Hawaii. An 
intrepid voyageur, Cook was a man of noble 
character, and so universally respected that orders 
were issued to all French ships by the French 
'Goverhment, during the war of 1779 between 
France and England, to treat Cook and his ve.ssels 
as neutral allies. 

Copernicus, Nicolas 

b. Thorn, Priiiutia, Fobriuiry 19. 147:h d. Fraueuburg, Pi'ussia, M»y 24, bTLI. 

Like so many other illustrious men, the father 
of modern astronomy was the son of humble 
parents. It was his good fortune to be mentally 
equipped not only by diligent personal effort, but 
by a course of study at Cracow University, where 
he graduated as doctor of medicine. He taught 
mathematics, became a canon, busied himself with 
Church work and lay offices. But all his leisure 
was devoted to astronomy. The so called 
Copernican system remained to he ostabli.shed by 
great men who followed ; but he led the way with 
a new theory, and braved the terrors of the 
Church to stat<i the case os it appeared to him. 

Corneille, Pierre 

b. Ronou, Prance, Jun« 9. 1606. d. Paris. October 1, 16S4. 

The greatest tragic dramatist of B'ranoo turned 
to WTiting when the attempt to win success at the 
Bar had failed Ho was for some time one of 
Cardinal Richelieu’s “ five poets,” but was too 
independent to write at another man’s dictation. 
Corneille ranks with Descartes as the first to free 
French thought and language from the restric- 
tions duo to Latin and Greek influences. 

Antonio Allegri da 

This great artist takes his name from Correggio, 
the town near Modena where he was born. Of his 
work it has been said : ” In facility of handling, 
in absolute mastery of the difficulties of fore- 
shortening, in the management of light and shade 
as distributed over vast spaces and affecting multi- 
tudes of figures, this great master has no rival,” 
Tho National Gallery possesses some of his master- 
pieocs. 

Cortex, Hernando 

b. MedolUn, Bpiiln, ]4ttD. d. near Seville, Spain, Deccml^r 2, 1647. 

Cortez conquered Mexico for Spain against the 
orders of Velazquez, who, having given him tho 
command of a small force, sought to depose him. 
The soldier hurried forward with fewer than six 
hundred trained warriors of his own nationality 
and a handful of friendly Indians, a dozen horses, 
and as many small guns. He founded Vera Cruz, 
made allies of the Tlascalans, and marched to- 
wards Mexico, the capital. Montezuma, the 
King, came to meet him. He was made prisoner, 
and siege laid to the capital. A force sent by 
Velazquez to recall Cortez now drawing near, 
Cortez took part of his force, defeated the 
Spaniards, and made the survivors part of his 
own army, then marched back to Mexico City, to 
find that those he had left there had been sur- 
rounded. Cortez had to battle against a risen 
nation, and his little force suffered terribly during 
the retreat from the city. At Otumba he was 


surrounded, but won a pitched battle against 
enormous odds, and, having recruited a largpa 
nuin^r of Indians, returned to the attack upon 
Mexico. Tho siege lasted seventy-five days, for 
the city did not capitulate until its destruction 
had been practically completed and its population 
decirnated. Cortez had beaten a nation ! Ex- 
peditions were sent in various directions, and new 
territories annexed, but Cortez’s enemies at home 
were still powerful. He returned to Spain, and 
was honoured by his sovereign ; but, though ap- 
pointed captain-general of the New Spain, as it 
was called, he was not the civil governor. Ho 
lived in sfffendour for several years in Mexico, 
but, returning for the last time to Spain, died in 
neglect and obscurity. 

Cowper, William 

b. llci'khampBteaa, Uerts, Nov. 15, 1731. d. B. Dereham, Norfolk, Ap. 25, 1801, 

Genius and madness dominated the life of tho 
author of ” The Task.” A morbid sensitiveness at 
school made his life hateful to himself. It made 
him shrink in terror from the duties which should 
have been his as Clerk of the Journals of tho 
House of Lords. He repeatedly attempted suicido, 
and was confined as a lunatic. Afterwards liegan 
that intimacy with the Unwins which lasted for 
many years after the death of Mr. Unwin. Later 
there came into the life of the poet Lady Austen, 
who told him the story of John Gilpin, and in- 
spired him to write ” The Task.” Ho translated 
Homer, but not with success, and recurrent 
dementia sadly marred his life. His poetical 
writings have had a great influence upon English 
literature, while his letters are a never-failing 
delight to the student. 

Crompton, Samuel 

b. Firwotxl. Iaucb., December 3, 1753. d. ne»r Bolton. Lancs., June 26. ISsR. 

The inventor of the spinning-mule was the son 
of a small farmer, and helped his widowed mother 
in farniwork and weaving. The desire to improvo 
upon the old methods, which let the ends of tlM 
yarn so readily break, led to h^ inventing his 
famous machine. It gave other men vast fortunes, 
but he reaped little advantage from it, and died 
poor and in sorrow, defrauded of his just reward. 

Cromwell, Oliver 

b. Huiitiiigdnii, April 25, 1599. (1. I..o)iduii, September 3, ISSa 

The Cromwells were of good stock — landed 
gentry, the backbone ‘ 

Oliver was educated at Huntingdon 
Grammar School and Cambridge University, then 
went to London to study law. He became imbued 
with the tenets of Puritanism, which did not abate 
their influence when ho went down to Huntingdon- 
shire to live the life of an industrious country 
gentleman. He was returned to Parliament, and 
it was in the Long Parliament, when he had 
turned forty, that he first made himself known as 
above tho level of his fellows. When the war with 
the King broke out, it was Cromwell who most 
distinguished himself as a soldier. He had had 
no previous experience, but he proved himself a 
born general — as great in his sphere as any the 
world has ever known. He raised the famous 
Ironsideii, who were never defeated—neither in 
our own islands nor on the Continent — nor were 
his ships otherwise than victorious. He boasted 
that he would make the name of Englishman as 
respected as that of Roman had been, and he 
justified that saying. England under his rule 
became the sovereign power of Protestant Europe 
Meanwhile, however, there was the terrible civil 
war raging throughout the length and breadth of 
the land. Cromwell suppressed this with an iron 
hand, and, plot upon plot originating with 
Charles I., he had him executed, and himself 
declared Lord Protector— or Regent, as we should 
now say. His followers wished him to be crowned 
king, and had he lived longer he would no doubt 
have yielded to their wishes. At the same time, 
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however, lie did not wish to wound the suscepti- 
bilities of the Republican party, and refused the 
title. He ruled as Protector for less than five 
years, and in that time proved himself the 
greatest and mightiest ruler this land has known. 
The downfall of the edifice which he had raised 
followed quickly upon his death, and England 
submitted to Cnarles IL, with his Court of un- 
exampled corruption, debauchery, and shame. 

Crookes, Sir William 

b. London, June 17, 

From his earliest childhood he has been deeply 
interested in science, and when still a youth was 
^pointed assistant to Dr. Hoffman at the Royal 
Cfolloge of Chemistry. Before he was thirty, a 
chance observation, made during a spectroscopic 
examination, led him to the discovery of a new 
metal — thallium. His method in dealing with this 
was characteristic. He spent eight years in in- 
vestigating its substance and projierties and 
weight. One thing led to another. He found 
that it must be weighed in a vacuum, and this 
showed that the metal appeared heavier when 
cold than when hot. This in turn conducted him 
to his famous researches concerning the discharge 
of electricity through highly rarefied gases and his 
examination of radiant matter, all tending to- 
wards investigations coiiceming radium, with which 
his later years have been engaged. A practical 
scientist, he has done great things in promoting 
pure water supply and in the treatment and 
disposal of sewage. 

Curie. Mme. Marie SklddowsKa 

b WiiTMiw, Fi'lnud, November 7, ItWT. 

The daughter of a Professor of Physics at 
Warsaw College, Madame Curie, from her 
earliest childhood, wa.s accustomed to the work in 
her father’s laboratory, and came in time to know 
as much of chemistry as himself. On going to 
Paris to complete her education, she mot and 
married M. Pierre Curie {h. Paris, May 15th. 
1869), and together they discovered radium, and 
revolutionised the whole world of modern scien- 
tific knowledge. The experiments attended by so 
vastly-irnportant results were conducted when the 
young couph* were very poor. Since then the 
whole scientific world has paid them honour. 

Curwen, John 

b. Heckniondwiko, Eng.,XnT. 14, ISKJ. < 2 , ifoabiii Mvraoy, T^hk'h,, Mwy ‘JG.'SO. 

As the man who, by the Tonic Sol-fa sy.stem, 
made it possible for the masses to learn music, 
Curwen is entitled to a place in the gallery of 
fame. An Indei>endent minister, he was always 
interested in teaching, and this led to his l:>eing 
asked, at a conference of Sunday-school teachers, 
to recommend the best and simplest method of 
music-teaching. As the result, he gave to the 
world the system w'ith which his name is 
associated. The principle of that system ho 
seems first to have acquired from a Miss Glover, 
daughter of a Norwich clergyman. His later 
years were entirely devoted to the propagation of 
this system. He wrote many books upon it, and 
founded the Tonic Sol-fa College. Millions of 
people owe their knowledge of music to his efforts. 

Cuvier. Georges 

b. Hontbeliard, Prance, Augunt ]?<». d. Paris, May l.S, 183*-*. 

The full name of this most famous of compara- 
tive anatomists was Leopold Chretien Frederic 
Dagobert Cuvier— that given in the heading was 
his literary style. He filled many offices in the 
State, and was an indefatigable worker. The 
theory of evolution found in him a doughty 
foeman, but his work in comparative anatomy was 
of vast importance to the science. 

Cyrus the Great 

b. about «92 B.c. 4 . >jj >9 

As to the birth and death of the founder of 
the Persian empire, fact is less traceable than 
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legend. He was a great warrior, an enlightened 
administrator, and a humane conqueror. * The 
scene of his conquests lies in the story of the Old 
Tewtament. It w'as he who, after conquering 
Babylon, permitted the Jews to return to E^ypt 
to rebuild the temple. He not only permitted 
them to depart in peace, he restored to them the 
vessids of the temple which had been carried away 
by Nebuchadnezzar. 

Daguerre* Louis Jacques Mande 

b. Oormwllnii, Normandy, Novoinber 18, 1780. d. Franco, July W, 1851. 

Skilled as a painter, Daguerre followed up the 
disooveri<‘8 of Nicephoro Niepce in obtaining 
pfirrnanont pictures by the action of sunlight, and 
with him produced the “ Daguerrotype *’ process, 
the pioneer of modrrrn photography. 

Dalton. John 

b. Kjttrlfcsflold, C'mnlioiland. r r», 1700. d. MauchesUr. J uly 27, 1844. 

One of tho greatest chemists of any age, Dalton 
was the son of poor iiarents. his father, a Quaker,, 
being a weaver. It was his fortune to have within 
reach a cousin who kept a school, at which he 
was able to develop his love of science. During 
his life he held many api)ointments, enabling hini 
to impart his knowledge to others. But ho was 
himself a student all liis days. Then* was .so much 
for him to learn. It fell him to demonstrate 
tho atomic theory, and new fads innumerable in 
connection with gases, .steam, acids, and so forth. 
He and his brother wen* coloiir-hliml. and first 
drew attention to the existence of thi.s physical 
disability, hence its early name -Dnllonism. 

Dante. Durante Alighieri 

b. FloroiK'c, May. 12ft.“i. d. Ruvcinia, Italy, ftvrtcniber 14, 1321. 

Of honourable and ancient lineage, Dante was 
the son of a lawyer, and in his young manhood 
fought with bravery in the wars in which Florence 
was engaged. He attained to honourable office as 
a citizen, an«l successfully di3charg<'d civic func- 
tion.s Hceiningly iiicoinpatihle witli a temperament 
such as his. In tlie struggle of his native state 
to defeat the plan of the i’o|Kj to make Florence 
simply a dependency of the Papacy, Dante took 
an active part. He w'as afterwards st*nt on a 
mission to the Pope, and never t>crmitted to 
return. 'I'ho faction with which he w^as allied 
losing the day, a ba^'less cliargo of p(*culation was 
preferred against him. sentfuice of banishment 
massed, followed later by threat of execution ; this 
atter twice repoahHl. For many years afterwards 
he was a wand4*rer, teacher, and student, acquiring 
that vast store of knowdedge which made him the 
intellectual phenomenon of his age. Florence, 
which he so loved, he never saw again. His 
wanderings ended at Ravenna, and there he died. 
As to the production of hi.s works, no chrono- 
logical record exists; nor does that much matter. 
His Divine Ckimedia” is knowm and loved 
wherever men have a written language. Danto 
avo Italy a language and a literature. It has 
een said, “ God created Dante and Italian litera- 
ture together.” He began his great work in 
Latin, but abandoned the project, as Shelley has 
said, ** to create a language, in itself music and 
persuasion, out of chaos and inharmonious 
barbarisms.” ,The Beatrice' of his dreams was 
Beatrice Portinari, whom he met when ho was a 
child of nine, and she a few months younger. 
His passion for her was idyllic. She was married 
at the age of twenty, and died four years later; 
and some years afterwards Dante himself married 
a Florentine lady, by whom he had several chil- 
dren. She remained in Florence after his banish- 
ment ; but when, later, sentence of death was* 
passed upon her sons with their father, she joined 
the po<it in exile. 

Dat^vln. CharlM Robert 

b. BbrewRbnry, February 12, 1800. d. Down, Kent;. April 19, 1802« 

Antioij^ted to a certain extent by his grand- 
father Erasmus Darwin, the founder of tho 
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Darwinian theory of evolution, raised the crude 
hypotheses of . others to a verifiable theory. 
AltRough he was destined for the Church, he was 
a “ born ** biologist, and the happy ohanoe by 
which he was able to accompany the Beagle 
on her scientific survey gave him several years in 
which to collect data as to the flora and fauna of 
many lands. When afterwards ho settled down 
to country life in England, he was able to turn 
this knowledge to profitable account in his famous 
“Origrin of Species.” He devoted years to the 
compilation of the work, and, as it was, had to be 
hastened by his friends into publication 1^ the 
remarkable discovery tliat Dr. Alfred Russel 
Wallace was working alon^ linos similar to his 
own, to the same goal of discovery. Wallace sent 
his paper on the subject to Darwin, and the latter 
was prevailed upon to read, with this, one of his 
own prepared a year earlier, before the Liniiean 
Society, Ilia theory provoked fierce controversy 
throughout Europe, but to-day is the scientific 
gospel of the biologist. 

Davy, Sir Humphry 

to. Pcujtauoe, iKM euiljti* 17. 177K. cl. Uouevu, May aa, Wift. 

Countless thousands — the perils of whose occu- 
pations have been le.ss<m<id by tlie use of the safety- 
lamp in mines - think only of Sir Humphry Davy 
as the inventor of that mechanism. Ilis contri- 
butions to ficienoo, howeviu*, were many and im- 
portant. He discovered the use of nitrous oxide, 
and by previously unknown [irooesaes proved the 
existence of numerous metals- jK)tassium, sodium, 
magnesium, calcium, strontiuin, and barium. His 
researches had highly important results upon 
agriculture, w'hilo his noble work was of in- 
estimable value in far advancing the outposts of 
the scientific knowledge of the p<»riod. He was 
the son of a wocid -carver, and began life as a 
surgeon’s a|)prenticc. 

Defoe, Daniel 

to. Ixiiidon, 1659 («). <1, J..11H1U11, Ai»rU i», 1781. 

The father of Defoe was a but<!her, and lived in 
the parish of St. Giles, Cripplegatc. His son 
received a sound, middle-class education, which 
the industry of the youth vastly improved. In 
business ^ Defoe failed as a hosier and as a potter. 
In politics he was not more to bo applauded. 
Many of his writings were political ; but that by 
which he will always be nmiemberod is “ Robinson 
Crusoe,” a work suggested by the adventures of 
Alexander Selkirk, a marooned sailor. The story 
is, of course, the creation of Dcfoii’s own brain, 
but it is a masterpiece of realism, and of simple 
yet elegant English. 

Democritus 

b. Abdera, Thriirc, 460 B.f. «!. aUjut 057 or :{76 ».v. 

“The laughing jdiilosoplior,” as he is called, 
was a man of noblest mind, stored with all the 
learning of his age. He travelled to wherever 
knowledge \yas to be gained. Fragments of his 
writings wdmsh remain show him to have been 
another Aristotle. His eximsitioii of the atomic 
theory has l>o<’n substantially confirmed in suc- 
tjessive eras. 

Demosthenes 

•b, Pamnia. Oreow, 884 jj.r. d. Caluiinda, (JriT»-r, 0«-t»>U‘r 12, ;?J2 «.ii. 

Statesman and patriot, Demosthenes was de- 
frauded while a imuor of the greater part of his 
estate. To recover his possessions, lie studied 
law, and bi^came a lawyer and the greatest orator 
of all time. His “ Philippics ” were speeches 
against the encroachment of Philip of Macedon 
upon Greece. Philip’s attack upon the State of 
Olynthus called forth the “ Olynthiacs ” of 
Demosthenes. Perhaps the greatest triumph of 
his oratory was when he confronted the ambassa- 
dors of Philip, and in a great speech induced 
them to join with Athens against Philip. Very 
famous, too, is his speech delivered to clear him- 
eelf of the charge of peculation. Success crowned 


tlio arms of Philip and his great son Alexander; 
but when the latter was dead, Demosthenea 
headed another revolt, and, being captured by his 
enemies, took poison. 

Deacartea, Rene 

b. lA Haye. b'raiice, Maioh 31 , 1396. il. .sti>4 klioliu, Swetlen, Feb. 11, ISoa 

The father of modern philosophy was educated 
by Jesuits, but came to the conclusion that he 
must forget all ho had learnt, and instruct himself 
from the book of knowhidge — the world itself. 
He became a soldier, and fought in several 
battles; then travelled far, settling eventually in 
Holland, where for twenty years he studied and 
wrote. Finally he returned to Stockholm, whore 
he died. He established philosophy upon a new 
and surer foundation, and presented an entirely 
new basis for the study of mathematics. 

Dewar, Professor Sir James 

b. KluciinHiifj-oii-Furth, Heptmnber *2«>. 1842. 

A. chemist of world-wide repute, he is the co- 
inventor of cordite, and was the first to obtain 
liquid and solid hydrogen. He has been President 
of the British Association, and the recipient of 
innumerable degrees and diplomas. 

Dias, President PorHrio 

b. Oaxaua, Mexico, Bopluutber 15, 

The man who has “made ” Mexico was intended 
by his par<’Uts to enter the Church, but he chose 
the sword, and plied it with deadly effect during 
those stormy days which followed the witbdrawM 
of the French troops. He has twicie been taken 
prisoner when engaged in revolutionary fighting, 
and had the narrowest escapes of death. But, 
fighting his way to the Presidency, he has re- 
mained there term after term, to suppress the 
revolt, disorder, bloodshed, and dishonesty which 
ho found, and substitulio peace and order, good 
government, commercial prosperity, and security. 
He has mado Mexico thr model nation of South 
America. 

Dickens, Charles 

b. near FortiiniuuUi, K«b. 7, 1812. d. Oadithill, near Koclxcster, Jtine 9, 187a 

“Mr. Micawlx'r” is Dickens’s own father, 
which helps us to realise how the son regarded 
his parent. He was a tliriftless, helpless man, 
first a clerk in the Navy pay-office at Portsmouth, 
and years afterwards a Parliamentary reporter. 
The novelist had but a meagre education, but 
reail eagerly all the Imoks upon which ho could 
lay hands. When his father lost his situation at 
Portsmouth, the family lived in ]x>vorty in Lon- 
don, and Dickens was compelled to work in a 
blacking factory, where, for six shillings a week, 
he pasted labels on the j)ots of blacking. From 
this ho passed to a further spell of schooling, th4n 
had some experience in a lawyer’s office, and 
finally entered journalism as a reixirtor of Parlia- 
mentary proceedings. Collecting some articles 
which he had written, he published them in book- 
form 08 “ Sketches by Boz.” This attracted the 
attention of a writer, who was able to recommend 
him to Messrs, (chapman & Hall when the 
latter contemplated starting a serial story to run 
with the illustrations to be ilrawn by Seymour, the 
artist. “Pickwick PaiM'rs,” which began to 
aiqx'ar in 1836, when Dickens was twenty-four, 
was the result. Suew'ss was as.sured after the first 
few instalmonts had appeared. Now fairly 
launched, he wrote “Oliver Twist,” “Nicholas 
Nickloby,” “ Master Humphrey’s Clock,” “The 
Old Curiosity Shop,” and “ Barnaby Rudge,” in 
rapid succession. He was famous throughout the 
English-speaking world by the time he had 
reached the ago of thirty. Thereafter his popu- 
larity suffered a temporary decline, and it was 
bt'cause he was in debt that he went to (^moa to 
finish “ Chuzzlewit,” and afterwards applied un- 
successfully for the position of stipendiary magis- 
trate in London. Upon the “Daily News” being 
established, Dickens was appointed editor, but 

19 



THB WORLD'S QRBAT MSN 

Boon i-elinquished the post to start a paper of his 
own. The stage had always an attraotioii for 
him, and this, as well as the prospect of great 
pecuniary gain, had much to do with his under- 
taking his famous readings. These* succeeded 
beyond his wildest hopes in this country and in 
America, which latter country he visited for the 
second time when over fifty. He made great 
sums by his platform work ; but the excitcinent 
and strain were too heavy a tax upon his energies, 
and he died suddenly at Gadshill, the home with 
which he had fallen in love as a youth, and lx)ught 
as a man. Dickens's married life was not happy, 
and he and his wife separated twelve years before 
his death. They had seven sons and three 
daughters. 

Diderot, Denis 

b. Liuijn^, Fmuce, Outoln-r li, ITl.’l. d. Parln, July ao. 17S4. 

Diderot’s forefathers had for generations been 
working cutlers, and he, receiving a classical 
education, was the first to break away from tin* 
fraily habit. His father thereupon discarded 
him, and ho set to work to maintain himself by 
his pen. He undertook, with D’Alembert, an 
encyclopaedia, and for this gathered about him 
all the greatest writers of France. But the 
philosophy of the authors W'as too revolutionary 
for the official public taste, and again and again 
Diderot was in danger of imprisonment. The sale 
was more than once jirohibited. and D*Aleml»ert 
threw up the work in desfiair. Diderot continued 
bravely at his task, though it took him twenty 
years to complete it. He enriched French litera- 
ture in many ways, and gave a groat impulse to 
intellectual progress, 

Diophantus 

LivL*^] about 275 A.n. 

The writer of the earliest extant treatise on 
algebra. Diophantus is not clearly to be traced in 
any records giving data concerning his birth and 
death. He lived at Alexandria in the third or 
fourth century, and wrote three works Arith- 
metics ” (six of the thirteen l»ooks lacing extant), 
“Polygonal Numbers.'’ and “ Porisms.” Algebra 
was diligently studied in the great days of the 
Arabian school of learning, but it is believed that 
the principles of the science were not known before 
the day of Diophantus. Even if thev were so, 
however, he vastly enriched it. The famous 
Hypatia wrote a commentary on his works, but 
this, unfortunately, is not now in existence. 

Disraeli, Benjamin, Lord Beaconafleld 

b. Loudon, I>eceial>er *21, ISoj, «l. I/*ndnii. Api-U U*, 

The son of a Jew, Isaac Disraeli, the distin- 
guished man of lett<*rs, Benjamin umh*rwcnt as a 
child the peculiar rites which made him a member 
of the Jewish community, but at the age of twelve 
was baptised at St. Andrew’s, Ilolborn. Having 
established a reputation with one or two political 
nowls, he travelled, then returned, to stand for 
Wycombe as an advanced Radical, but was not 
elected until 1837, when Maidstone chose him. 
He was now a Tory, and assiduously courted the 
favour of Petd, but, not winning the r<*cognitioji 
he had expected, turned upon and helped to defeat 
him. Hitnerto regarded as a needy adventurer, 
he now rapidly rose to power -became Chancellor 
of the Exchequer, and tw’ice Prime Minister. He 
carried a democratic Reform Bill, abolish(*d 
Church patronage in Scotland, laistow'ed upon the 
Queen the title Empress of India, did a good 
stroke for his country in acquiring the Suez Canal 
shares, and embarked unon an Imperial policy 
as to the wisdom of whicn politicians differ. To 
those of his own jmrty he appeared a man of 
inspiration, of lofty ambitions, and exalted 
instincts; to his opjwncnts, an unscrupulous, un- 
truthful man, gre<^dy of power, and prepared 
by any means to gain it. Disliked and distrusted 
at first by Queen Victoria, he became in time her 
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most trusted counsellor. She made hii wife — ib 
w'ealthy w’idow, whom he, when thirty-five, had 
married when she w'as fifty-six — a viscountess,* and 
in 1876 conferred upon him an earldom. 

Dollond* John 

b. London, June 10, ITOli. d. Louduu, November DO, IWl - 

The inventor of the achromatic tolcscmie was 
the son of silk weavers, who had fled to England 
on the revocation of the Edict of Nantes. He 
learned his parents’ trade, and was compelled, by 
the early death of his father, to forgo any ordi- 
nary education. But ho denied himsmf sleep that 
he might study, and acquired languages and 
scientific knowledge with extraordinary facility. 
It was not, however, until he had a grown-up son 
that he forsook silk-weaving to apply himself 
practically to optics and invent the telescope, by 
which he is rendered for ever famous. After his 
death a curious fact was established, Dollond's 
discovery had been anticipated by thirty years. 
Another student had produced an achromatic 
telescoiH*. Thi.s W'as clearly established in evi- 
dence upon trial, but the court held that the 
Dollonds' rights had bt'cn invaded when the 
earlier instrument was now placed upon th<* 
market. Hall, the other inventor, had “confined 
the discovery to his closet, and the public were 
not acquainted w’ith it, and Dollond was to btr 
considered the inventor.” The lesson from this 
decision, which still holds good in law, is obvious. 

Dry den, John 

V*. AUlwiiikU*, Nortlmiilti, August b, <1. Ixnulyu, May 1, 1700. 

A son of the parsonage. Drydtui was first sent 
to Westminster, then to Cambridge, and entered 
upon his career as a sturdy I’arliamentarian. 
He became eventually a cjonvcrt to th<* 
Royalist side, and was Boot Laureate and 
Historiographer Royal, and at fifty-five* seceded to 
the Roman Catholic Church. ’J’ho sincerity of 
thib conversion, coming witli the accession of 
James 11.. has lx*eii irnpugnwl ; but it seems to 
have iK'cn one of conviction, for wdion the Revo- 
lution was effected Drydcn declined to take the- 
oafh. though his refusal cost him all hope of 
official emolument. lie wrote his many plays 
solely for jirofit. Ilis critical work, his poems, 
anel his .satire's, were dearer to his heart, and among 
the finest works in the language. Ilis translations, 
too. were aelmirable. He was a great master of 
pure English— bold, vigorous, original, with a 
perfect ear for the melody of language— anel 
wrought u revolution in prose and versification. 

Dumas, Alexandre 

b. \ ilUvrsCotU rCts, Fninn-, July ‘24, IWU. il. PuyB, Fmiico, Dec. C, 1«7<>. 

His father, (lerieral Alexandre Davy de la 
Pailletrie Dumas, w^as a famous soldier, son of a 
inureiuis anel a Haytian iie'gress named Dumas. 
The iioveli.st and iilaywright had for his mother 
the daughter of a tavern-kociier. He was first 
a clerk, but devoted some years to study, with a 
view te> a literary career. ()nce3 launched upon 
the sea of lette^rs, his out]mt was little short of 
marvellous. “The Three Musketeers,” “The 
Black Tulin,” and “ Monte Christo,” and other 
Avorks V»y wnich he is rendered famous throughout 
the world, w'cre only items in an unparalhded 
flood of books. He was a terrible plagiarist -put 
his name to other men’s work, and is even said 
to have contemplated issuing as his own story a 
prose version of part of Homer. He had nearly 
five score men as collaborators at one time and 
another during his career. Tliey supplied plots 
and descriptions, but Dumas put magic into the 
scenes, and breathed life into the figures. 

Edison* Thomas Alvs 

b, MUiiu, Ohl(», U.fl.A.. Vebruiiry 11, 1847. 

One* of the most striking examples of what can 
be achieved when genius is supported by courage 
and determination, Edison’s career was for years 
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a stfti^gle against diaadvantages. He had little 
education^ and when twelve years of age was 
turned out to earn his living as a newspaper*»eller 
on a railway. He managed to set up a small 
printing-press on board a train, and to edit and 
print, and sell his own paper. In his spare 
moments he studied chemistry, and persuaded a 
telegraph-operator to teach him telegraphy. 
This led to his first invention, the duplex tele- 
graph, by means of which messages can be sent 
from one wire to another without the aid of the 
operator. The printing telegraph machine fol- 
lowed, and after that, patent upon patent, the 
carbon telephone-transmitter, the microtasimeter, 
the aerophone, the megaphone, the phonograph, 
the incandescent lamp, and electrical appHanoes 
innumerable. The incandescent arc lamp he in- 
vented to suit his own wants. He could not get 
sufficient light to carry out the work upon which 
ho was engaged, and never rested until he had 
devised his new method of illumination. 

Elgar, Sir Edward 

b. BroadhMith. Worceitenhlr«. Jiuiu 2, 1867. 

The greatest living English oomxxiser is an 
< iitirely self-taught man. His father was an 
organist, but Sir Edward cannot remember ever 
having a music lesson. For twenty years ho 
studh'd and composed without recognition, but 
since then he has gained the highest honours in 
England and on the Continent, and is regarded 
not inerely as the greatest master of English 
music, but as the foremost composer of the age. 

Eliot, George 

b. vmt Nuiieaiuii, W&rkit, Nor. 22, 1812. d. Ohelwm, 1)<^. 22, 18SU. 

One of the greatest novelists produced by Eng- 
land, “George Eliot” was in private life Mary 
Ann Evans, youngest daughter of a carpenter, 
turned land-agent. She received a sound educa- 
tion, and when her school-days proper were ended 
had lessons in German, Italian, and music. 
Her first literary effort was a translation of 
Strauss’s “Leben Jesu,” and this brought her in 
touch with the editor of the “Westminster 
Review,” whom, after she had visited the Conti- 
nent, she ioined as assistant editor. She lived 
with the chapmans, and there met all the literary 
lions of the ijeriod. Among them was George 
Henry Lewes, to whom she was introduced by 
Herbert Spenoer. Lewes was married, but 
separated from his wife. The friendship of the 
young xieople ripened into affection, and they 
agreed to set convention at defiance. They lived 
together as man and wife until Lewes died. Her 
first effort in fiction, undertaken at the suggestion 
of Lewes, appeared in a magazine, under the 
pseudonym which she afterwards retained. Its 
success encouraged her to write “Adam Bede,” 
which won for her an immense triumph. “The 
Mill on the Floss,” “ Silas Marner,” and 
“ Romola ” followed, each gaining for her new 
laurels, but each making her writing more than 
ever a matter of anxiety. Towards uie close her 
work suffered from over-elaboration, and too great 
care. Nevertheless, “ Middlemaroh ” is con- 
sidered by some her best work, even though one 
authority declared “Adam Bede” the “finest 
thing since Shakespeare.” She wrote some poems, 
but it is as a novelist that George Eliot will 
always be remembered. Two 3r<^r8 after the 
death of Lewes she married his and her old 
friend, Mr. John Cross, who afterwards wrote her 
life. She died the same year. ^ Mr. Swinburne 
has said of her: “In Geor^ Eliot it is the most 
vivid and vital impulse which lends to her large 
intelligence the utmost it ever has of the spiritual 
breath and living blood of genius, and never had 
anyone such gift more plainly and immediately as 
from the very heart of neaven.” 


Elisabeth, Queen 

b. Oreeiiwioh Phlaoe, 8«pt. 7, 1638. d. Blobmond, Murdi S4, 10S8. 

It was the happy fortune of Queen Elizabeth to 
be born in an ago of great me^ an era which 
knew Shakespeare, and Spenser, Sidney, Raleigh, 
Howard, Drake, Hawkins, and the illustrious 
Lord Burghley. With skilful counsellors about 
her, and valiant men to do her bidding, she, with 
her “ King’s heart, the heart of a King of Eng- 
land,” as she said, was bound to rank high in the 
roll of British sovereigns. Her early days were 
si:>ent in obscurity. The daughter of Henry VIII. 

his second wife, she was declared illegitimate. 
When her half-sister Mary ascended the throne she 
was subjected to close confinement, being suspected 
of complicity in Protestant conspiracies. Called 
eventually to the throne, she tooK the most im- 
portant step of her life when she declared for a 
Protestant England, and refused the hand of 
Philip of Spain. Mary Queen of Soots was the 
centre of innumerable plots, and Elizabeth had her 
imprisoned, and, in the end, ex^uted. This act 
was made the pretext for invasion by Philip of 
»pain ; and the destruction of “the invincible 
Armada ” was the result. English influence was 
vastly extended in Europe by Elizabeth, who made 
her country a world jwwer for the first time. Her 
reign was distinguisned for the advancement of 
learning, for the extension of commerce and enter- 
prise, and, most of all, of course, for the establish- 
ing on a firm basis of the ]?rotestant religion. 
Personally, Elizabeth was not an ideal character. 
She was vain and coarse, fickle aiid revengeful. 
She was a king in petticoats, but with the weak- 
nesses of a woman of feeble character. Although 
she was too masterful to admit any special powers 
in Parliament, she prided herself on basing her 
rule on the confidence and affection of the 
people. Deficient in many amiable and moral 
qualities, she yet proved herself one of the greatest 
of sovereigns. 

Emerson, Ralph Waldo 

b. Boston, Maaii., May 25, IblK). d. Concord, Mws., April 27. ISSi^ 

“The Buddha of the West,” as a distinguished 
admirer has called him, was for a few years a 
Unitarian minister at Boston. The views of his 
congregation not according with his own, he 
quitted the pulpit, to be henceforth known as 
lecturer, essayist, and poet. His works, which are 
as widely read in the Old World as the New, are 
an unfailing inspiration to the thoughtful. He 
wa.^ an idealist, an invincible optimist, and in 
religion a rationalist. Twice he visited England, 
and on the second occasion delivered a notable 
.series of lectures on “Representative Men.” His 
friendship with Carlyle dates from his first arrival 
in England. Emerson was twice married. 

Empedocles 

b. AgTiK*iittuii.. Sicily, 600 b.u <1. Sicily, aluiut 4.S0 B.a 

Sufficient is now known of the life of this famous 
Sicilian philosopher and physician to dispose of 
the story that he threw himself intb the crater of 
Etna. His fame and liberality were such that the 
people wished to make him king. This offer he 
declined, and established instead a democracy. 
His philosophy embodied the belief that the world 
was evolved from fire, air, water, and earth, and 
that the reverse process of dissolution proceeded 
under the varying struggle between forces termed 
affinity and antipathy. 

EnoKe, Johann Frans 

b. Hamburg. 0«rmaay, 23, 1781. d. Rpandau, PnisslB, Aug. 80, 1866. 

Faitied for his investigations as to the comet now 
named after him, Encke, who was a soldier before 
turning to astronomy, solved the problem of the 
sun’s Qistanoo. He studied at Gottingen, and was 
successively astronomer at Se^berg and director 
of the Berlin Observatory. 
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Ennius, Quintus 

h. Budla, CslsbrU, 'JOO m. 0 , d. Rotae, 160 ».o. 

He was the pioneer of literature representative 
of Rome. A soldier, he returned from the wars 
under the patronage of Cato the Elder, through 
whose in&uenoo Ennius, believed to be of Greek 
extriwtion,^ was made a Roman citizen. He taught 


Erasmus. Deslderius 

b. BottenUm, HcUMid. Ort. 98, 1466. d. B«ael. Swltieriiuid. July 19. IfiiNi. 

The father of Erasmus was the hero of Charles 
Reade’s “ Cloister and the Hearth,” and the philoso- 
pher’s real name was Gerrit Gerritszoon. The 
two terms which he adopted— the first Greek, the 
second Latin — have the same meaning — “ the de- 


Cambrai, who . _ _ _ _ 

Thereafter he travelled throughout Europe, was 
released from his monastic vow, and for some 
jears held a professorship at Cambridge Uni- 
versity. He was forty-nine when his great work 
the first edition of the New Testament in Greek — 
was published. His original writings, wise and 
witty, came afterwards. Although he exposed the 
abuses of the Catholic Church, he would not take 
any share in the Reformation, and would have been 
made a cardinal had not death ]irevented it. 

Ericcaon, John 

b. Venulaod, SwMlni, July iU, lS0:i. d. New York. Maruh 8. ISSii. 

A born inventor, who before he was nine hatl 
constructed, a working model of a water-|)ower 
sawmill, Ericcson was oompelled to waste several 
years of his life in the Swedish army. All his 
leisure was devoted to plannir^ mechanical cxnt- 
trivanoes, and upon coming to England he built a 
steam-engine to compete against Stephenson’s 
famous “ Rocket.” Ericcson’s ideas were ahead 
of the times. His steam fire-engine was rendered 
a failure by popular prejudice and ignorance; 
while the story of hie efforts to induce the 
Admiralty to test his screw' prov>eller for steam- 
ships is historic. He designed the first vessel 
driven in this manner across the Atlantic, and 
himself took up his residence in America, where 
the reception of his schemes was scarcely more 
friendlv than had been the case in England. ^ In 
spite of all obstacles, ho conifiletely revolutionised 
marine navigation and the building of warships. 
From his schemes endless achievements have re- 
sulted, while the inventions which he carried to 
perfection serve still as finger-posts for others’ 
guidance. 

Euclid 

b. AlexarulriH, about 900 ».v. d. Alexandria, date uukuown. 

Beyond the fact that he flourished in Alexandria 
under the first of the Ptolemies, about 300 B.C., 
dates as to the career of this famous mathema- 
tician are not available. It is believed that he 
founded the great mathematical school of Alex- 
andria, so performing a service of prime import- 
ance to the cause of exact science. His chief work 
extant is the “Elements,” which to this day con- 
tinues the textbook for elementary geometry in 
the United Kingdom. He did not invent the 
system to which his name is given. He compiled, 
arranged, and permanently recorded known 
mathematical truths. 

Eurlpidea 

b. Sabunix, Greece, 480 ii.o. d. Mauedouia, 406 B.c. 

The last of the Greek tragedians, and the model 
upon whose style the modem French and Italian 
drama is fashioned, was born when heroic history 
was being made by Greece. He did not oatoh the 
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martial spirit of the age, but passed his youth in 
study, 1^ became a poet, philosopher, '^and 
dramatist of infinite power ana passion, and of 
inexhaustible love for the weak and suffering. 
Of his eighty plays, eighteen are preserved. 

Ejrck, Jan Van 

b. MMieyok, Pnuuil*, about 1890. d. BnigM, Tflrndm, July 0, 1440. 


^stem of mixinj^ colours with oils for painting. 
The brothers painted together as a rule. Their 
greatest work the altar-piece for the cathedral at 
Ghent — was one of their joint efforts. In the 
National Gallery, London, are fine examples of 
Jan’s individual work. 

Fahrenheit, Gabriel Daniel 

b. Duktsto, ProMia, May 14. 1666. d. Hollaud, Sept. 16, 17(6. 


8paoe ueiween mis poini; ana mac co wnion me 
mercury rose at the temperature of boilm^ water 


Faraday, Michael 

b. Loudoit, Sept. 98, 1791. il. Hampton Oourt, Auif. 9S, 1867. 

Newington Butts was the birthplace of Faraday; 
a blacksmith, his father. He received but a scanty 
.schooling, and owed to an accident his chance of 
winning success in life, lie was apprenticed to a 
bookbinder, one of whose customers, attract<;d by 
the intelligenoe of the apprentice, gave him four 
tickets for Sir Humphry Davy’s lectures at the 
Royal Institution. Of this opening Faraday took 
suen advantage that Davy, reading his notes on 
the lectures, appointed him his assistant and 
amanuensis, and took him for a tour on the 
Continent. Later, Faraday was appointed pro- 
fessor of chemistry at the Royal Institution, and 
for the rest of his days devoted himself to scien- 
tific research. His discoveries covered the whole 
field of magnetism, diamagnetism, electro- 
magnetism, ana electricity proper. He elucidated 
the application of induced electricity to light- 
houses, the firing of mines, telegraphy, and the 
magnetic currents of the earth. Within the space 
at command it is impossible even to indicate the 
number and scope of his diswveries of first im- 
portance. His lectures were famous, his writings 
models of lucidity and pure English. Few great 
men have received a more slender educational 
equipment, but none has eclipsed the importance 
and varied character of his investigations. 

Fawcett, Henry 

r>. SalUtiury, Auf. 96. 1838. <i. Ckiiiibridge. Not. 6. 1884. 

Fawcett’s life-story is another exemplification of 
the fact that will is greater than physical faculties. 
He was blinded when a youth by a shot from his 
father’s rifle, but bravely bore his handicap, be- 
came a mem^r of Parliament, and as Postmaster- 
General gave us the parcel post, postal orders, and 
the sixpenny telegram. 

Farguaon, Jamaa 

b. Keith, Buiflkhixe, April 9fi. 1710. d. Loiuloii, Nov. IT, 1776. 

The man who, by his lectures and writings, 
and still more by his mechanical aj^lianoes, did 
much to popularise astronomy in England, was 
almost wlmlly self-taught. He learned to read 
from hearing his father teaching his brother. He 
gained his nrst idea of mechanics by seeing his 
father plying the lever. While working as a 
shepherd boy he made models of mills and other 
machines, and at night studied the stars, and 
planned the heavens with beads strung upon 
threads. For some years he was able to maintain 
his family by painting miniature portraits. 
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Flchtot Johann Gottllob 

IUuij«ti«uni. Qentuniy, Hay 19, ITd. d. Berlin, Jeu, 27, 1814. 

A 8on of ixior parents, Fichte lacked the means 
to qualify for the Church, so took service as a 
tutor until he could afford to devote himself whole' 
heartedly to the teaching of Kant. He published 
an essay which was mistaken as being from the pen 
of that philosopher, and this proved the making 
of the younger man’s reputation. He was ap- 
pointed professor of philosophy at Jena, and there 
remained until he was falsely charged with 
Atheism. He removed to Berlin, whore he lec- 
tured and wrote, Napoleon’s great victories over 
Uie Grermans called forth Fichte’s famous Ad- 
dresses to the German nation, in which he pointed 
out that the true way to national regeneration 
lay in a system of public jeducation. After the 
war Fichte was invited bv the king to draw up a 
constitution for a new university, and became its 
first rector. He died of fever, contracted through 
nursing his wife, who had herself taken it while 
tending the wounded German ^ol(^iers, of which 
the Berlin hospitals were full. 

Fielding, H^nry 

b. OlMtuiibury, Homew^t, April 22. 1707. d. Oct. 8, 1754. 

“The father of the English novel” was the son 
of a general, and half-brother of Sir John 
Fielding, the famous blind magistrate of Bow 
Street. He became a theatre proprietor, but, his 
bold attack upon the ministry of the day led to 
his being driven out of this venture. He was 
called to the Bar, hut turned tii literature, to 
write the novels which have made him immortal. 

Finaen, Nlela Ryberg 

b. h’lti'tie l«)ikiid«, Dfuiuark, 1861. d. Copfiulxtigeii, S«pt. *24, 1904. 

Crowned by the discovery of the application of 
light to the cure of disease, Finsen’.s career was 
one long battle against disease. Twi'iity years 
Udore the end came he knew that he was a 
doomed man, yet sought the physical salvation of 
others, though he knew that nis own life was 
ebbing away. His famous light cure for lupus 
was first made popularly known in England 
through the wisaom and goo<]nes8 of Queen 
Alexandra. 

Flaxman, Joba 

b. York, July 6, 1755. d. London, Dec. 7, 1826. 

Destined to rank at the head of English 
sculptors for inventive power, controlled by un- 
erring sense of beauty, Flaxman was the son of 
people in the poorest* circurnstances. himself 
was seriously deformed. His genius discovered 
itself when hi; was engaged by the Wedgwoods to 
draw designs for their pottery. He taught him- 
self Latin and Greek enough to <>nablo him to 
read the poets, and speYit seven years in Italy, 
where he executed numerous classical groups and 
drew illustrations for Homer. From his return 
to England to the end of his days he was engaged 
upon monumental sculpture, though he found 
time to discharge the duties of prob’^sor of sculp- 
ture to the Royal Academy. 

Fo-HI 

flonrinhpd about 9400 B.O. d. Chiii4lhoa 

China gets her political and social system from 
Fo-Bb, who is supposed to have lived in the 
twenty-fourth century before the Christian era. 
Marriage, the division of time and of seasons, 
the calendar, the use of metals and minerals, of 
buildin|^, fishing, and hunting, are among the 
institutions said to have been originated by this 
representative of the founders of the oldest known 
civilisation 

Fox, Cbarloa Jamoa 

b. Ltiiidoii, Jan. 94, 1749. d. Ohlmrlck, Middlenejc, 8«fpt. 13, 1808. 

“ The greatest debater the world ever saw ” was 
Burke’s doacription of Fox. He was the third eon 
of the first Lord Holland. In Parliament he 
opposed the coercion of our American colbnists 


and the war with France. Although Geo^e 111. 
cordially disliked him, he was twice Foreign 
Secretary. He was engaged upon a bill for the 
abolition of slavery when laid low by death. 
Fox’s private life was deplorable. 

Fox, George 

b. Fenny Draytou, Lficeiitenlilre, July 1824. d. London, Jan. IS, 1691. 

The founder of the Society of Friends, or 
Quakers, was a worthy itinerary preacher who, the 
son of a wraver, served an apprenticeship to boot- 
making. His outspoken denunciation of forms of 
worship of whiifh he did not approve caused him 
to be the victim of repeated persecution and im- 
prisonment. But he made converts wherever he 
appeared, and they suffered with him. During 
the latter part of his career he was accompanied 
by Penn, and visited, among other places, America 
and Holland. 

Francis, St., of Aaaiai 

b. Italy, 1182. d. Amltl, Italy, Oct. 4. 1296. 

His surname was B<^rnurdone. A serious illness 
turned him from a life of profligacy to that of an 
ascetic, vowed to chastity and poverty. He 
gathered about him others who subscribed to the 
conditions, and founded the famous Franciscan 
brotherhood. After a visit to Egypt, where he 
preached before* the* Sultan, and obtained for his 
order the guardianship of the Holy Sepulchre, he 
retired to a hermit's cell, where tradition alleges 
be received upon his own yierson the wounds of 
the Saviour. He was canonised two years after 
death. 

Franklin, Benjamin 

b. Btifttoii. Haw.. Jan. 17. 1706. d. Fbiladelpbl*, April 17, 1790. 

The man who, by a novel exjieriment, was 
to discover that lightning and electricity are 
identical, to establish the distinction between 
positive and negative electricity, and achieve 
other scientific triumphs, bi*gan ms career as a 
“ printer’s devil ” in the newspaper office of one 
of his brothers. His life was amazingly active. 
Ho set up a press of his own in Philadelphia after 
haying worked for eighteen months in a London 
priming - office, published with unprecedented 
success “Poor Richard’s Almanack.” returned to 
England on a diplomatic mission, and was 
honoured by scientific bodies and both Universi- 
ties. While carrying on his business as a news- 
paper proprietor he discharged more or less im- 
IKirtant^ offices under Government, and at the 
same time conducted scientific investigations as 
to tides, meteorology, and colours. Prior to the 
War of Independence he came again to England, 
in the hope of securing the rights of his fellow 
colonists. Failing, he returned, took an active 
part in preparing the Declaration of Inde- 
pendence, then proceeded to Paris, and negotiated 
a treaty whereby France recognised the new 
Republic and lent armed assistance. Eventually 
he opened a correspondence with England whicn 
paved the. way to peace. Thereafter he was 
American Ambassador to France, and subse- 
quently filled various offices at home, One of the 
most completely successful men of any age in all 
the branches of activity in which he engaged, 
Franklin left behind him writings which to this 
day continue to bo read by every nation which 
has a written language. 

Franklin, Sir John 

b. BpUiby, Lines., April 16, 1786. <1. King WilUsm's Lnitd, June 11, 1847. 

He discovered the North-west Passage, but 
died, probably starved to death, in the scene of his 
triumph. After serving at the Battle of Copen- 
hagen and at Trafalgar, and mapping parts of th<> 
coast of Australii^ he twice commanded Arctic 
exploring expeditions, and received honourable 
reward for successes gained. For seven years he was 
governor of Van Diemen’s Land (Tasmania). On 
May 18th, 1845, he sailed in command of the two 
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Govornment ships Erebus and Terror, and never 
returned. In the twelve years following his 
departure thirty-ninb relief expeditions were sent 
out by England and America. The last — one of 
five despatched by his widow— discovered all that 
there was to be learned. The nart^ had suffered 
frightful privations, and had all died. A memo- 
randum was found giving the date of Sir John's 
death. Some of the victims had resorted to 
cannibalism in their agony of starvation. 

Fraunhofer. Joseph Ton 

b. Stimiibinr BArarl». Mainh S, 1787. d. Mmilch, June 7. IftS. 

A skilled optician, who did much to improve 
the telescope and other optical instruments, he is 
chiefly famous as the discoverer of the dark lines 
in the sun’s spectrum, named, in his honour, 
“ Fraunhofer’s lines.” 

Frederick 11.. The Great 

b. Berlin, Jan. ‘J4. 171*2. d. Saiw Souul. Potsdato, Aug. 17, 1706. 

When Frederick came to the throne of Prussia, 
Germany was loosely ruled by some three hun- 
dred men of different titles. There was no 
cohesion or national spirit, so when the Emperor 
Charles VI. of Germany died, and the validity of 
his daughter's succession was impugned, Frederick 
determined to take Silesia, part of which had 
anciently belonged to Prussia. The number of 
his people was inconsiderable —only half that of 
London— 4iut he had a highly-organised army of 
eighty thousand men and a well-flllod treasury. 
He was everywhere successful, and added Silesia 
to his own dominions. An alliance which he had 
concluded with France and Bavaria was now 
terminated, but he was afterwards forced to 
renew this and to enter upon a eocond war. His 
third and last war was the greatest and most 
terrible. Allied against him wore France, 
Austria, and Russia, an unparalleled combina- 
tion. England had b<H*ii helping him with 
subsidies, but this source of revenue wets stopiied. 
What would have han{)en<*d had not the Empress 
of Russia died, and the course of events b^ui thu.s 
unext>ectedly altered, it is diflicult to imagine. 
He had fought with magnificent skill and courage, 
but the odds had become overwhelming. Still, he 
had not allowed his country to incur one i^enny 
of debt, though the land had been reduced almost 
to starvation. The latter part of his reign was 
^nt in peace. He added a part of Polish 
Prussia to his doininipns, and he retained Silesia. 
For the rest, ho was happiest when promoting the 
educational and material interests of his people. 
He loved literature and the arts. He was a friend 
of Voltaire, and had him for some time at Berlin. 
Frederick deserved the appellation ” The Great.” 
Had not his time been so much occupied with 
wars, he would have proved a still greater man. 

FroisMrt. Jean 

b. VH-lrtiAiMitiM, Vratiee. 13S7. d. Chiinay. Hi-lgliiin, ahnnt 1410. 

The chronicler of the knightly doings in Court 
and camp of tho fourteenth century was the son 
of a Flemish painter of armorial pictures. 
Showing aptitude for i>oetry, he attained Court 
favour ana a recommendation to the English 
(;!ourt. where he was patronised by the Queen of 
Edward III. Thus favoured, he mado tours 
throughout this country, and afterwards in Franco, 
Germany, Italy, and Spain, and collected also 
details as to Hur.gary and the Balkan Peninsula. 
His influential introductions and his own pleasant 
bearing and address served to bring him tales of 
chivalry, and of more serious affairs wherever 
dames and knights or squires assembled. He 
ivos us a delightful picture of the Europe he 
new from the third decade to the end of the last 
of the fourteenth century. His poems and 
romances have merit, but the “Chronicles” are 
for all time. 
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Fuller, Thomas 

b. AldwlDklc, NorthaiitM, Jun«. ISOS. d. Londou, Aii«. 16, UMl. 

This witty divine and historian was a son o*f the 
rectory, and as a youth imbibed principles which 
made nim all his life a sturdy Royalist. , He 
suffered for his loyalty, but made good his losses 
at tho Restoration. Of his writings, the most 
famous is his ” fhiglish Worthies,” a posthumous 
publication, to whion he had devoted twenty years’ 
work. It is one of the great classics of the 
language. ” A tithe of liis beauties,” says Cole- 
ridge, speaking of his style, “ would be sold cheap 
for a whole library of our classical writers, from 
Addison to Johnson, and Junius inclusive.” 

Fulton. Robert 

b. LUUo BriUln. F» . ITU. d. New Vork. Keb. 24. ISIA. 

Born of Irish parents, Fulton came to London 
to study portrait painting, but after some years 
devoted himself wnolly to engineering, and was 
the first sucoessfully to apply steam to navigation. 
He had inany disappointments with otheV inven- 
tions, prejudice and ignorance being in alliance 
against him. 

Cabelenta, Hans Conon von der 

b. Altenburg, U«riitany, Oct. IS, 1H07. d. Trlptl*, Oermany, Sept. S, 1874. 

One of the most gifted of philologists, ho wa.s 
master of eighty languages. He wrote upon 
tongues of which previously little had b4*«'n known. 
His son, who outlived him only nineteen years, 
was an accomplished Orientalist. 

Gainsboroush, Thomaa 

b. Budbury, Suffolk, May, ITJn. d. London. AOff. 2, 17W 

In the <?stiiiiati(>n of Ruskin. Gainsborough was 
the greatest colourist since Rubens. The son of a 
wool manufacturer, he showed from the earliest 
age a gift for sketching, and when fourteen was 
sent to London to study. Four years later he re- 
turned to his native place, married a lady with 
means, and sot up a studio as a portrait painter- 
first at Ipswich, tiien at Bath. There he remained 
for fourteen years, painting many fine portraits. 
Removing to London, he became one of the 
founders of the Royal Academy, from which he 
withdrew four years before his death, annoved at 
the position awarded to his picture, “ The king’s 
Daughters.” His works numbered upwards of 
three hundred, of which more than two-thirds 
wore portraits. Gainsborough was a man of im- 
tietuous temperament, but on the whole singularly 
lovable, musical, sociable, generous, loyal. 

Galen, or Clmudiue Galenua 

b. PvrgaiDon, Asia Mluar, ISl a.d. d. Sicily (f), about 200 a.o. 

This celebrated Greek physician and philosopher 
revived the old sy.stematic study of medicine an<l 
surgery, and enriched it with independent re- 
search of inestimable value. He was the standard 
authority and fount of learning to whom 
students turned for tho next twelve centuries. He 
travelled far in quest of knowledge, but was 
driven from Rome by the jealousy of the 
physicians there. Of his treatises, some four score 
remain to us - valueless now in the light of modern 
knowledge, but wonderful records ot the industry 
and talent of a man vastly ahead of his tim^. 

Galileo 

b. tim. Itiny, F*b. 16. 1864. d. ArcotH. Floranoe. Jan.S, 1B4L>. 

Galileo Galilei, the father of physios, was de- 
soended from a noble but impoverished Florentine 
family, originally named Bonajuti. As a child 
he displayed versatile genius in music, in model- 
ling, in painting, and in mechanics. While in his 
youth he invented the first instrument ever de- 
vised for accurately observing phenomena in a 
living organism — a pendulum for recording the 
speed of the pulse. After studying at Pisa 
University, he constructed a thermometer, im- 
proved the telesoofie, and turned it for the first 
time towards the heavens, with the result that he 
discxivered the satellites of Jupiter, proved the 
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^'xistenoe of sun-s^tB, and ^became persuaded of 
the* truth of the Gopernioan theory. He carried 
the subject much farther, ^and, the attention of the 
theologists thus drawn afresh to the matter, the 
works of Copernicus were placed on the Index 
Expurgatorius.'* and Galileo compelled to vow 
that ho would not defend their teaching. Some 
years later his own “ Dialogues of the Two 
Systems ” was published. Thereupon ho was sum- 
moned to Rome, and compelled, under threat of 
death or torture, to sign a formal abjuration of 
the C^ernican doctrine. He yielded, and did 
not suffer the torture commonly believed to have 
been his fate. But his activities were not checked. 
He worked on, even when sight failed him, pre- 
paring the way for Newton and the other giants 
who wore to follow. 

Gall, 'Frans Joseph 

b. Tlefeubronn, Baden. Maroh 9. 17S8. d. near Parle, Avf. 92. 1828. 

Ho is commonly called the founder of phren- 
ology. He never used the latter word ; his 
disciples, who are said to have resembled hini only 
in his mistakes, coined it. Their master did not 
make conformation of the skull the foundation of 
his system. The functions of the brain it^lf were 
his study. Ho was the son of a physician, and 
was prohibited from lecturing in Vienna on bis 
theories, on the ground that thov were subversive 
of religion. Ho lectured through a great part of 
Europe, and became famous as a physician in 
Paris, where his closing years wore passed. 

Gallon, Francis 

b. Birinlnghaiu, 1822. 

A grandson of Erasmus Darwin, and cousin of 
Charles Darwin, he has gained distinction as 
explorer and philosopher. His researches have 
done much to advance the knowledge as to 
heredity. Latterly he has rendered a public 
service by investigations of finger-prints. Hi.s 
calculations go to prove that the chances against 
the impressions made by two different fingers 
resembling each other are one to 64,000,000.000. 
He thus placH‘s at the disposal of the authorities 
a potent means for the detection of criminabs. 

GaWani, Luigi 

b. BoloiftiM, Italy, 8«pt. 9, 1737. d. Bologna, Dec. 4, 179K. 

A noted physician and physicist at Bologna, he 
conducted experiments with metals placed in 
contact with the muscles of dead frogs, and came 
to the conclusion that electricity or iiiagnetisiii was 
an animal product. He was wrong, of course ; 
but he has an important place in the story of 
knowledge, inasmuch as it was his exvieriments 
which gave Volta a clue to the important solutions 
at which he was able to arrive. Galvanism takes 
its name from Galvani. 

Gama, Vasco da 

b. HtikM, Portiigiil, about 1409. d. Cochin, India, Dm. 34, 1S24. 

Charged by his sovereign with the duty of find- 
ing a sea route by way of the Cape to India. 
Da Gama valiantly discharged his mission, estab- 
lished a Portuguese station at Calicut, Malabar, 
and returned. A succeeding mission was 
massacred, and Da Gama led a punitive expe- 
dition in consequence, and afterwards went out as 
Viceroy. His work was destined enormously to 
enrich Europe, and England in particular. 

Garibmldl, Gluaoppe 

b. Nlo*. Italy, July 4, 1807. d. Cttprwa, lUly, June 3, 1883. 

The son of a seafaring man, and educated for 
the Church, Garibaldi preferred the sea, became 
involved in the Young Italy movement, was 
sentenced to death, but escaped to South America, 
where he fought in more than .one revolutionary 
war. His return to Italy was followed by another 
flight to America, where he followed the trade of 
a candle-maker. This occupation gave place to 
that of a farmer on the Island of Caprera, near 
Sardinia, which, by the generosity of English 


admirers, was. later in his life, made his own 
pr<mrty. From this point, until the liberation 
of Italy was consummated, his days were given to 
fighting for the freedom of his native land. He 
was a born leader of guerilla troops, but not gifted 
in statesmanship, and his career included many 
mistakes, for which he paid dearly. But he was 
a sincere, unselfish patriot, and in England was 
treated as a hero. 

Gay-Luaaac, Joseph Louis 

b. 8t, l4»onu-d‘Ie NobUt, Haute- Vienne, 1778. d. Porie, Hay 9, ISM. 

Distingui.shed as physician and chemist, he is 
renowned for his researches on chemical com- 
binations, the results of which wore highly im- 
portant to commerce. He made the discovery of 
the law of volumes, and was the first man to make 
a balloon ascent for scientific purposes. 

GmI, William 

b. Edinburgh. 1090. d. Leith (?|. Oct. 19. 1749. 

The man who first invented stereotyping, a 
highly important advance upon the original 
method of printing from the old movable types, 
had all his life to fight ignorance, prejudice, and 
jealousy. These won the day, and, in spite of the 
manifestly valuable character of his woric, he died 
broken-hearted and in abject poverty. 

Gibbon, Edward 

b. Putney, April 27, 1737. d. London, Jan. 16. 1794. 

“ It was at Rome, on the 15th of October, 1764, 
as I sat musing among the ruins of the Capitol, 
while the barefooted friars wore singing vesiicrs 
in the temple of Jupiter, that the idea of writing 
the decline and fall of the city first started into 
my mind." So came the inspiration for our 
greatest work in history, The Decline and Fall 
of the Roman Kn»i>ire." A work of such magni- 
tude and splendour could hardly have lieen ex- 
lH?cted of the man. Ho had had little regular 
scholastic training, owing to ill-health. His stay 
at Oxford resulted in his conversion to Roman 
Catholicism. This caused his father, a man of 
comfortable circumstances, to send him for five 
years to Lausanne, where the judicious handling 
of a Calvinistie tutor brought him back to his first 
faith. Here Gibbon read prodigiously, and re- 
meniliered what he ri'ad, and ston'd up the know- 
ledge which was to serve him for his great work. 
He had a lovi* affair here, of which the heroine 
was to become the wife of M. Necker, and mother 
of the famous Madame do Stael. Upon the death 
of his father, ho sat for some years in Parliament, 
but never addressed the Ilou-se, and though ho was 
granted a sinecure office it lasted but three years. 
The preparation of his first volume of the history 
occupied him many years. The others were 
written with striking rapidity, and the last was 
published six years before his death, which occurred 
following his return from Lausanne, where ho had 
lived sino<’ 1783, and where nearly half his book 
was written. Except an autobiography, he wrote 
little worth mentioning beyond the history, but 
that amply sufficed to give him immortality. 

Giotto, di Bondone 

b. near Florence, 1270. d. Florence. Jan. 8, 1337. 

His genius for art betrayed itself while ho was 
a boy tending sheeij. A generous patron, seeing 
him sketching upon a stone, had him properly 
instructed, and ho became the head of a famous 
Florentine school of painting. Many fin© speci- 
mens of his work remain. H© designed the 
Campanile at Florence. 

Gladstone, William Ewart 

b. Llrerpool, Dm. S9, 1809. d. Hawarden, Blay 19, 1896. 

The fourth son of Sir John Gladstone, Bart., a 
Liverpool merchant of Scottish descent, he was 
educated at Eton and Oxford, and entered Parlia- 
ment, representing Newark as rising hope of 
the stern, unbending Tories,^’ as Macaulay said 
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H« held minor offices under Peel in the Adminis- 
trations of 1834 and 1841, and though he was out 
of Parliament when the Corn Laws were abolished, 
he had a great share in preparing the measure 
which Peel passed. From this time be gradually 
drifted away from Tory traditions; and after he 
had raised the questions as to the condition of 
Greece and of the Neapolitan prisons, a speech of 
his caused the rejection of Disraeli’s Budget of 
1852. This led to Gladstone’s being made Chan- 
cellor of the Exchequer in the Coalition Govern- 
ment which followed. Now and later he showed 
that genius for hnance which made him the 
greatest Chancellor of our own day. He abtolished 
many vexatious taxes, among them that on paper. 
Over the Crimean War and the Civil War in 
America his attitude excited criticism, and he lost 
his seat at Oxford University, for which he had 
sat eighteen years. South Lancashire elected 
him, and, Palmerston dying, Gladstone became 
leader of the House of Commons and Chancellor 
of the Exchequer. His Franchise Bill unex- 
l•octedly caused the overthrow of his party, which, 
nowever, at the next General Election, gained a 
great majority, and made him Prime Minister. 
To take his seat, he had to be elected for Green- 
wich, South Lancashire having rejected him. 
The Irish Church was disestablished, the Educa- 
tion Bill of 1870 passed, and the Ballot Bill made 
law. The elections of 1874 were adverse to Glad- 
stone, and Disraeli became Premier, whereupon 
the Liberal leader retired temporarily into pri- 
vate life, to be recalled by the Bulgarian 
massacres and his complete disagreement with 
Disraeli’s foreign ^nd domestic policy. Mid- 
lothian returned him as its member in March, 
1880, and for that division he sat until the end. 
He again took office as Premier, and five very 
troubled years followed. Crime in Ireland, the 
Bradlaugh incident, affairs in Egypt and the 
Soudan, and the whole foreign t’O^icy of the 
Government, tended to make the period one of the 
most exciting and exacting of the century. Again 
the verdict at the polls was in his favour, but his 
Government lasted only a brief time, Home Rule 
causing a serious cleavage, and sending the 
Liberal iiarty into exile for the m'xt six years. 
In 1892 the country for the last time gave Glad- 
stone a majority, and he passed his Home Rule 
Bill through the Commons for the House of Lords 
to reject it. Then he retired, compelled by fail- 
ing sifirbt and hearing to withdraw from the scene 
in whicdi for over three score, years he had been a 
principal and Sjilendid figure. He was a man of 
intense enthusiasms, lofty ideals, untiring in- 
dustry, one of the greatest orators and debaters 
this country has produced, and a writer of the 
first rank upon poetry and classical and theological 
subjects. 

GlucH. ChHatoph Willibald 

b. Weld«nwiuic, BavMHa, July 2, 1714. tl. Vieiiu». Nov. 16, 1787. 

He was the son of a forest keetM^r in a princely 
household, and from his cradle showed musical 
talent. After study and teaching at Prague, 
Vienna, and Milan, he came to London, as com- 
poser of operas for the Haymarket. Here he was 
enabled to study Handel, and this led to his 
reaching his highest work. Returning to Vienna, 
he became the musio-master of Marie Antoinette, 
who materially assisted him in the production of 
the operas which have made him famous wherever 
music is sung or played. 

Goethe, Johann Wolfgang 

li. Fniiiklort.oii.the-X»in. Aug. 28, 174S, d. Weimar, Marvh 22. 1SS2, 

Another example of a career turning out 
differently from parents’ designs, Goethe yras 
intended by his father to follow the law, and did 
actually practise, but literature had always the 
stronger appeal. A love affair — one of many 
which aro reflected in his poems — inspired the first 
production, a little pastoral drama. Once begun, 
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there was no end to the flow. Poems, plays, 
scientific and philosophical writings, even noVels, 
streamed from his fertile brain. In 1775 he was 
intited by the young Duke Karl August to make 
his home at Weimar, and there he lived to the 
end of his days, except when he accompanied his 
patron, who went forth to fight the French. 
Goethe was an able statesman, and performed 
.•service of note for Weimar. One of his many 
love affairs led to an association with a beautiful 
girl of humble birth, whom he eventually married. 

Goldamith, Oliver 

b. PhIIw, IreUud, Not. 10, 1788. d. Luiidou, April 4, 1774. 

Good results have seldom been won from moi-e 
unpromising material than in Goldsmith’s case. 
The son of an Irish curate, he sjient his youth 
unworthily. With no sense of the value of money, 
he gambled away the little which should have 
carried him to America, ran away from college, 
was rejected on seeking to take Orders, continued 
his dissipation in Edinburgh and on the Continent, 
and reached London well-nigh penniless. Here he 
passed a wretched existence as chemist's assistant, 
as hack-writer and proof-reader, and as usher. 
IWtter times dawned with the production of his 
essay on the condition of learning in Eurofie — 
written to raise funds to enable him to leave the 
country. Thought of emigration abandoned, he 
wrote, sandwiemed between hack-work, his de- 
lightful poems, his immortal novel “ The Vicar 
of Wakefield,” and his drama ” She Stoops to 
Conquer.” He was improvident to the last, and 
died owing two thousand pounds. A genius of a 
high order, he was erratic and unstable. 

Gounod, Charloo Francois 

l>. Puri*. Juno 17, ISIA d. Bt Cloud. Oct. IS, INftL 

Son of a painter of no little ability, his talent 
for music early asserted itself, enabling him to 
carry off the drand Prix de Rome before he was 
twenty-one. His stay in Rome gave him an in- 
sight into sacred music, which was to serve him 
later in life. When he returned to Paris, he tried 
in vain to find a publisher for some songs which 
he had written, so accepted a post as church 
organist, and made up his mind to take Orders. 
Instead of carrying out this plan, he was i>er- 
suaded to write an opera. ''Sappho” was the 
result, satisfactory if not brilliant. No command- 
ing success was' won until he took Goethe’s 
“ Faust ” for a subject. That proved the greatest 
success in French music of the latter half of the 
nineteenth century. "Romeo and Juliet,” his 
next best work, appealed as strongly to him, but 
ne felt older when be wrote this. The Franco- 
PruBsian W'ar drove him to London, where he 
wrote a composition for the opening of the Albert 
Hall, and some songs, of which " Maid of Athens ” 
IS best known. Upon his return to Paris he com- 
posed operas, and then turned to sacred music. 
;‘The Redemption,” dedicated to Queen Victoria, 
is the effort in this direction most esteemed in this 
rountry. He was a man of tireless activity, with 
innumerable works to his credit, but he will be 
best remembered by those mentioned. 

Gray, Ellaha 

b. BsniMvtlJe, Ohio, Aug. 8. 1SU6. 

No history of the telephone is complete which 
fails to place the name of Gray in the forefront. 
He claims, indeed, to be the inventor of the 
instrument. His title to fame, however, does not 
rest on ground so well occupied, for he has taken 
out scores of patents in reli ’ 
plianoes mainly oonoer;ied 
telephony. 

Gray, Thomaa 

b. Loiidcm.^Dco. 26, 1716. d. Ounbridgr, July 90. 177 1. 

Associated as a boy at Eton with Horace 
Walpole, he aooompanied the latter 'on the " grand 
tour,” but quarrelled and parted from him, and 
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went to Cambridge, and there had his residenoc, 
except for holidays spent with his mother at Stoke 
Pogos. After refusing the Poet Laureateship, he 
became professor of modem history at Cam- 
bridge* His best-loved poem is the *‘Ele^ 
Written in a Country Churchyard,” one of the 
most perfect ^ems in the langrut^; next, the 
“ Ode on a Distant Prospect of Eton College.” 
His most ambitious work is ” Progress of Poesy,” 
a noble composition. He lived a life of quiet 
days, was never married, and was one of the most 
painstaking poets of any time. 

Green, John Richard 

b. Oxford, Dm. 13. 1837. d. Menioue, Mush 7. ISai. 

Readers of ” Robert Elsmere ” will recognise 
Green in the hero of that novel. He was educated 
at Oxford, and entered the Church of England, 
but— partly through ill-health, partly through 
failing sympathy with its doctrines — he re- 
linquished his association with the Church, and 
devoted himself to literature. Ills “ Short 
History of the Engli.sh Peofile ” had an unprece- 
dented buc(h;ss, and is the introduction of prac- 
tically all students into the history of our country. 
This, like his larger schemes, was written while 
he suffered terribly from ill-health. He was 
greatly beloved by a wide circle of friends, and 
the story of his long battle against suffering and 
incurable disease is an objeetdesson by which all 
may profit. 

Gregory XIII. 

b. Boluffim, Italy, Ft>b. 7. 1503. d. Roin«‘. April 10, 1085. 

IIo was a professor of law for many years before 
distinguishing himself as one of the theologians 
at the Council of Trent. Elected Pope when 
seventy years of age, he made his pontificate 
memorable by imposing upon Catholic Euroiie 
the Gregorian calendar. No ri'vision having been 
mule since the days of Julius CiSRar, there had 
arisen a discrepancy of ten days. He caused ten 
dw to bo cliininated from the month of October, 
15w, and modified the plan as to leap years. It 
took nearly two centuries to get the reform ac- 
cepted in England, but in the end there was no 
alternative to the adoption of the Gregorian 
calendar. Gregory was an enlightened Pope, and 
spent an enormous sum of money in promoting 
education. The one blot upon his career was his 
ordering a “Te Douin ” in Rome upon the occa- 
sion of the St. Bartholomew massacres. That, 
however, may have been the outcome of the 
massacres being represented to him as the sup- 
pression of a Huguenot plot and rising. 

Gresham, Sir Thomaa 

b. fiondon, about 1519. d London. Nor. 31,1679. 

The son of a prosperous Norfolk merchant, 
Gresham made a fortune in financial operations, 
and displayed such unselfish patriotism as to 
eft’oet a salutary influence for good upon the 
national credit. Towards the end of his life he 
founded the Royal Exchange, Gresham College, 
and a number of almshouses. 

Grimm, Jacob Ludwig Karl 

b. Hanau. Gannany, Jan. 4, 17S6. d. Berltn, Sopt. 20. 1863, 

It is as part-author, with his brother Wilhelm, 
of the delightful fairy stories for children that 
Jacob Grimm is famous throughout Christendom ; 
but his reputation is based upon higher ground. 
He was one of the most accomplished philologists 
ever produced by Germany, and his great 
dictionary and German grammar are among the 
most notable of that class of work in existence. 
He is the father of comparative Germanic 
philology. Like his brother, ne studied law at 
Marburg, and together they shared the duties of 
librarian to their patron, the King of West- 
phalia, and simultaneouily filled professorial 
chairs at Gottingen. 


Grota, George 

b. BMkeiiham. K«nt, Nov. 17, 1794. d. London, June 18. 1871. 

The author of the monumental history of Greece 
spent thirtv-two years of his life in the Dank which 
his grandfather had founded, and of which he 
eventually became the head. He sat for some 
years in Parliament, and was an earnest advocate 
of electoral reform. In addition to the famous 
history, he wrote an exhaustive work on “Plato 
and the Other Companions of Socrates,” and was 
up to the time of his death upon a 
volume on Aristotle.” 

Grotiua, Hugo 

b. Holland, April 10, 1063. d. Ro«tock, Gfirmauy, Aug, 38, 1845. 

From his youth up a diligent student of law, 
Grotius was early initiated into diplomacy, and 
turned his attention to the study of International 
law, of which he may be said to have been the 
father. His works upon the subject were for long 
the standard authority. Theological conflict 
caused his expulsion from the Netherlands, and 
he found sanctuary in Paris, to which he was 
subsequently sent as Am^ssador for Sweden. He 
died while on a return journey from Stockholm. 
Although law was his absorbing study, he was 
also a gifted poet, a sound historian, and a states- 
man of rare ability. 

Grove, Sir George 

b. Claphxm, Aug. 13, 1800. ^ d. Sydenham, May 28, 1900. 

In early life an engineer. Grove erected the 
first two cast-iron lighthouses in the West Indies, 
and assisted in the construction of the Britannia 
tubular bridge. An extraordinarily versatile man. 
he became secretary of the Society of Arts, edited u 
famous magazine, edited and partly wrote the 
admirable Dictionary of Music and Musicians to 
which he gave his name, and acted as a director 
of the Royal Aca<leiny of Music. 

Grove, Sir William Robert 

b. SwxDMa, July 14, 1811. d. Luiiduu, Aug. 1. 1896. 

As distinguished for versatility a.s his namesake, 
he was famous first as a lawyer, then as a judge 
of the Court of Common Pleas, and, chiefly, as a 
^eat physicist. He invented the Grove voltaic 
batb^ry, and greatly advanced the whole science 
of electricity and optics, as well by his lectures 
from the chair of Natural Science at the London 
Institution as by his books. 

GuericKe, Otto von 

«b. Magdeburg J*ru8iiia, Nor. 30. 1603. d. Hamburg, May 11, 

After a long course of study at the best Conti- 
nental universities, and visiting France and Eng- 
land, he became engineer-in-chief in the Swedish 
army. Civic appointnients allowed him to devote 
his attfuition to experiments, with the result that 
he invented the flrst air-pump, and fashioned the 
famous “ Magdeburg hemispheres.” which, being 
deprived of air, wore not pulled asunder until the 
united strength of fifteen horses had been em- 
ployed, He invented also the air-balanoe, and 
made important discoveries in electricity. 

Guido d'Arezso 

b. »ear Pnrli«, about 990. d. Arvis&v (?l, uvar Paria. about 1080. 

It is not quite accurate to say that Guido 
cV Arezzo invented the notation of music, but it is 
indisputable that he first devised — or, at anv rate, 
first systematically employiod — the lines of the 
staff and the inU'rvals between them. The im- 
]K)rtanco of this advance from the chaotic con- 
ditions previously existing can hardly bo over- 
stated. He seems to have invented the F clef. 
Undoubtedly he gave their names to the first six 
notes of the scale -ut, re, mi, fa, sol, la — these 
being the first syllables of six lines of a hymn 
addressed to John the Baptist. It was Guido’s 
boast that by his system a pupil could learn more 
music in five months than by previous methods he 
could learn in ten years. Pope John XIX. was 
one of his most notable and successful pupils. The 
reformer was a monk, and, like most other re- 
formers, fierseouted by his contemporaries. 
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Gurney, Sir Goldsworthy ^ 

b. Treator. Cornwall. Feb. 14, 1703. d. Beede, Cornwall, Feb. ‘26, 1675. 

Trevithick’s experiments with the steam-engine 
inspired young Gurney to efforts in the same 
direction.' The result was his steam-carriage, 
which, in July, 1829, ran from London to Bath 
and back again on the open road at the rate of 
fifteen miles an hour, the first vehicle driven by 
steam to accomplish such a journey. The success 
of the enterprise was immediately nullified by 
Parliament, which, carried away by stupidity 
and folly, passed laws imposing prohibitive tolls. 
Gurney’s steam-jot, however, was very successful. 
It was employed by George Stephenson for his 
famous “ Rocket,” and raised its speed from 
twelve miles to twenty-nine miles i>er hour. It 
was succcsfuUy applied, too, to steamboats and 
furnaces, and had a great influence in the manu- 
facture of iron. The so-called “ Drummond light ’* 
was Gurney’s invention ; so was the oxyhydrogen 
blowpipe. In his Royal Institution lectures, where 
he had Faraday among his listeners, he antici- 
pated the principle of the telegraph. He lighted 
and ventilated the Houses of Parliament, invented 
a gaslight derivable from oil, and in many ways 
showed himself one of the great master minds of 
his age. His work in connection with lighthouses 
was specially important. 

Guatavua Adolphus 

b. Btookholm, Dec. 19, 1594. d. near i.pip'/iir. Nor. 10, 1632. 

Uixin succeeding to the thromi of Sweden, 
Gustavus found upon hi.s h^nds wars with Den- 
mark, Russia, and Poland. Girt about by 
enemies, torn by internal dissensions, with the 
kingdom weakened by the loss of territory. Sweden 
seemed in hopeless case, Gustavus was her 
savioill*. He had been trained to statecraft; he 
.shewed now that he was a born warrior and leader 
of men. He healed the feuds by which his king- 
<lom was rent ; he fired his nobles w'ith patriotism ; 
he encouraged commerce and learning, and gave 
Sweden a new spirit. Peace was concluded with 
Denmark ; Russia was compelled to relinquish 
to Sweden her Baltic provinces of Livonia, 
Esthonia, and Courland ; Poland agreed ujion 
a .six years’ truce. Then came work of wider 
character. Austria, ^ crushing German Protestant- 
ism, was rapidly making herself supreme, and 
threatening both France and Sweden. Richelieu 
agreed to subsidise Gustavus, and with fifteen 
thousand men he took the field against this 
gigantic foe. It was expected that this little forces 
would be laughed off the field of battle, but it 
I>roved an army the like of which Europe had not 
previously kn#wn. Every man felt himself a 
Protestant champion. Each day was begun with 
prayer : it ended with prayer. The army was 
perfectly disciplined. It was terrible in battle, 
humane in victory, considerate for the peoxile in 
whose country its war was waged. With readier 
co-operation from the ]KJople whom he had come 
to help, Gustavus would have swept all bf>fore him, 
and probably have bf'forne Emperor of Germany, 
saving the land from the terrible evils which 
threw her back a century in the march of civilisa- 
tion. As it wa.s, he was everywhere successful, but 
tardy support prevented his conducting operations 
upon a greater scale, and so fiermitted the 
atrocities of Tilly and W^allenstein, It was in 
battle with the latter that he fell, and his troops 
avenged him by winning a great victory in one of 
tile bloodiest battles ever fought. Gustavus wa.s 
one of the g’reatest characters in history — a 
scholar, an enlightened ruler, with pure and lofty 
purpose, and a soldier of the very highest order. 
Gutenberg, Johann 

b. Halni!. ribont 1400. <1. Malm, Feb. 2, 146K. 

His father’s name was Gansfleisesh, but he took 
his mother’s maiden name, and suffered with his 
family when the patricians, of whom he was one, 
were driven by the common people from Mainz. 
From the cradle he seems to have shown mechani- 
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cal inprenuity, and had a project in his youth for 
polishing stones and makinp^ mirrors. This prefect 
not succeeding, he turned his attention to printing, 
and was, the Germans say, the first man to invent 
metal type and print a book. There is some 
doubt as to whether the idea actually originated 
with him. Pictures had been printed from en- 
graved blocks. Gutenberg’s departure, however, 
was the first attempt at making a book inde- " 
pendently of the pen. A man named Dritzohn 
and the two brothers Heilmann were his 
artners in the enterprise; and there was Peter 
chdffor, an expert metal-worker, who made the 
metal types. These names occur in the contro- 
versy; while there is the legend that the first types 
were stolen from their inventor, Laurens Janszoon 
(pster, and taken to Gutenberg. After examina- 
tion of all the evidenoe, however, German scholars 
credit Gutenberg with the invention. The first 
j3ook produced was a Latin Bible, which appeared 
in August, 1455, twenty-two years before the first 
book printed in England made its appearance. 
The invention spread rapidly to other German 
towns, but Gutenberg dia not profit. A money- 
lender named John Fust, who had financed him, 
seized his types, and ho was compelled to work 
with inferior metals. So poor was he that he was 
glad to take a Court appointment, which brought 
him each year one suit of raiment and an allow- 
ance of food. He died in poverty and misery, 
though ho had given to the world an art which 
makes it for ever grateful to his memory. Guten- 
bi^rg is finely celehrated by Victor Hugo in the 
following passage : “ A Gutenberg discovering the 
method for sowing the seed of civilisation and the 
means for tlie ubiquity of thought will be followed 
by a Christopher Columbus discovering a new field. 

A Christopher Columbus discovering a world will 
be followed by a Luther discovering a liberty. 
After Luther, innovator in the dogma, will come 
Shakespeare, innovator in art. One genius com- 
pletes the other.” 

Guthrie, Thomas 

h. Brechlo, Forfanhiro. July 12, 1803. d. Rt. Leonarda, Feb. 94, 1873. 

An eminent orator and philanthropist, he helped 
to found the Scottish Fre<< Church, for which he 
raised £116,000 in eleven months, and by his 
writings led to the building of the first Ragged 
School. He was also remarkable as an advocate 
of temperance and compulsory education. 

Guy, Thomas 

b. Hoiitbwark, about 1644. ^ <1. London, Deo. 27. 1724. 

The son of a London lighterman, he was ap- 
prenticed to a book.soller, sot up shop himself as 
another, printed Bibles and Prayer-booKs from type 
imported from Holland, made much money by 
buying sailor.s’ pay-tickets at a huge discount, and 
still more from the dealing in South Sea stock. 
Of this he had invested £45,000 in jGlOO shares, 
which he sold in time to avoid the crash at prices 
varying between £300 and £600 per share. He is 
commonly reputed to have been mean and 
avaricious, but this legend does not boar examina- 
tion. During his life he established almshouses at 
Tamworth, and built there a town-hall. He paid 
the debts of innumerable people confined in the 
prisons of the City, and set up many deserving 
young men in business. He added three new wards 
to St. Thomas’s Hospital, and built the hospital 
which bears his name. His will, a remarkable 
document, liberated six hundred persons from the 
debtors’ prisons, and made provision for a great 
number of relatives and persons not related to 
him, provided almshouses and pensions and many 
other benefits. He never married, lived simply, 
dressed simply, and thus, it is probable, got the 
reputation for avarice ana miserliness. 

Hadley, John 

h. I/>iii]oti, A 1^1, 16, 1682. d. London, Feb. 14, 1744. 

Bv his improvement of the telescope, left im- 
perfect by Newton and Gregory, he gave 
astronomers the first instrument of that kind which 
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was of real value to them. He also made im* 
liocbtttit improvements in the invention of the 
reflecting quadrant, which rapidly Dooamc indis- 
l>ensable at sea. Hadley’s younger brother 
George, a scientific writer (16o547^), had his 
share of the family talent, and was the first man 
clearly to formulate the correct theor;f as to the 
trade winds. The genius of the family was not 
transmitted bo;^ond this generation, for John 
Hadley’s son, inheriting an ample fortune in 
money and real estate, squandered it, and died in 
£>overty and disgrace. 

, ibdrian, Publiua ^^llua Hadrfainua 

J*. Rome, Jftii. a4, Trt a.h. d. BjiIh*. Italy, Jiiiy 10. i:H a.i» 

When forty-one years of ago, Hadrian succeed' d 
his guardian and cousin Trajan and at once in- 
augurated a new and beneficent policy. Ho 
realised that the era of conquest had passed, that 
Homo must now be wisely governed, and the 
Empire secured rather than indefinitely extended. 
Determined jH’rsonally to know the needs of the 
Empire and its people, ho undertook a journey 
throughout the entire doriiinionH of Rome. 
Wherever he w<‘nt architects and artisans aocotn 
panied him, organised like a legion, to buil<l 
aqueducts, temples, fortifications, whatever h<» 
deemed ne^ssary. The magnitud<^ of his seheim* 
may bo estimated from the great wall Waring his 
namo which ho constructed, upon visiting Britain, 
from the Solway to the Tyne. Its purpose was to 
.s<‘rve as a defence against the Piets and Scots. 
Sovonty-threo miles in length, it was in plac4*s 
more than twelve foot in height, and between six 
feet and nine and a half feet thick, and inclmk'd. 
for the accommodation of troops, stutioiis, castles 
and turrets, which communicated with one anoth<*r 
by a military way. Although no more conquests 
wero to be attempted, his army wa.s maintained in 
the highest state of efBci('ncy. That th<‘ soldiers 
should not complain of the rigorous discipline 
which he imixiscd, ho himself shared <h<‘ir hard 
shins. He lived on the food which they had, and 
walked his twenty miles a day bareheaded. His 
laws wero merciful and wise, and Homo flourished 
greatly under his rule. Towards the end of his 
life his mind seems to have weakened and to have 
become overcast with jealousies and littlenesses. 
His character was stained with bloody crimes. The 
one great war of his reign was waged against the 
.lows, of whom it was said over half u million were 
slain, while the Roman losses also wore appalling. 

Hahnemann, Samuel Christian Friedrich 

ii. MelruHJii, SaxiMiy, April 10, I7M._ ^ rl. Purls. July 2, 184:!. 

After studying medicine at Leipzig and Vienna, 
and taking his degree at Erlangen, ho became 
convinced that old methods were wrong. The 
result of his investigations led to his founding the 
homoeopathic system of medicine. The new treat- 
ment was vigorously denounced, and ho was bov- 
cotted by his profession, but ho courageously 
adhered to his work, submitted to pecuniary loss 
for his faith, and, moreover, made many painful 
(•xperiments upon his own person for the furthering 
of the system which he had founded. 

HaacKal, Ernst Heinrich 

U PdtHdaiii, Feb. Ifl. 18:M. 

This distinguished German biologist was entering 
upon his scientific course when Darwin’s “Origin 
of Species ’’ made its appearance. That book 
determined Haeckel’s career. He read it, accepted 
its teaching, and by his enthusiastic advocacy made 
the doctrine known throughout Germany. Since 
then Haeckel has engaged in research work of tho 
highest value, and contributed greatly to tho 
wjmmon stock of knowledge upon oiological m;f8- 
tories. Latterly he has formulated theories which 
Christian students of science cannot accept. 

Haggard. Henry Rider 

b. Bmdeulwwn Hall, Norfolk, June aa, ISWJ. 

One of a distinguished brotherhood, he went to 
Natal 08 secretary to Sir Henry Bulwer; passed 
on, as secretary to Sir Theophilus Shepstono, to 


the Tr^svaal, where ho hoisted tho British flag at 
Pretoria. Afterwards returning to England, he 
wrote a number of successful imaginative novels. 
Latterly he has been engaged in investigations 
concerning the conditions of rural England, and 
has carried out important inquiries on behalf of tho 
Government in connection with emigration schemes 
to tho Colonies. 

Hakluyt, Richard 

li. M.*refunihhlr,., aliuut IMJ, d. LoiidoD, Nov. 21, Wirt. 

The author of what has been termed “the prose 
epic of tho modern English nation *’ was a West- 
minster scholar, and graduated at Christ Gttmrch, 
Oxford. His absorbing study was the history of 
travel and discovery, whether in Greek, Latin, 
Italian, Spanish, Portuguese, French, or English. 
He lectured on his favourite subject, and had the 
gratification of introducing the globes into English 
schools. Then he wrote an account of tho dis- 
covery of America, and so gained the patronage 
of Lord Howard of Effingham, who took him t-<i 
Paris. There he pursued with all diligence his 
special study, and, piqued to find Englishmen re- 
garded as of no account in the story of discovery 
and adventure, he consc'crat^ul his life to writing 
his immortal hi.story of the voyages, adventures, 
and diacoverii^H of our national heroes. For some 
years before his death he was Archdeacon of West- 
minster, and one of the chuiilaiiis of the Savoy. 

Hales. Stephen 

b. a»-kc-Hlj»iurin‘, Kent. 8ept. 7, W77. U. TfibHii>rt.f>ii. MlrtfUfwx. Jhii. 4, 17111. 

Although little is heard nowadays of his works, 
Hale.s was a man far in advance of his times. 
Upon hi.s “Vegetable Statics” is founded our 
whole knowledge c>f vegetable physiology. He in- 
^<*nted the artificial ventilator, and got it intro- 
duced into prisons, Ships, and other buildings. Ho 
had a scheme for preserving water and meat on 
voyages, and for distilling drinkable, water from 
the sea; and a method of registering sea depths 
which wore by ordinary means unfathomable. 
Hales was a clergyman, and resided for many 
yt'ars in charge at Teddington. He provided a 
new water supply, and his entry concerning tho 
new .suDply is characteristic of tho minuteness with 
which ni8 investigations were carried out. Tho 
outflow was such that it would fill a half-gallon 
vessel in “three swings of a pendulum, beating 
seconds, which £>cndulum was 39 2-lOth inches long 
from the suspending nail to the middle of the 
plumb(‘t or bob.” 

Halifax. Charles Montagu. Earl of 

b. norbm, NurthaiitH, April 1(1. KIHI. d. liUiuliiti, May 10, )71fi. 

Statesman, poet, munificent patron of literature, 
friend of Newton, Addison, Congreve, Prior, and 
Swift, Charles Montagu is best remembered 
for his achievements in the House of Commons. 
A million of money being needed for government, 
ho established tho National Debt. A further 
million and a quarter being necessary, he estab- 
lished the Bank of England — a plan originated, by 
the way. three years earlier by William Patterson. 
Ho made Newton Warden of the Mint, and with 
his help, and that of Somers, Locke, and Halley, 
reformed the currency. Exchequer bills, by which 
the Government gets its first credit from the 
House of Commons, also had their origin with 
Montagu. His vanity and arrogance made him 
unpopular, and ho had to take a peerage and 
depart to the Upper House. Two attempts to im- 
(Miach him for misconduct of public affairs came 
to nothing. He was a grandson of the Earl of 
Manchester, tho Parliamentary general. 


Hall. Sir James 

b. niiitKinHs, IliMldlnirtonNhtre, 1761. d. Edinburgh, Juno 23, 1832. 

He was tho father of three distinguished sons. 
John, tho eldest, became a Fellow of tho Ho^al 
Society; Basil, traveller and writer, made im- 
|K)rtant discoveries in tho Eastern seas; James was 
a talented artist and patron of art. Sir James’s 
own claim to fame rests upon his having been the 
first geologist to embark upon experimental 
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g^logy. Hutton protested that it was impossible 
to judge of the great operations of the mineral 
kingdom from having kindled a fire and looked 
into the bottom of a little crucible. But time 
justified the chemical tests of the baronet, and it 
was in his laboratory that experimental goologv, 
from which we have learned so much, had its birtii. 
He was the inventor of an instrument for register- 
ing high temperatures. 


b. 


Hallam* Henry 

WlndHid*. July 9, 1777. d. Peushunt, Kent, Jan. ‘21, 18J)9. 

The son of a Canon of Windsor and Dean of 


Bristot, he took his degree at Oxford, and then held 
the post of Commissioner of Stamps. Upon in- 
heriting his father’s fortune, he devoted himself 
ro literature, and by his “ Europe During the 
Middle Ages,” his “Constitutional History,^’ and 
his “ Introduction to the Literature of Europe,” 
placed himself in the very front rank of historians. 
He is severe, but accurate; austere, but learned 
and judicious. Arthur Henry Hallani, of Tenny- 
son's “ In Memoriam,” was one of his eleven chil- 


dren, of whom only four survived to cheer his old 


age. 


Haller, Albrecht von 

b. Bi'ni, SwitxerlMiid. Ojt. 18, ITflu. d. Beni, l>ec. 1*2. 1777. 

Here the boy was truly father of the man. 
Before he was ten he had drawn up a Chaldo<» 
grammar and a Greek and Hebrew vocabulary, 
and compiled a great collection of biographies. 
He risked his life to rescue from fire his transla- 
tions of the classics, and afterwards burned them. 
After a course of study at the best universities, he 
rapidly qualirie<l to rank as one of the greatest 
anatomists and iihy.siologist8 of his century. He 
filled the chair of medicine, anatomy, botany, and 
surgery in the new University of Gottingen, and 
attained a Eurofu'an reputation by his industry, 
his original researches, and his success as the 
leader of a new school of learning. 


Halley, Edmund 

b HAg^retoii, Lfindoii. Nov. 8, 1856. d. On<5*iiwich, .laii. 14, 1742. 

The great astronomer was the .«on of a rich soap- 
boiler, who gave him an excellent education, and 
when sending him to Oxford presented him with a 
largo telescope. Before he had reached manhood, 
Halley devised a new method of determining the 
elements of the planetary orbit.s ; he then resolved 
to cataloirue the stars in the Southern Hemisphere 
by way of comfjlementing the efforts of Flamsteed 
and Hevolius in the Northern Hemisphere. During 
his stay at St. Helena, ho observed a transit of 
Mercury across the sun’s disc, and by so doing 
arrived at his method of ascertaining the solar 
distance. His successful charting of ^0 stars and 
his other important discoveries led to his being 
termed the “ Southern Tycho.” Honours and 
more notable labours followed, and then his in- 
quiries into gravity brought him into association 
with Newton, whose “ Principia ” he published at 
his own cost when, at Halley’s earnest solicitation, 
Newton had written it. Halley’s other work, 
undertaken with a view to solving problems as to 
the variation of the compas.s, the discovery of 
Southern lands, and his observations enabling him 
to predict the return of the comet named after 
him, was all-important and valuable as opening 
new horizons for the men who wore to follow after. 


Hamilcar, Barca 

1>. Carthngc, North Africa, aixint 280 B.c\ 8. 8[>aiii, 228 b.<-. 

‘Barca,” his surname, is the Jewish term for 
“ lightning,” and refers to the character of the 
military operations of this great warrior and 
statesman. In his day, Carthage was the great 
rival of Rome, and had colonies in Sicily, Corsica, 
and Sardinia. Hamilcar died in the attempt to 
add Spain to the Carthaginian possessions and 
to make it a centre for an attack upon Home. In 
thj first Punic war he landed in Sicily with a 
small army, at first little better than savages, but 
afterwards moulded by his will into a magnificent 
fighting foro<?. He maintained himself for three 
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years on Mounte Erote against the Romans, who 
for the , whole time wore in possession of thb rest 
ot the islai^d, save for two additional strongholds 
which ho held but they blockaded. To raise the 
blockade, he moved to what is now Mount 
St. Ciuliano, and there for two years withstood 
the onslaughts of the Romans. At length over- 
whelming numbers defeated him, and brought to 
an end the first Punic war. Returning with his 
army to Africa, he was unable to obtain the pay 
for his soldiers, and was called upon to subdue a 
formidable insurrection. This acoomplished, he 
became commander of all the Carthaginian force!«. 
and, having sworn his eldest son, Hannibal, to 
eternal hatred and enmity to Rome, he set out with 
a picked force for Spain. Some parts of the 
country he subdued by force of arms; other parts 
he won to allegiance by statesmanship. Ho died, 
however, before ho could complete his plans, slain 
in a battle bcitween the Tagus and the Douro. His 
son Hannibal carried on his task. 

Hamilton, Sir William Rowan 

!>. Uuliilii. Au(r. 4, iMO.'l. d. Duimiiik, lunr Dublin, Sept. 2, IStW. 

He was a iihenomonal boy, could speak thirteen 
languages by the time h<‘ was twelve, bad 
mastered all the ordinary University course at 
fift<‘en, and entered upon original research. He 
distinguished himself in astronomy, acting us 
Irish Astronomer Royal, but is sfiecially celebrated 
as the inventor of quaternions, a calculus of 
peculiar power and generality. 

Ham|»den, John 

1i. Luiulon, d. Tluuiii'. UxfnnlHhlro, .Itiiio, *24, 184:!. 

A cousin of Oliver Cromwell, and a member of 
a distinguished old Buckinghamshire family, 
Hampden came into prominence in Parliament by 
his resistanct' of the loan which Charles I. at- 
tt mpted unconstitutionally to raise. Ho was con- 
Hi>icuous in the impeachment of Buckingham and 
Strafford. It was his resistance of the Royal de- 
mand for ship-money, however, which made him 
a national figure. Ho undertook the expense of 
fighting the case, and though seven of the twelve 
judges decided against him, the patriot had the 
S3'mpathy and approval of all right-thinking men 
in the country. Hampden was one of the live 
inemlHirs whom Charles 1. sought to arrest in th<‘ 
House of Commons. That act brought on the 
Civil War. Hero Hampden, who subscribed 
£2,000, and took an active part in the campaign of 
the Parliamentarians, showed courage and ability. 
He died from the effects of a bullet-wound sus- 
tained while attempting to counter a foray of 
Princ<^ Rupert from Oxford. Hampden was a 
great patriot, and a noble Christian gentleman. 

Handel* George Frederick 

1*. Hiillf, Ueriiuiiiy, Frb. 2.1. 16M0. <1. Loitdoii. April 14. 17.W. 

The son of a Hallo surgeon, he was regarded, 
almost from infancy, as a musical prodigv. and 
was given the best mu.sical education his 
father could afford. Before he was twenty 
he had written and produced his first oiiera. 
He. played in a. Hamburg orchestra, gave lessons, 
wrote minor pieces, and then made a triumphal 
progress through Italy. Returning to Hanover, 
he was made Chapelmaster to the Elector, our own 
George I. It was in 1710, when he was five-and- 
twenty, that he came to England, which from that 
time became his home. Ten years later the Royal 
Academy was founded, “ to secure a constant 
supply of ofKsras by Handel.” That scheme did 
not long flourish. Handel wrote opera after 
opera, but quarrels with rivals and with his singers 
brought him eventually to bankruptcy, and for 
the time being unhinged his mind. It was upon 
his recovery that he began what was to bo tho work 
of his life — his oratorios. Fifteen of them ho pro- 
duced in a dozen years. His sight, long failing, 
now deserted him, but he still continued to com- 
pose and to give his magnificent organ recitals. 
Altogether, he wrote a score of oratorios, twice as 
many opera.s, hundreds of cantatas, psalms, songs, 
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and instrumental niooos. His industry was inex- 
haustible, his fertility so phenomenal that some of 
his greatest works are said almost to have boon 
improvised. He treated all styles, and ho excelled 
in all. No man over more richly dowered the 
world with sublime, inspiring melody. 

Hannibal 

)>. CArihatf«, North Afric», *247 b.c. d. aithjriiia, Aula Hiuur, Hboul JHJ) 

When nine years of age, Hannibal, eldest of the 
“lion brood’' of Hamilcar, the great general, was 
ronipelled by his father to swear on the altar of 
.sacrifice a vow of eternal enmity to Rome. Ho 
was then permitted to accompany his father from 
C'arthage to Spain. At the death of Hamilcar, the 
command evolved upon his brother-in-law, but 
Hannibal became supremo, and proocH^ded to give 
<'frect to that part of Ilainilcar’s plan which death 
had caused to be loft unfinished. He completed 
the conquest of Spain, ail save one stronghold - 
Sagimtum, which was in friendly relations with 
Horne. By attacking and reducing this ho made 
all Spain a Carthaginian province, and brought 
on the second Bunic war. With an army which 
finally dwindled down to 40,000 infantry, 6,000 
cavalry, and fewer than two score elephants, he 
ci-oHsed first the Pyrenees and then the Alps, a 
daring, grandiose scheme, which only the greatest 
.soldier of all time could have carried through. It 
was a war for the conquest of the world in which 
he was now engaged - a world ruled by (’arthage 
or Rome. In battle after battle ho inflicted appal- 
ling losses upon the Roman armies. lie never 
knew defeat in all the sixteen years in which he 
oV(*rran Italy. Roinforcoments which were being 
s<'nt to him from Spain were cut off. He was re- 
called to defend Carthage from a Roman invasion, 
and at last Scipio won a decisive triumph o%’er 
him. Hannibal’s veterans, outnumbered, were cut 
to i»k*ces; his raw levies fled. Carthage w'as 
alieady conquered before Hannibal ap]>earcd ujmn 
J lie scene ; his small army could not avert the 
ruin. Ho now turned his genius to statesmanship, 
but his enemies caused him to flee, first to 
Antiochus of Syria, next to Bithynia, where, still 
]»ursued by the vindictive Romans, he took poison. 
Ifaiinibal has been called at once thi' Burke, the 
J’itt, and the W’ellington of his country. H 45 was 
u great stati'sman, and the finest general in his- 
tory. He only just failed to make Carthage mis- 
tress of the whole world. 

Hansom, Joseph Aloyslus 

1., Ynik. Ot t. *->8. IWa d. I.«ind«.ii. .Tiino ’.H. 1SR2. 

The inventor of the cab, which still retains his 
name, was apprenticed to his father, a carpenter, 
but showed great skill as a draughtsman. He 
attended a night school, improved his scanty edu- 
cation, and became a famous architect. Ilis 
churches, mostly Homan Catholic, are to be seen 
in many parts of Plnglancl, and oven in Australia 
and Soutn America. His church at Preston St. 
Walburgo’s— has a spire 306ft. high, the loftiest 
built in England since the Reformation. 

HsnwsV* Jonss 

b. Furtiiinoiitli, Aujr. 12, 1712. d. I.(iiidi>ii, Sept. I7SW. 

Left fatherless at an early age, he was appren- 
ticed to a Lisbon iiM'rchant, atnd became a gi oat 
traveller for commercial purposes. Inheriting a 
siiiall competence, he devoted the remainder of his 
life to social and philanthropic w'ork— to. such 
schemes as the paving of London, the care of 
foundling children, of sweeps’ boys, and outcast 
women, prison reform, and the establishment of 
Sunday-schools. He was the first Englishman to 
carry an umbrella, and after thirty years of 
(k'rision saw his invention generally popular. 


Hardy, Thomas 

li. iiaar 3l«iifliefiter, J».)rMelKhIr«*. Jun4*2, 1810. 

Tho novelist and poet of Wessex socncs and life 
lK>gan his career as an architect. “ Far From tlio 
Madding Crowd ” and later novels -notably, ’*The 
Return of the Native ” and “ Tess of the D’Urber- 
villea” — have given him a unique place among 
English artists in fiction. Ho writes with groat 


imaginative power, tinged with pessimism. 
Latterly ho has forsaken fiction for historical 
drama. 

Hare, Robert 

li. JfnladoIphU, Jan. 17, 17«1. d. Phllwlelphla, Hny IS, ISBfl. 

Ho was a famous chemist of his day, and added 
notably to the science in which he was interested. 
His material gift to tho world was the calorimeter, 
an instrument for measuring the specific heat of 
a body. He invented also an oxyh 5 rdrogen blow- 
pipe, but in that he had biM^n anticiiiated by tho 
English inventor. Sir Goldsworthy Gurney. 

Hargraves* Edmund Hammond 

b. Oditpurt, IfHTitH, Oct. 7, ISlrt. ^ d. Sydney, N.8.W., Oct. 29, 1801. 

The man who was destined to discover tho Aus- 
tralian goldfields went to Australia in 1832, and 
after narrowly escaping death settled down to 
.sheep-farming for fifteen years. Ho joined in tho 
rush to tho Californian goldfields. Arrived there, 
bis knowledge of geology told him that the geologi- 
cal formation was similar to that of tho quartz 
rocks of the Blue Mountains, New South Wales, 
lie returned to Australia, put his tlu^ory to the 
test, and at once found gold. His di.scovcry was 
uiiHcllishly communicated to tho Government, and 
a new era for the island continent oiiencd. 

Hargreavea, James 

b. flliv'^kbuni (?l. Hituut I'i'l.l, d. Nottiiighivui. April. 177a 

Tin* inventor of the spinning jenny was an 
illit£*rate weaver, who began life as a carjienter. 
His mechanical .skill bt?ing detected by th<? grand- 
father of Sir Robert Peof, he was set to work to 
imi)rov(i the carding machine. An accident - the 
ov<*rturning of one of the old hand spinning-wheels 

-revealed to Hargreaves possibilities of a 
diflereiit .system of construction, and he secretly 
made the spinning jenny, which would spin wool, 
cotlon, or flax into a plurality of threads at the 
same time and by one operation. It was the first 
advancje of the sort from the old plan of manual 
labour. When the invention Iw^came known, 
jealous workmen smashed tin* machine and de- 
molished Hargreaves’ house. Like Arkwright, he 
was driv<‘n to Nottingham. Here ho entered into 
partnership with a man named James, and 
patent(‘d his machine. He seems to have made 
little out of it, Lancashir(» manufacturers pirating 
the inv<»ntion, and leaving his family to poverty 
when ho died. 

Haroun-Al-Ruschid 

b. tx-iir Teheran. Miuvh20, 78.'Ur). A.i». d. near KhontHiwn, Ferriu, SIKi a.o. 

'J’ho hero of so many stories in tho “ Arabian 
Nights ” was the most famous of all Arabian 
califs, the most learned man of tho then most 
learned peojile in the? world. His dominions ex- 
tended from Egypt to the Indus; his Onirt was 
the home of the most brilliant comjiany of scholars, 
poets, grammarians, cadis, and scrilies ever 
assembled round one calif. Ascending the throne 
w'hen twenty-two years of age, he entrusted the 
Government to the famous Barmecide family, and 
saw to it that frontiers were .strengthenocl, coni- 
mnrcc3 developed, and learning encouraged. Five 
years before nis own death, however, in an insane 
iU of jealousy, he had the Barmecides put to 
death. 'J’his was tho one blot upon an otherwi^ 
noble character. As a warrior fie overran Asia 
Minor at tho head of a splendid army, and died 
while suppressing tin iirsurrection at Khorassan. 
lie several times made the pilgrimage to Mecca, 
and, despite the murder of the Barmecides, was re- 
nowncnl for humanity and chivalry. At the coro- 
nation of Charlemagne he sent, among other gifts, 
the keys of tho Holy Sepulchre. Mcdieeval culture 
ow'cd much to the intellectual splendours of the 
reign of “Aaron the Just,” as he was called. 

Harriot. Thomas 

b. Oxbtrd, IMM). d, laloworth. Mlddltwex, July 2, 1821. 

Having graduated at Oxford, he became mathe- 
matical tutor to Sir Walter Raleigh, through 
whose influence he was sent as surveyor with Sir 
Richard Grenville’s expedition to Virginia. The 
result of his labours was the presentation of one 
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of the earliest examples of a statistical survey on 
a lar^o scale. Harriot was one of the famous 
scientists who boro Ilonry Earl of Northumberland 
cKimnanv ‘during his imprisonment in the Tower. 
With Walter Warner and Thomas Hughes ho used 
to go there daily, and dream and solve problems. 
He was warned that if he did not make his dis- 
coveries public ho would be anticipated, and he 
was. ViMt\ the French mathematician, antici- 
pated his publication of the discovery upon which 
modern algebra is based. Still, Harriot carried 
the subject further than his contemporary, and it 
is claimed for him that but for his foundation 
pescartes’ whole superstructure would have been 
impossible. Tho Earl of Northumberland gave 
him a pension and quarters at Sion House, and 
there he died. 

Harrison, Frederic 

b. 1.011(1(111, Oi-t. IS, 18^11. 

After a distinguished career at King's College 
School, London, and at Oxford, ho was calU«d to 
the Bar, and practised conveyancing and equity. 
It has biH»n as a publicist and man of letters, how- 
ever, that he has taken a foremost place. He has 
striven unceasingly for popular rights, and as the 
intellectual leader in England of the Positivists 
has laboured without remission to win converts to 
the doctrines of Auguste Comte. Ho has been 
Professor of Jurisprudence and International Law 
at Lincoln's Inn Hull, and served upon Royal 
Commissious. 


Harrison, John 

b. i<'oulby, Yorlu«, March 24. IfISS. d. London, March IM, 1778. 

The inventor of the chronometer was the son of 
a carpenter who knew a little about clock-making, 
and sot his boy to walk in like paths. But the boy 
was a genius, though he had to dispense with the 
education of one. He made a clock all of wood, then 
one with his famous “gridiron” pendulum, which 
was so constructed that changes of temperature 
did not affect the timekeeping. At this time navi- 
gation was very much a haphazard matter, so tho 
(lovcrnmcnt offered three prizes— £10,000, £15,000, 
and £20,000 for the discovery of a method of 
determining tho longitude at sea within sixty, 
forty, and thirty geographical degrees respectively. 
Harrison, with nothing but native genius to help 
him — no education and no models to suggest a plan 

devoted the best years of his life to the task. He 
made four tiniepiotM>s, each better than its prede- 
cessor, until, after voyages to and from Jamaica, 
and to and from Barbados, it was found that he 
had determined the longitude within ten miles, or 
twenty miles better than the distance required to 
qualify him for the first prize. He was submitted 
to .scandalous indignities, his money withheld, and 
petty sums offered by way of solatium. He was 
friendless, but he had earned the prize, and he 
persisted with petition after petition until eventu- 
ally, little by little, he got the sum due to him. 
But it cost nearly a lifetime to obtain the money. 
The prize was offered in 1713; he won it in 1762; 
he got his money in 1773, when he was within less 
than three years of the grave, 

Harrard* John 

b. londou, 1007. d. Charlpstowii, Mafn.. R«fpt. 14, IftlS 

The principal founder of the famous Harvard 
University was the son of a Southwark butcher. 
His mother was thrice married, and, deriving 
property from each husband, left John the Queen’s 
Head public-house, Southwark. He graduated at 
(..'ambridge University, married, and went to 
America, where he officiated as minister at 
Charlestown. In his will he left £700 and a 
librarjr of 320 books to the college then about to 
l>e built. It was called Harvard in his honour. 


Harvey* William 

b. Fulk«iitori«, K«it, April ], 1S7S. ^ d. Loodon. Joue 3. 1«J7. 

The discoverer of the circulation of the blood 
came of good old Kentish yeoman stock, and was 
given the advantage of a .first-class education, not 
only in England, but in Italy, where the schools of 


medicine were already famous, and where ho was 
privileged to hear Galileo and Fabrioius of Aqtia- 
pendento. The latter had already made known his 
discovery of vr^lves in tho veins, tending to a flow 
of the blood in a special direction. Many minds 
wore concern rating on tho problem as to tin* 
blood, and controversy afterwards raged as to 
whether or not Harvey really discovered the truth. 
Ho did. Other inquirers had got some glimmer- 
ing of the truth, but they had inverted tlie facts. 
To Harvey alone is due the credit for demon- 
strating that tho perpetual motion of the blood in 
a circle is produced by the boat of the heart. The 
grand discovery was announced quite informally 
in discourses before the College of Physicians in 
their lecture-hall at Knightrider Street, near 
•St. Paul’s, and tho MSS. of tho lectures are still 
preserved at the British Museum. For some years 
after his return from the continent, Harvey act<'d 
phy.sician to St. Bartholomew’s Hospital, where 
lie had a salary of £33 bs. 8d. per year and no 
residence. He was in favour at Court, being 
snccessivoly physician to James I. and Charles 1. 
Ho accompanied the latter as medical attendant 
during tlw* Civil War until the surrender at 
Oxford. 


Haussman* George Eugene 

b. March li?, 1M0», ^ d. Parin. Jau. 11. 1*01. 

To all who love Paris, with its noble boule- 
vards, its open spaces, its many fine bridges, and 
its beautiful paries, Haussman is indeed a groat 
man. It was ho whom Napoleon HE. entrusted 
with tlio making of the modern Paris, when, 
having thrown up tho Bar, he entered tho Civil 
Service. He carried out the whole work for wat<‘r 
supply and sanitation, in addition to tho embellish- 
ment of tho onliro capital. The work loft Paris 
with a debt of thirty-five million pounds, ami 
caused his dismis.sal. Turning bank director, and 
then being elected a dejmty, he was still dogged Eiy 
evil fortune, and died in poverty. 

Hauy, Rene Just Abbe 

b. Kt. Juat. France. Feb, 2S, 174.1. d. Pai-ia, JtliMs 1, IfUJ. 

His parents wore so poor that it was only 
through tho charity of friends that he was edu- 
cated. He undorwQnt his course at college amid 
almost incrediblo privations and misery. The 
accidental full of a treasured specimen of cal- 
careous spar led him, on examining the fragments, 
to discover tho geometrical law of crystallisation. 
Ho devoted his life to mineralogy with important 
results. He was given an honorary canonry at 
Notre Dame, hence ho is generally spoken of us 
the Abbe Haiiy. His brother Valentin— -like him- 
self, poor all his days - consecrated his life to tho 
education of the blind i)Oor. 


HavelocK, Sir Henry , « 

b. Snndcrlaiid. April 17UC. d. Lucknow, India, Nov, ‘J4, IM*. 

This great Christian soldier was the son of a 
wealthy shipbuilder, and was to have been a 
lawyer, but, like his three brothers, entered the 
Army. He wont to India, where ho was converted 
and nublicly baptised. He Had an active part in 
ail the fighting of his time, and his crowning 
work was, during the Mutiny, to relieve Lucknow. 
There he died two months later, killed by work 
and worry and responsibility. When the tidings 
of his great feat reached England, Parliament 
voted him a baronetcy and a pension of £1,000 a 
year. But they wore voting the reward to a man 
who, though they did not know it, was already in 
his grave. 


b. ftunbiiry, VlddlcMx, Oct 17, 1781. 

The son of a barrister, he took early to sea, and 
when thirty-nine was dismissed the Service for a 
too great ‘success. He was in command of the 
Wolf, and broke from the line of battle at Toulon 
to engage and defeat a French ship. For this 
breach of discipline he was dismissed, but was 
restored as an act of Royal favour, and lived to 
defeat tho French fleet which, under Admiral 
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De ConflaDS. was to havo covered an invasion of 
England. He was raised to the peerage, and given 
A pension of £2,000 t>er annum. 


, Hawthorne, Nathaniel 

b, Salwn, Mfuts., July 4, 1H04. d. Plymouth. U.S.A., May 19. 18S4. 

A dreaming, solitude-loving boy, Hawthorne, son 
of a merchant captain, .was left much to his own 
resources from an early ago, his father dying when 
he was four. The love of isolation never left him. 


He lived, as a boy of fourteen, at a lonely farm in 
the woods of Maine, and as a man he became one 
of the Brook Farm community, where, with one 
or two other men, he tried the experiment of run- 
ning a farm on idyllic semi-socialistic lin<‘8. Ho 
shut himself up for a dozen years in complete 
seclusion before he gave the world his first novel— 
“Fanshawe.” America would have none of his 


works, but his writing found immediate acceptance 
in England, where to the end his reputation was 
higher than in his own land. England, indeed, 
act the Hawthorne vogue. For many years his 
circumstances were not easy, and he had to take 
employment as weigher and gauger in a customs 
house, while afterwards ho held a consular ap- 
pointment for four years at Liverpool. His 
incomo grew in timo, and ho was able to travel 
Europe, and finally to end his days rich in this 
world’s' goods—and rich, too, in honour. His 
writings are simple but melodious, full of fine 
feeling and insight. His reputation is still 


increasing and will increase. 


Hay, John 

h. SaIqui. fnd., Out. R, lR:tS. 


d. July. 190 . 1 . 


Having been called to the Bar, he bt'came 


assistant private secretary to President Lincoln, of 
whom, in conjunction with another writer, ho pro- 
duced an excellent biography. Famous as a 
statesman of wisdom and high ideals, he i.s best 
loved as the author of the delightful poems “ Pike 
bounty Ballads,” of which “Breeches” suffices to 
ensure hU immortality. 


Haydn, Joseph 

b. Ktthiuu, AuiiirU, March 31, 173*3. d. Vienna, May :n, 1809. 

Ho was wTotchedly |X)or, only a wheelwright’s 
son, and when his t<*rni as a soprano in the choir 
of a Vienna church ended he had a hard fight for 
bare exiateiicii. But genius burned, and a man of 
discrimination hearing a coni{>oaition of Haydn’s 
played by the composer himself in the street, com- 
missioned him to write an opera. Haydn seized 
his chance. His opera was a success. It brought 
him introductions to influential people, and finally 
got him a lucrative apiiointment. He had to come 
to England, however, before he w^as truly ap- 
preciated. Ilere, in two visits, ho produced his 
twelve great symphonies. Thereafter ho composed 
Ills magnificent oratorios. The importance of 
Haydn to the world has boon thus impressively 
expressed by the Right Hon. A. J. Balfour”: 
“Without Hajs^dn we should not have the Mozart 
we know; witoout Mozart we should not havo the 
Beethoven we know ; and without Beethoven the 
whole musical history of the nineteenth century 
would have been utterly different from what it is.” 


Haslltt, William 

ik Kent, April 10, 1778. , d. ],ond«m. Sept. IS, 1839. 

“Well, I’ve had a happy life,” he said with his 
last breath. The statement does not quite accord 
w’ith fact. He was twice unhappily married, and 
had a stupid love affair with a woman intellectu- 
ally his inferior. But there was something lovable 
in the man who could command the friendship of 
Lamb, Leigh Hunt, and Coleridge. He quar- 
relied, where it was possible, with all his friends, 
but Lamb was loyal and true to the last. Hazlitt 
tried his hand at painting without success. His 
contributions to literature are unequal. At his 
best he is very fine, and his reputation has been 
greatly enhanced of recent ycorrs. He was a 
master of epigram and of virile, nervous English. 
His father was a Unitarian minister, and Hazlitt 
himself studied for the Church. His early meeting 
with Coleridge dissuaded him from his original 
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intention, and turned his thoughts first to art and 
then to literature. 

Heathcote, John 

b. Dutthibl, near Autr 7, 178*^. ^ d. Tiverton, Devon, Jwii. 18, 16H1. 

Ho was the son of a Leicestershire farmer, and 
was apprenticed first to a hosiery manufacturer, 
then to a stockiiig^maker and framesmith. His 
indentures completed, he worked as a machine- 
builder, and bought out the man by whom he had 
been employed at Nottingham. Then he turned 
his attention to the construction of a machine 
which would do for lace what the loom had done 
for stockings by superseding the knitting-needle. 
For his purpose he took himself to Hathern, a 
little town near Loughborough, and carefully 
worked out his scheme — first on paper, then ex- 
pressed in material form. The outcome was that 
at twenty-four years of age he had perfected what 
was described as the most complicated machine 
ever produced. The first square yard of net made 
by the machine sold for five sovereigns, 240 times 
the price which it would now command. Here, 
then, was the origin of the enormous laco industry 
which has nH*arit so many millions sterling to Mid- 
land England. Heathcote was not long j>ermitted 
the quiet enjoyment of his reward. The Luddites 
demolished the machines which he had erected in 
his Nottingham factory, and he was awarded 
£10,000 by the country, but never got tho money. 
He moved to Tiverton, siit up now macbiriery, con- 
stantly added improvements, invent^^d a steam 
tdougn, sat in Parliament, built schools, and died 
wealthy and honoured. 

Heathfiald, George Augustus Eliot, Lord 

1i. Br4>bti. Koxhurghvhire. DtH*. ‘iS, 1717. d. Aix-lii-ChaneUe. July 6. 1790. 

The gallant defender of Gibraltar was educated 
at Leyden University and the French military 
school of La F6r<!, as well as at Woolwich. He 
saw a great deal of fighting on tho Continent 
before being sent to Gibraltar. He had some tinf<*. 
in which to strengthen the defences of the fortress, 
but his defence for three years was one of the 
greatest achievements in the annals of war. Not 
only had he to withstand the combined assaults of 
fleet and army ; the fortress was blockaded by sea 
and land, and the garrison was all but starved. 
While solicitous for the comfort of his men, ho was 
himself of the simplest habits — a vegetarian, and 
total abstainer from alcohol. His peerage was 
granted in recognition of his valorous defence. 

Heber, Reiflnald 

b. M.’iIimh, CheHliirt^. April *31. 1783. d. Tiichlnopoly. Tndta, April .8, ISM. 

After a distinguished career at Oxford, where 
his prize poem “ Palestine ” attained lasting fame, 
lie accepted a country rectory in Shropshire, but 
was called to India as Bishop of Calcutta, and 
there died. His literary reputation rests upon his 
collection of hymns, of which “From Greenland’s 
Icy Mountains.” “The Son of God Goes Forth to 
War,” and “ Holy, Holy, Holy,” are sung in ©very 
Christian land. 

Hedley, William 

b. Newbuni, Newctuftle, July 13, 1779. d. l4UicheBt«r, Durham, Jaii. 0, 184.1. 

One of the pioneers of the age of steam, he has 
received less credit than he deserves. Working in 
a collie r; 7 , he perceived the need for bettor methods 
of hauling the coal from the pit-mouth to the 
Tyne, and, scorning the old toothed rails and 
cogged wheels with which locomotives were first 
invented, ho devised and patented tho smooth ifail 
which we still use. He was among the first to u e 
the steam blast for furnaces, and to apply steam 
for tho purposes of barge propulsion. 

Hegel. George Wilhelm Friedrich 

b. Stuttgui. Ofruiany, Aug. 27, 1770. d. Beritu, Nov, 14, 1831. 

Destined by his parents for the Church, Hegel pre- 
ferred the career first of tutor, and afterwards of 
professor. In the latter capacity he drew crowds 
of students to Heidelberg, and, later, to Berlin, and 
became tho philosophical dictator of Germany. He 
established two different schools of thought. One 
of these interpreted his philosophy as true Chris> 
tian theism; the other, as a pantheUtio and 
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eventually materialistic direction, denying both the 
ix'rsonality of God and the immortality of the soul. 

Heine. HeinHch 

>*. liUMfldgiHi PnMutm Uw, 13, 17BS. d. l*nrU, 1V>. 17, 18^ 

Poetry was to Heine a *‘holy playthij^gr- ’ His 
writings on religion, philosophy, and politics were 
often nmrely vehicles for His , wit and cynicism. 
Yet their revolutionary character made his native 
(4ermany no place for him, and he spent the last 
twenty-five years of his life in Paris, drawn thither 
by the Revolution of 1831. By that time he had 
<‘stablished his fame upon a firm foundation with 
his “Buch dcr Liedcr ” and “ Reisebildcr.” These 
eausiid him to be hailed as the successor of Goethe. 
But born a Jew’, and compelled to become a mem- 
ber of the Lutheran Church in order that he might 
practise law in accordance with the terms upon 
which he drew an allowance from a wealthy uncle, 
he became very unpopular with his compatriots. 
His best work was done before he was thirty. 
When he w'as in his fiftieth year he w’as laid low 
by ^linal paralysis. Ho suffered tortures, and was 
confined to his b('d for the remainder of his life. 
In that period, however, mastering jiain and in- 
firmity, he wrote much which will assist in main- 
taining his reputation as one of the greatest of 
modern poets. 

Helena. St. 

ihlnl oeiituiy a.u. dlwl IKH. 

Supposed to have been the daughter of an inn- 
keeper, she became the wife of Const antius 
Chlorus, who, upon bf'ing made emperor, was 
lompclicd to divorce Helena and take a wife of 
jnore exalted birth. Her only son was C'Onstantine 
tlie Great. When he became Emi>eror of Rome, 
and a convert to Christianity, she. too. was con- 
verted, and, proceeding to Jerusaloni, discovered 
th<' Holy Sei)ulchro and tho Cross, 

Heliodorus 

'i. Kiiiowi, Syrin. f.mrth contury A.n. <1. clom* <if foitrth mitiiry. a.ik 

The earliest and best of the Gro<'k romance 
writers w'as a member of a family of pagan pri(*sts, 
but liimself became a Christian, and w’as Bishop 
«if Tricca, in 'i'hessaly. Ho is famous as th<* author 
of “ dbilthiopica,” which l)(‘came tho model for all 
later Greeu romance, and has inspin*d many 
modern writers. It has been translated into every 
uritten language. 

Helmholtz, Hermann Ludwig Ferdinand von 

»i. Pdtxdmii, Omnnny, Auvr, ;)l, ]Sil. d. Ji*ar Karlin, Si-pt M. IWJ. 

One of the world's greatest mathematicians and 
physicists, he was so poor early in life that he had 
to be^in his career as an army surgeon. His dis- 
coveries in physiology soon attracted attention, and 
brought him a profe.ssorship at Kdiiigsberg, fol- 
lowed by still higher api>nintments at Bonn, 
Heidelberg, and Charlottcnburg. Hi.s iiive.^itiga- 
tions covered an irnnienJH^ fiohl, and to whatever 
subject he turned it was to bring to light new data, 
lie rcAolutionised tJio science of the ear; he 
opened a new world to the eye specialists; he 
thrc'.v mew light upon the nervous systtun. In 
chemistry, mathematics, electricity, magnetism, 
Jiieteoroiogy and theorcitical mechanics ho was no 
l«‘ss successful. 

Helmont. Johann Baptist van 

b JD77. _ d. mvir ItiiiiiM'l*. Ih'c.'Ml. HW4. 

After .several years’ devotion to niysticisiii he 
turned his attention to chemistry, and helpe<l to 
n duco il to order out of the cnaos to w'fiich it 
bad been brought by tho alchemists. I To was the 
first to Uno the balance in cliemistry, and gave 
science the word “ gas." His discov<*rie8 marked 
H new departure for a future generation of 
scientists. 

Hemana. Felicia Dorothea 

Vi. UVHI Jtoil, 2'>, »7W». _ d. niilinn, M.iy 11), 1KI3, 

For many y<»ara this gifted woman was an 
invalid, and some of her most charming poems 
were produced during intervals of intense suffer- 
ing. Her genius w’as not of the highest order, but 
lyrics like “The Treasures of the Deep,'’ “'The 
Better Land.” “The Homes of England," “Casa- 
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bianoa," “Tho Palm Troo," “The Grave# of a 
Household," and “Tho Wreck," may last as long 
us the language in which they are written. •She 
was the daughter of a Liverpool merchant named 
Browne, whoano reverse of fortune caused his re- 
moval to Wales, where she grow up in an atmo- 
sphere of romance and mysticism. She married 
in 1812 an Irish officer. They had five sons; then 
her husband loft her, and they never afterwards 
met. 


Henderson. Alexander 

b. iTroicb, Fifothire, nboiit l.lS't. il. Edinbiirtrh, Any. 19. 1S4S. 

The son of a Fifoshirc tenant farmer, he was 
appointed by Archbishoi) Gladstanes to tho living 
of Leuchars. Tho aiipointment was so unpopular, 
nroceeding from a prelate, that Henderson, for 
nis induction service, had to enter the church by 
way of a window. He soon identified himself with 
tho impular cause, attained to fame, disputed with 
Charles I. on public and <*cclesiastical affairs, and 
drafted the I^ational Covtuiarit and the famous 
Bohunn League and Covenant. He was foremost 
in restoring to the Kirk of Scotland her ancient 
lights and liberties. 


Henry IV. of France 

b. Pmii, FiMie(>, Dec. If), IM'i. f1. Pui’iK, May 14, lUlO. 

The author of the Edict of Nantes, which gave 
perfect religious equality to France, was bred a 
Huguenot, and as <me made hiimxdf famous at the 
head of the Huguenot army. He cacar>ed tho 
massacre of thi^ Iluguenots by submitting to Rome, 
but w'hcn at liberty repudiated hi.s conversion, 
only to recant once more, saying, “ Paris is well 
worth a Muss." By great skill as a general and. 
di])lomati.st. he overcame all his enemies, and 
became King of Franc<‘. H<* was a wise and 
human-' ruler. To him France owes tho inception 
of her industries; to his gifted Minister -Sully 
the reorganisation of her finances. He plann<‘d a 
great scheme for the union of all the countries of 
Europe into a federal republic, but W’lis assassi- 
nated by a Jesuit fanatic before the world could 
become acquaint«‘d with the iletails of his jilan. 


Henry 1. of Germany 

1». Saxdiijr, H70. «l. Saxonv, .July 2, 

Suriiamed the Fowder, because of his km* of the 
chase, Henry I. was the promoter of the unity 
and civilisation of Germany. He expelled the 
Hungarians, made Austria part of the G<*rmaii 
Empire, recovered Ix^rraine, gave the country 
fortified cities in place of squalid villages, and, 
great as a statesman and warrior, played a notable 
part in the upraising of his own country and of 
Euro|HJ generally. Henry IT. “St. Henry" - 
another great soldier and administrator and a 
zealous Christian monarch, was the great-grand- 
son of the Fowler. 


Henry II. of England 

b. Le Muiin. Fiaiur, Marrh 5, mu. <1. (.'hiiioii, France, July 6, llSSt 

KxiH'dieiicy rather than principle dominated the 
life und^actions of this first Plantagenot king. His 
reign was important to posterity, because of his 
great legal reforms. Ho substituted tho jury for 
trial by battle, established assizes and the High 
Court of JusticH*. One of tho groat blots iqxin his 
reign was the murder of Jlockot. From his eldest 
daughter- Maud — by her marriage to Henry V,, 
Duke of Saxony, the present royal family of Groat 
Britain is d(?sconded. 


Henry VIII. of England 

It. Omtifwicb, 1401. rt. W’oitniliihtBr, .Tan. IS, l.'i4T 

Of this King, son of Henry VII. and Elizabeth 
of York, it has been said tliat he approached as 
nearly as possible to the ideal standard of j>erfect 
wickedness as the infirmities of human nature 
would allow. Yet it is impossible to exclude him 
from the roll of men who have achieved groat 
results. Not because he was more Protestant than 
his predecessors, but from quite other motives, ho 
overthrew tho supremacy of the Pope in England, 
made tho sovereign of this land head and 
“ defender " of the Church, and suppressed 



monastioism. had six wives. The first and 
foui1:h ho divorced; tho second and fifth he be- 
headed; the third died, after giving birth to the 
futuro Edward VI. ; the sixth was so fortunate as 
to stirvivo him. 


fiero 

%>. AlexjuidriA. 

The fame of Hcro—or Heron — survives, but the 
exact dates of his birth and death — about 3rd cen- 
tury B.c.—it is imix)8sible now to ascertain. Ho 
was a pupil of Ctesibius, the father of hydro- 
mechanics, and first applied science to industi'y. 
Ho knew the use of steam, and invented what was 
practically a primitive steam-turbine. Ho antici- 
pated by two thousand years tho modern hot-air 
i'nginos, devised an instrument for surveying 
which was the forerunner of tho theodolite, and 
left valuable writings on pneumatics and on other 
scientific subjects. His discoveries served no use- 
ful purnoso in his own age, but they demonstrate 
wonderfully tho genius and skill of the man and of 
the great Alexandrian school to which he belonged. 
Herodotus 

1>. linlloHniiuMiiM, Aaia Minor, 4S4 n.i*. <1. Thnrii, ItiUjr, 424 B.r. 

Although a Greek, the great historian of 
antiquity was born a Persian subject, and helped, 
it is believed, in the overthrow of the Persian 
j^ower and in making his native town part 
of the Athenian union. ri<* travelled throughout 
Greece, familiarised hims<'If with every part of 
the coast of Asia Minor, and with Egypt, and 
lived in Samos and Athens. Considerable as were 
his travels, he found time for extensive study, and 
was familiar with the whole range of Greek 
literature extant in his age. Wherever he, 
travelled, ho made himself master of all that there 
was to bo learned of history and institutions, 
mannor.s and customs. So he equipped himself 
for his great work, the writing of his History, 
whoso charm to-day is as jiotent as over, and 
whoso authenticity is more and more firmly estal)- 
lishcd by modern research. Herodotus was nol 
only the father of history ; he was, as Do Quincey 
has called him, the general father of prose com- 
position. 

Herschel, S'r William 

Kanovvr Nov. Ift, ITJW. tl. Hloot;h, Boeki«. Anr. 2'», lH2i. 

The son of a bandmaster, and himsol{ a profes- 
sional musician in hi.s youth, ho educated himself 
in matht’matics and astronomy, and, too poor to 
buy a reflecting t(*Iescope, made one for himself. 
Famous among his discoveries was that of the 
planet Uranus. Herschel was the virtual founder 
of sidereal science. He was notably assisted in his 
labours by his brilliant si.'«tor Caroline Herschel — 
who made important astronomical discoveries of 
her own. 


H«rschel, Sir John FredericK William 

b. Slouirb, Bunk*. Murnh 7, I7W'. il- Culllnjfwood, Kniit, May 11, 1871. 

Herschors father bad but one rival as an ex- 
plorer of tho heavens, and that rival was his 
greater son. Tho latter carried on the work which 
his father had begun, and oiiorrriou.sly increased 
our store of astronomical data. After rc-examin- 
ing his father’s work, he published a catalogue of 
a vast number of stars and nobulec, and, having 
exhausted the Northern Hemisphere, completed his 
work by exploring and cataloguing the stars of 
the southern one. He was a distinguished chemist, 
to whom photography owes much ; while as a man 
of letters he made notable contributions to 
English literature, in the form of translations 
from tho Greek and German. 


Herts Heinrich Rudolf t i 

b. Haiubuiv, 5Si. 1857. ^ d. Bonn, OpnnBny. Jan. 1, ISJM. 

One of the most brilliantly successful of modern 
iihyaioistsj Hertz began his career as an engineer, 
out happily abandoned that vocation for the pur- 
suit of physical science. Following up tho work 
of Faraday and Clerk-Maxwell, he added greatly 
to the advancement of knowledge of electricity — in 
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its relation to ligh*. His most important dis- 
covery is commemorated by tho name given to 
tho Hertzian waves. 


b, about nhitb century B.c. d. Orchomenu*. 

The father of Grcf(k didactic poetry exercised 
sc groat an influence over tho minds of his 
countrymen that he is said, with Homer, to have 
created tho religion of the ancient Greeks. Ho 
wrote not to please, but to instruct. Scholars are 
not agreed as to how many of the works attributed 
to him were really his, how many received his 
name which really belonged to the school of 
poetry which he founded. His career is en- 
shrouded in obscurity, and dates cannot be given 
with any w'rtainty. 

Hill, Matthew Davenport 

b. BlrtiiinKhnin. Axig. 6. 17U2. d. iieiu' Bristol. June 7. 1872 

Eldest brother of Sir Rowland Hill, ho was as 
conspicuous for efforts on behalf of the reform of 
the criminal law a.s Sir Rowland was in connection 
with )) 08 tal rc'form. Ho was successively Member 
of Parliament, Recorder for )brmingnam, and 
Commissioner of Bankrupts, but his greatest efforts 
lay in the direction mentioned. He was one of the 
]iioneer8 of the movement for reformatories for 
juvenile criminals, a work attended by great 
benefit to the community. 

Hill, Sir Rowland 

b. KidilunuiiiMt4*r, :i. J7vC>. il. Hauipiiteaii Auff. 27, 1H7». 

When Hill was a young man it cost 1/42 
.s<*nd a letter from London to Edinburgh, and ab- 
.st)rbed a fi*fth of the wages of an Irishman labour- 
ing in England who wished to send home a letter. 
Hill repeatedlv witnessed the fear of his mother 
that a letter should bo delivered at her house for 
which she should bo unable to pay. He saw that 
illicit methods were employed to get letters con- 
vey<‘(l. and that the public revenue from the Post 
Office, instead of increasing with the growth of 
tho national wealth, steadily decreased. His 
sfsheino of ])pnny postage was the result of hi.s own 
)>ersonaI experiei.ees. It was strongly oppo.sod by 
(ho postal authorities, who predicted terrible coii- 
.S(*(iuenc*eH from its adoption ; but by iiaticnce, 
«kill, and courage he carried his scheme in tho 
face of almost unprecedented opposition. Ap- 
pointed linully Secretary of tho jPost Office, he 
saw the number of letters dealt with by the Post 
Office increased from 76 millions to 642 millions a 
year, and the revenue raised from million.s 
sterling to ui> wards of 3^ million.s. Few men of 
tho nineteenth exmtury accomplished a more 
notable work for the nation. 


Hipparchus 

b. Nliwa, Aula filliior, secniiid reiitury k c. d. Nlooai, about h,< . 

The founder of scientific astronomy conducted 
hi.s ex|Jorimerits with instruments falling ^ort 
a hundredfold of tho precision of those now in use. 
but his discoveries were of groat importance. Ho 
catalogued a great number of stars, discovered tho 
eccentricity of the solar orbit, some of tho in- 
equalities of tho moon’s motion, the jirocession of 
the equinoxes, and did much in tho application of 
astronomy to geography. Hipparchus was a man 
of towering inb'llect. who, armed with tho crudest 
implements, achieved results which, for centuries 
afterwards, were tho basis of all scientific know- 
ledge in tho paths ho had chosen. 

Hippocrates 

1>. iMloiicf uf Cos. about 460 B.c. _ d. Isirlssa, (ineet>, sbout 277 B.*'. 

The greatest physician of ancient times, a pro- 
found scholar and philosopher. Hippocrates was 
not only tho founder of the art of medicine, but 
prepared the way for men like Aristotle and the 
great school of Alexandria. Nearly fourscore 
works bearing his name are in existence. Many 
uf those are forgeries or wrongly attributed to him. 
A sufficient number of writings incontestably his 
remains for us to reconstruct the splendid learning 
of which he was the founder. 
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HobbM. ThoBiM 

b. WNtport. WUta. April 0, 1089. d. Hanl^ok Hnll. l>er. 4, lOfn. 

Scholar and philoaopher, associate of Bacon, 
Galileo, and other intellectual giants, Hobbes pro- 
duoed works of philosophical character, which, 
while affording a stimulus to thought, brought 
him into serious difficulty. Ho was accused of 
heterodoxy, and even atheism. But, though ho 
submitted to the Commonwealth, ho died a 
Koyalist pensioner. 

Hofman, August Wilhelm Ton 

Ofnaeu. Oermtuty. April 8, 1818. d. JBorliii, May 8, 1892. 

One of the greatest chemists of the last century, 
as a young man he was apiwinted first director 
of the Royal CoHoge of Chemistry in London. Ho 
was brilliantly successful. All the future great 
chemists of his day came under Hofman’s influence. 
It was by one of his pupils that the aniline dyes 
were discovered. In spite of all his success, his 
efforts met with no reward in England. English’ 
men did not believe in science in commerce. He, 
therefore, returned to Germany, and gave his 
native countrv the S(*cret of the great coal-tar 
industry, which has been productive of incalculable 
wealth to her. 

Hogarth. WillUm 

1*. Louduii, Nov. 10, 18i*7. d. Ix>iwiuii. Oet. 1784. 

Our great satirist upon canvas was apprenticed 
to a silversmith, but learned drawing in the school 
of Sir James Thornhill, with whose daughter ho 
<*ventually eloix'd. His work as an arti.st seriously 
liegan with illustrations of “ Hudibras.” Portraits 
followed, and then the series of cartoons pillorying 
the viees of his time. His pow4T as a humorist 
was great ; but he was still more a preacher on 
canvas. Many of Hogarth’s drawings are coarse 
and unlovely, but so were the subjects he attacked. 

Hogg, James _ 

li. Kttrick, BrikirkMhir®, 1770. d. BItrivc Viirntw. Ni*v. jJl, 1835. 

Receiving less than a year’s education, this de- 
lightful iKict became, at seven years of age, a 
shepherd-boy, and lives in history as the P^ttrick 
Shepherd. It was while working as a shephertl 
I hat he was granted acce.ss to books which enabled 
him further to educate hini.s<*lf. Then meeting “u 
Italf daft man,” who recited some of Burns’s poems 
to him, and said that they were by the swwtest 
poet that, ever was born, Ilogg determined that 
he W'ould make an effort to fill the dead singer's 
place. His work attracted the attention of Scott 
and Byron, and both lieliH'd him, as did the 
Countess of Dalkeith. The latter left him a farm 
at a nominal rent, and he farmed and w’rotc poetry 
to the end of his days. Some of his work is 
i'xquisitely dainty, and it has been justly said 
that at his best he might have claimed over all 
his contemporaries the laurel for direct and 
immediate inspiration. 

Holbein. Hans 

Aiigsburs, Bavaria. 1497. ^ «>. r.4iiidci», 1943. 

He was called Holbein the younger, to dis 
tin^ish him from his father, who also was a 
skilful artist, and was his master in painting. 
Holbein’s early manhood was s^icnt partly on the 
continent, partly in England. Here ho painted 
the portraits of Erasmus, Anne of Cleves, Sir 
Thomas More, and Henry VIII. He died of the 
plague upon a date unknown. 

Holberg, Ludvig von 

h. Bergen, Norway, Dec. 3. Ifl84. d. Copenh>i(teii, Jau. W, 1754. 

The father of the Danish drama and the greatest 
figure in Danish literature, he was a man of versatile 
genius. In addition to his plays, he wrote satires, 
history, biography, as well as serious reflective 
works. He also held im|X)rtaiit academic rank at 
I he Copenhagen University. 

Holden, Sir Isaac 

li. Hnrlet, Banfrvwablre, May 7. 1807. d. Keighley, Yorkit. Aug. Bl. 1807, 

Ho was the son of a collier, who, though a noor 
man, did the best he could for his boy's education. 
The boy himself was studious, and though a great 
nart of his early days was spent in the factory, 
lu' managed so well to equip himself with know- 
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that he b^ame a school teacher, ^l^hilo 
acting in this position he discovered the principle 
of the luoifer match, though — unknown tp h* ‘ 
a Stockton chemist had boon before him. Hie 
greatest triumph, however, was won in connection 
with the wool-combing machinerv which ' ho 
invented. This brought great wealth to him and 
to all associated with him in the business. He was 
made a baronet four years before hra death. 


HollnahMid Raphael 

b. Coikhnrxt. Chcihlni. 


d. Bnunvote, Warka, lASO. 


The author of the famous ” Holinshoad 


Chronicle,” giving the history of England, Scot- 
land, and Ireland down to his own era, had 
assistance in his great work, but he was responsible 
for the enterprise. The work is of great import- 
ance to historians, and additionally interesting to 
us all, from the fact that from this ” Chronicle ” 
Shakospeari' drew the material for his oarly 
English {days. 


Homer 

Lived iihniit 8th eeiitnry B.r. 

No fewer than 8 <^v(mi towms in Grei'oe claim to 
bo the birthplace of Homer, the father of poetry, 
but no autnetitic record on the subject exists. 
Nothing is known of the poi*t himself; even the 
story that he wa.s blind and a beggar is a legend. 
The two great epic poems which we call Homer — 
the ‘’Iliad” ancl the “ Odyssey form one of tlie 
most priceless bequests which have come down to 
us from ancH'nt Gn*ece. It is im|)ossible to deter- 
mine whether the whole work is by one hand. 
Both are noble poems, but the differences in 
general tone and style b(‘twi*en the two l(,*ad the 
critics to believe that the “ Odyssey ” may have 
been by an unknown later |)oot. or by one poet 
welding into a hartnonious whole the efforts of 
a school of poets. It is unlikely that wo shall ever 
approach any nearer to a solution of the mystery. 
We have the works, and in them Homer, one 
man or twenty men. lives immortal — the great 
Greek of Greeks, as Riiskin says— the more notabh* 
bt‘cau8e of his influence on Virgil, and, through 
him. on Dante, and all the after ages. 

Hood, Samuel, Viscount 

b. Burleigh, Huiiiei wt, Dec. 12. 1724. d. B»th Jiiti. ‘/7, 1818 

The son of a clergyman, Samuel Hood entered 
the Navy as a captain’s servant, served as an 
able seaman, and gradually worked his way up 
to the rilnk of admiral. lie had a conspicuous 
place in the w'a battles of his time, and, in thir 
words of Nelson, who served under him, was 

* the best officer, take him altogether, that Eng- 
land has to boast of.” He was created a viscount, 
and made Governor of Greenwich Hospital. 

Hood, Thomas 

b. I^iiidtnt. Hay 2:1. 1799. d. I.nnd(in. », 1849. 

“Ho .sang the Song of the Shirt ” is the 
epitaph on Hood’s tombstone. If he had written 
nothing else, his days would have boen justified. 
But in grave vein or gay ho was always writing, 
though his health was of tho worst, and his 
fortunes often dismal in the extreme. A business 
misfortune consumed all his {lossessions, but ho 
was too honourable to declare himself bankrupt; 
he mortgaged his brain to work off his liability, 
and broke down while still at his task. Hood 
liegan his career in a merchant’s office, and was 
afterwards apprenticed to an engraver, but was 
too delicate for the work of cither position. 

Hooke, Robert 

b. Ittle of Wight, July 18, 16.19. d. March .1, 1708. 

One of tho greatest of experimental philosophers, 
Hooke anticipated the invention or the steam- 
engine and of the flying-machine, and made material 
contribution to mechanics in tho direction of in- 
genious oontrivanoes for clocks and watches. He 
carried further the scientific manufacture of 
optical instruments, and afforded Newton valuable 
assiltanco in his theory of gravitation. He was 
delicate and ecocntric, out a good man, and very 
industrious; ho earned his place in history as the 
most notable of philosophical mechanics. 
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Quintus Horntius FlLoous 

, Vtnmia. Xtaljr. Dm. 8, 65 •.o. « - « 

m was the son of one who, o 
as a f^mau attained to moans, and was able to 

g ive him a sound education. He was a student in 
^ome at the time of the assassination of Csesar. 
Horaoe took arms under Brutus, and fought as 
an officer at Philippi. Returning to his home, he 
found his property confiscated, and himself driven 
to write verses for a living. Thanks to the friendship 
of Virgil, he came to enjoy the patronage of 
Msecenas, who presented him with a pretty pro- 
pertj^ in the Sabine Hills. Here the greater part 
of his years were spent, and here were written 
the famous satires, epistles, odes, and lyrics by 
which he immortalised himself. 


Howard, John 

b. Loude n. Sept, it, inu. d. Khemoii, Rtuuiii, Jtut. 20. 1790. 

A personal experience made Howard a prison 
reformer. He was on a voyage to Lisbon when 
ca^iturod by a French privateer, and thrown into 
prison at Brest. The horrors of a fortnight’s 
detention led him, ui>on his return to England, to 
inquire into the condition of English prisons. 
From that time his life and fortune were devoted 
to the cause of the reform of our gaols. He died 
while on a tour of inspection in Russia, killed by 
typhoid fever. 

Huber, Fran^oia 

Ik 0«iieva, July 2, 1760. d. OeitHVu, Dei*. 31, 18:11. 

He worked with such assiduity in the pursuit 
of knowledge that by the ago of fifteen ne had 
begun to lose his sight, imd eventually b^'came 
totally blind. But the noble woman to whom ho 
had become engaged married him in spite of his 
blindness, and was sight to him. Together they 
made the b<Hi their life-study, and laid the founda- 
tion of all our scientific knowledge of the 
fascinating subject. 


Hugo, Victor Marie 

Ik Kruiive, Keb. 26, 1802. d. Paria, Muy V*2, 1885. 

His father was a general in the army of the 
Empire, and carried his family with him, os far 
as possible, to the various places in which he was 
Quartered. Hugo was a phenoiiienon us a boy - 
tnere can never have been another such. Betwe€?ii 
his thirteenth and sixteenth years he had written 
every possible kind of verso- ode^, satires, epistles, 
l^ms, tragedies, elegies, idylls, imitations of 
Ossian, translations from the classics, romances, 
fables, stories, epigratns, madrigals, logograpbs, 
acrostics, charades, enigmas, impromptus, and a 
comic opera. And yet this boy was destined by 
his father for a military career ! The Academy 
withheld the prize which he had won for a poem, 
believing it impossible that the author was only 
fifteen years of age. His example, Mr. Swinburne 
has said, will stand for ever as the crowning 
disproof of the doubtless more plausible opinion 
that the most amazing precocity of power is a 
sign of ensuing impotence and premature decay. 
Ihe boy, in this instance, was father of the man. 
His literary activity was unbounded. He took his 
share in the public life of France of his day, and 
helped to administer the affairs of the country. 
Napoleon fired his imagination, but the coup 
d’etat of Napoleon HI. filled him with indignation, 
and France and Belgium became sucoossivoly im- 
possible as places of rcsidenoo. He retired to 
Guernsey, where his literary outpourings pro- 
ceeded unchecked. The fall of the Second 
Empire ‘recalled him to Paris, whore he remained 
throughout the Commune, but, retiring again to 
Brusselsy was again expelled the kingdom. Paris 
once more opened her arms to him, and made him 
a Senator. Almost to the end of his long life he 
continued to write, and though towards the close 
of his career he fell below the^ high standard of 
his earlier work, his record is almost without 
parallel for variety of themes and twatment, for 
nobility of aim and beauty of expression. He has 


li^n jBuiolaimed the finest purely literary spirit 

Humboldt, Friedrich Heinrich Alescander 

b. Berlin, Bept. 14. 1789. d. Berlin, JUy 

As a child he was called ^‘The Little Apothe 
cary," so keen was his devotion to scientific sub- 
jects. At twenty he had matured his powers, and 
resolved upon the career of scientist and explorer. 
All his studies were directed to that end. He 
travelled through Europe, spent some years as a 
mining engineer, resumed his European travels 
and studies, then made a productive exploring 
trip to Mexico and South America. For the next 
twenty years he resided mainly in Paris, engaged 
in scientific pursuits, then went to Berlin, whence, 
at the invitation of the Emperor of Russia, he 
departed on an expedition to Siberia and the 
Caspian ^a. The monumental results of his 
investigations were given to the world in thirty 
volumes of brilliant writings. He found time to 
discharge numerous important political missions, 
and was not less esteemed as a diplomatist than 
as a great master of learning, the Encyclopsedia 
of Science, as Emerson has named him. 

Hume, David 

Ik KdiuburRh. April 26. 1711. <1. Eclliihiirirh. Aug. 2.1, 1776. 

The famous historian and metaphysician found 
himself,” after expeditions in various directions 
in search of a vocation. lie first tried the law, 
then commerce, was at various times companion 
to men of note, Under-Secretary for the Homo 
Office, and Judge-Advocate. He had attained his 
forty-first year when he decided to write his 

History of England,” and completed it nine 
years latt?r. His political and moral essays, 
though not invariably attracting great attention 
at the time of publication, have since had a 
decided effect ujKin the opinion of the country. 

Hunt, William Henry 

b. Ltmdoii, March Ji, ITHO. d. Loud «ii, Feb. 10, 1864. 

The father of English water-colour drawing was 
a puny cripple, son of a journeyman tinplate 
w’orker. Ilis gift for drawing was inexplicable. 
It showed itself when he was ouite young, and he 
was soon copying Gainsboroughs at eight^npenoe 
apiece. A good-natured patron of art took him 
in hand, and gave him an introduction to the 
Earl of Essex, the interior of whose house formed 
the subject of Hunt’s first picture at the Royal 
Academy. Ruskin places him among the greatest 
colourists of this country. Ho left a fortune of 
over twenty thousand pounds, all earned by his 
brush. 

Hunt, William Holman 

b. Londou, April 2, 1827. 

With Dante Gabriel Rossetti, Millais, and 
other artists he founded the “ Pre-Raphaelite ” 
school of painting, which aims at telling the truth, 
the whole truth, and nothing but the truth in a 
painting. The most famous of all his many wed- 
known pictures is “ The Light of the World.” 
The original is in the chapel of Keblo College, 
Oxford; a replica has been sent by Mr. Charles 
Booth on exhibition throughout the British 
Empire. 

Hunter, John 

b. Long i aldcnrood, Lanarkshire, 1728. d. Loudon, Oot. 16. 1793. 

Destined to become the founder of modern 
Bcientifio surgery. Hunter wasted his youth, and 
never quite made good the opportunities negleoted. 
Spelling and grammar were always too much for 
him, yet he was the instructor of the great 
surgeons who were to follow him. He disregarded 
books, and studied instead men, animals, and 
plants. His discovories were of the greatest im- 
portance to the science of which he oecame the 
chief exponent. All the money which he could 
spare he devoted to the collection of specimens 
which, when catalogued years later by Owen, 
formed a priceless possession to comparative 
anatomists. Hunter’s wife was the author of 
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“My mother, bids me bind my hair,” and other 
popular poems. Among his pupils wore Jenner, 
Astley Cooper, and Abernothy. William Hunter, 
another great surgeon, was his brother, and gave 
his more famous junior his first insight into 
surgery. 


Hunyttdl, Jftttos 

b. Hunjnwl, Tiwin'^lvaiiitt. 1.187. d. Beiullii, Cruatin'SUvoiiIx, 1468. 

A great Christian general, he was Regent of 
Hungary during the minority of Ladislaus V. 
His whole career was one long campaign ai^ainst 
the Turks, whom he defeated in many brilliant 
battles. His most famous achievement was the 
storming of Belgrade. 


HusSf John 

b. Prftchaiita. Doheinift, Jtitjr 6. l.’MS. d. Cnnstiuiue. Baden, July 6. 1415. 

His preaching of Wyclifs tenets brought him 
under the ban of the Roman Catholic church. The 
Pope by bull condemned Wyclif’s teachings, but 
Huss continued to expound them, was brought to 
trial, refused to recant, and was burnt at the stake. 
The Hussite war, which followed, was the outcome 
of the resistance of his followers offered to the 
whole forces of the Empire, and sustained for a 
generation at terrible cost in lives to both sides. 


Hutton, James 

b. Ediubnrgh, Jane S. 17J6. <1. Edinburgh. Mwreh 26. 179T. 

The son of well-to-do parents, he received an 
excellent education, and was then placed in the 
office of a lawyer. But his mind from the outset 
ran wholly on science, and when he should have 
been studying lawyers’ laws, he was probing 
Nature’s. His articles were cancelled, and he was 
S3nt to Paris and Leyden to study medicine. This, 
too, he abandoned, and determined to try scientific 
faiming, which conducted him to mineralogy and 
geology, in which his interests really lay. His 
laborious researches led to his discovering the 
modern explanation of the phenomena ot the 
earth's crust by means of changes still in nrogress. 
The Huttonian Theory” was assailea by his 
contemporaries, and it was not until the luminous 
exposition of John IMayfair made the tKinderous 
tomes of the founder of geology )X)pular that the 
significance of Hutton’s discoveries was realised. 
He had no mathematical knowledge, and went 
astray in adopting the phlogiston theory; but, with 
every detraction considered, the value of his work 
remains very high. 


Huzloy, Thomas Honry 

h. E«lliig Hidrtlewx, Sny 4. 1828 d. Eastbounio. Juii«4 29, 1896. 

The seventh child of a seventh child, Huxley 
began his education under his father, who had the 
future Cardinal Newman among his students. For 
the son of a school teacher, his education was 
strangely desultory and irregular. ” I had two 
years of a pandemonium of a school — between 
eight and ton --and after that neither help nor 
sympathy in any intellectual direction till I 
reached manhood.” he recorded. His desire was 
to be a mechanical engineer, but the study of 
Hutton’s works, of logic, and of German, and the 
fact that two of his sisters married doctors, fortu- 
nately led to his taking other paths. He was 
apprenticed to a London surgeon, and at his first 
post-mortem examination contracted an illness 
which loft him with chronic dyspepsia. In his 
twentieth year he announced an important dis- 
covery in relation to the human hair. In the 
same year he graduated M.B., and won a gold 
medal for anatomy and physiology. Like Darwin, 
he was destined to find fame on the sea. He took 
voyages, in the capacity of i^istant-aurgeon, in 
two ships, and in both made important contribu- 
tions to the science of biology. His fame was now 
growing, but he had no funds with whiofa to 
publish the full results of his work. Ordered to 
rojom his ship, he had to throw up his only certain 
income rather than leave unfinished the work of 
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completing the description of his collection of 
Hiiecimens. Fortunately, the position of lecturer 
on natural history at the Royal School of 
Mines fell vifcant at an opportune moment, 
and Huxley was appointed. Ho was now in a 
msition in which he could make his influence 
tolt. I^spite lasting ill-health, he addresi^d him- 
self with heroic energy to the popularising of 
science. In the great controversy on evolution he 

C layed a leading part in support of Darwin. His 
Kitures to his students, to unscientific audiences, 
and especially to working men became famous. 
Honours crowded uixm him, and no man of science 
of his era had greater influence. He was one of 
the first members of the London School Board, 
and accomplished much for the improvement of 
ixipular education. His writings and lectures on 
scientific and philosophical subjects are by this 
time for the most part classics. The nineteenth 
century produced few such splendid brains as 
Huxley’s, few men so strong and courageous and 
lovable withal. 


Huygens, Christian 

b. The Ha^ruB, Holland, April 14, 1629. d. The Hague, Jtiljr 8, 169!^* 

He was the son of a poet and diplomatist, whom 
James I. knighted, ana studied physics, astronomy 
and mathematics at Leyden Universitv. One of 
his greatest advantages was his adaptability. He 
could seize upon and improve a new idea. Thus 
he invented the pendulum clock, on the suggestion 
of Galileo ; and, developing the same imiloso- 
pher’g theory of the acceleration of motion under 
the influence of gra|ity, prepared the way for 
Newton. Huygens, who first ex^ioundcd the 
undulatory theory of li^ht, discovered Saturn’s 
ring and one of his satellites. 

Hypatia 

b. Alfxaudrlx, fourth mitunr t.D. d AI(>xi.tidria, fifth century. 

The daughter of an Alexandrian astronomer, and 
mathematician named Theon, she learned all that 
her father could teach her, then went to Athens, 
where she lieoame so proficient in philosophy that 
she returned to Alexandria to become noted her- 
self as a teacher. She presided in the public 
schools, teaching philosopny and mathematics. 
Her beauty and talent made her very famous, and 
excited the hatred of a bigoted Christrian arch- 
bishop, one of whose creatures headed a riot in 
the course of which she was stripped of her 
clothing and torn to pieces in the public streets. 
Kingsley's novel is founded upon her career. 

IbMP, Henrik 

b, Hkicn, Norwiiy, llaruh 26. 1828. d. Chrlctiiwia, May 28, 1906. 

The failure of his father’s fortune coloured the 
early life of the future poet and dramatist. He 
was apprenticed to an apothecary, but studied 
literature in his leisure, and before he was twenty- 
one published his first work. It was a failure, as 
were several others — dramatic and poetic. He hail 
tried his fortune in journalism and as manager of a 
theatre before ho gained the approving attention 
of the world with the plays which made him 
famous. ” Love’s Comedy,” written in his thirty- 
sixth year, linked his name with the social and 
satirical drama, and the future held no more diffi- 
culties for him, though his works were never re- 
ceived without prolonged and bitter controversy-. 
Ibsonitos see in him the stern moralist depicting 
conditions and life as they are ; his critics find him 
morbid, and a painter of things which ought not 
to be painted. 

Ivan HI. 

b. Mowow, 1440. ^ fl. MaMOW, Oat. 27. 1808. 

Ivan the Great, as he is commonly called, was 
born Grand Duke of Moscow. Finding the 
country divided into many petty states, and tribu- 
tary tb the Mongolian Tartars, he made Russia a 
whole, and became the first Tsar and founder of 
the Russian Empire. Ivan the Terrible (b. 1530 ; 
d. 1584) was an enlightened but cruel and 
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barljiarDUs pvinco, who slew hU own son in a fit of 
pHAsion. He f^xtended the dominion of Russia — 
notably by the acquisition of Siberia. By him 
the first printing press was established in Russia, 
and the mission sent to England by which the first 
treaty between Russia and this country was signed. 


^ Jacquard, Joseph Marie . . 

t). LjroiKi, July 7. nfri. d. near Lyoiti*, Aug. 7, 1834. 

The inventor of the famous silk-weaving loom 


which bears his name was the son of noor parents, 
and while {^ursujng his experiments had to sacri- 
fice everything he possessed to carry on his work. 
He was unsuccessful, and became a labourer, then 
a soldier. It was not until he had entered his 


fiftieth year that the fame of his invention became 
public. Even then he still had years to wait 
before it was perfected. The workpeople of 
Lyons fiercely resisted its introduction, but he 
lived to see it in universal use. 


Jonner, Edward 

b. Berkeley, Glo«.. Huy 17. 1740. d. Berkeley, Jaii. 96. 1823. 

The disooverer of vaccination for smallpox was 


no was iwemy-six wnen ne 
tions, but twenty years had 
eiapsea oeiore tne medical faculty accepted his 
theory. His own hope was that by the universal 
application of vaccination smallpox would become 
extinct. He was rewarded by two Parliamentary 
grants, aggregating £30,000. 


Joan of Arc 

b. Domretiiy, Vnuiue, Jmi. 6. 1412. d. Rouen, ll>«y 30, 1431. 

“The Maid of Orleans” was the daughter of 
peasants. She never learned to read or write, but 
was characterised by boundless mental and 
physical activity. At this time the English wore 
masters of the whole of France north of the Loire, 
and Hen^ V. of England had been proclaimed 
King of F^rance. A local saying that France was 
to TO redeemed by a virgin out of the forest of 
Domremy seems to have impressed the mind of the 
girl. Although she was devoted to her parents, 
and received with reverence the spiritual instruc- 
tion of her mother, she dwelt apart, as it were, 
and dreamed of the prophecy, until she fancied 
that she heard supernatural voices declaring that 
she was the maid appointed to the task. She 
eventually gained access to the Court of 
Charles VII., and persuaded him to give her the 
command of an army. At the head of this force 
she was brilliantly successful. She raised the 
siege of Orleans, drove the English from their 
principal position on the Loire, and had the king 
crowned at Rheims. Still continuing her cam- 
paign against the invaders, she was eventually 
captured by the English at Compiegne - sold, it is 
said, by traitors for 10,000 crowns. Arraigned 
before a spiritual tribunal at Rouen, she was con- 
demned as a heretic, and. according to a version 
upon which later research casts doubt, burnt at 
the stake. 


Johnson, Samuel 

b. UcbAeld, SepteuiWr, IS, 170B. d. Ijnudou, l»et. 13, 1784, 

Johnson owes immortality to his disciple and 
biographer Boswell. The great literary dictatoi^ 
of his age would not be known to posterity as the 
man he was but for his faithful henchman, who 
mirrored his manners, idec^, and diction in a 
manner which Johnson in his own writings quite 
failed to do. Ho was the son of a second-hand 
bookseller, afflicted, in spite of great physical 
strength, with a disease for which ne was 
“touched” by Queen Anne. In spite of his pro- 
digious mental activity, he failed to obtain a 
degree at Oxford during his years of residence. 
He made two or three attempts as a schoolmaster, 
but without success, and came to London, accom- 
panied by a pupil,, David Garrick. He had 
already married a widow, whose small fortune a 
calamity soon absorbed. During many years his 
life in London was one long struggle with ad- 
versity. He was still very poor when he projected 
his famous dictionary. The publisher agreed to 
pay him £1,675 for the entire work. To complete 


it he had to employ six amanuenses, five of whom 
were Scotsmen, whom he affected so heartily to 
despise. The dictionary was dedicated to Lord 
Chesterfield, whose discourtesy and neglect were 
noted in a letter which has become famous. 
During the latter portion of his life, Johnson en- 
joyed a Government pension of £300 a yedr, and 
became the centre ot that literary oirclc which 
Boswell has rendered famous. He had no taste 
for music or pictures: he had many prejudices, 
and was dogmatic, and ant to browbeat those who 
crossed him. But, withal, he was one of the 
greatest figures of his age — a noble-hearted, 
lovable nian, whose wise and witty sayings are to 
this day in ail men’s mouths. 

Jones, Inigo 

b. Lotiiifn), July 16. 1873. rt. London, Juno 21, 1662. 

Like many another genius, this great architect 
began his career in unpromising circumstances. 
His father was so poor that he was compelled to 
pay a debt bv instalments so small as ten shillings 
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penter, but his aptitude for drawing attracted the 
attention of the third Earl of Pembroke, who sent 
him to Italy to study. He is said to have designed 
a palace during this trip for the King of Den- 
mark. His first work of note in England was to 
design the scenery and machinery for the presenta- 
tion of plays by Ben Jonson and other dramatists. 
Following this came his appointment as Surveyor- 
General, and the beginning of his architectural 
work. His banqueting-house in Whitehall was 
intended as part of an immense palace. His 
Lincoln’s Inn Chattel, his residence tor the Queen 
at Greenwich, ana many other notable buildings 
in the capital and the country, caused it justly to 
be pid that “ what was truly meant by the art of 
design was scarcely known in this kingdom until 
he brought it into use and esteem amongst us 
here.” 

Jonson, Beniamin 

h. Ixuuiou, 1573. d. London. Aug 16, 16.T7. 

One of the most celebrated poets and dramatists, 
he was the posthumous son of a clergyman. His 
mother marrying a bricklayer as her second hus- 
band, the boy was taken from school, and put to 
work at his stepfather’s trade. His spirit revolted 
against it and he fled, to join the Army as a 
private soldier, and serve bravely in a campaign 
in Holland. Returning to England, ho got him- 
self entered at St. John’s College, Cambridge, 
but was forced back to London, to earn his bread 
as author and actor. A duel with a brother actor 
terminating fatally for his antagonist, Jonson was 
imprisoned, and narrowly escaped execution. At 
twenty-four he published his famous play, “ Every 
Man in His Humour,” and thereafter produced a 
play annually for several years, in addition to 
masques and smaller pieces for the Court. His 
share in a dramatic piece which Court favourites 
resented nearly cost him his nose and ears, which 
he was condemned to lose in the pillory. He soon 
regained the Royal favour, and was appointed 
Poet Laureate, and, following journeyings on the 
Continent, was the recipient of an honorary degree 
from Oxford University. But his health was now 
impaired, and he died of palsy, and was buried in 
Westminster Abbey, wi^ the simple epitanh, 
“ O, Rare Ben Jonson.^ His dramas exhibit 
pungent humour and profound philosophy. They 
are unequal, as are his poems; but wnile Shake- 
speare is accounted among the gods of English 
verse, Jonson is in the forefront of the giants. 
Some of his songs are for all time. In spite of 
his poverty and hard youth, he was among the 
most learned men of his age. 

JoMphua, Flavlua 

b. JitniHUira. 87 A.D. d. Roum, aeoond oentuir a.ii. 

The great Jewish historian was the son of a 
priestly house, and bo early profited by educational 
advantages that he wm frequently consulted as a 
youth by the high priests and prominent oitixens 
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upon points of Jewish law. After thr^ years in 
the wuderness as the pupil of a hermit, he went 
to Rome. His visit impressed him with the 
power and resources of that empire, and upon his 
return he did all he could to dissuade his country- 
men from their contemplated rising. His voice 
was not heeded. He himself was swept into the 
revolutionary movement, and hold important mili- 
tary commands until defeated and talcen prisoner 
by Vespasian. The latter befriended him, and 
upon becoming emperor gave him a residence in 
Rome. Here Josephus produced his immortal 
literary works. 

Juvenal, Decimus Juniua Juvenalis 

li. Aqulniuiii, luly. flmt ceiitui-} a. it. d. ntMint 14d a.i>. 

Little is known of the life of this celebrated 
Roman satirist. He was the son, either by birth 
or adoption, of a wealthy froedman, who gave him 
a liberal education. Half his career was spent at 
the Bar, where he acquired considerable reputa- 
tion. Against his will he was sent to Egypt, and 
resided afterwards for some time at his native 
place. His immortal satires were directed against 
the social vices of the early Roman Empire, and 
underlying them all is a strong dislike of the 
im|)erial regime, and regret for the loss of the old 
Republican system. Dryden’s translations of 
Juvenal are among his finest work. 

Kant, Immanuel 

b. KSnigiiberg. (lenuaiijr. April 22, 1724. <1. KdiiitcaliriK, Frb. 12. 1S04. 

The son of a poor saddler of Scottish stock, he 
studied at the local university, and never resided 
away from his native city. He was successively 
private tutor and university lecturer. He lectured 
on logic and the various branches of metaiibysics, 
on anthropology, physical geography, and mathe- 
matics. His great work, the “Critique of Pure 
Reason,” was twelve years in preparation. It was 
only during the last twenty years of his life that 
he was famous, though he had published several 
treatises, in one of which he predicted the exist- 
ence of Uranus, which Herscnel afterwards dis- 
covered. His fame spread throughout Europe as 
work after work followed his “ Crititjue,” and an 
enormous impulse was given by his labour to 
critical philo.sophy, of which he was the founder. 

Kay, John 

b. iimr Bury. l.iuic«.. July, IS. 17(U rt. Kmiu***, after 17rt4. 

The inventor of the “ fly shuttle ” was twenty- 
nine when granted a patent for this extremely 
important invention — ^rhaps the most important 
improvement ever marie in the loom. His patent 
was unblushingly infringed by the manufacturers 
of his day, and the costs of litigation almost 
beggared him. His brain teemed with schemes 
for further improvements in industrial machinery, 
but the mob broke in and destroyed everything he 
posses^d. He fied to France, ami there died in 
obscurity and poverty. British industry owes an 
vituniiuuB uebi lu iiiin |?uur lugiiivv, whu smrved w 
death in a foreign land. 


ivemis, aionn 

b. Luiidon. Oct. 31. 17Sn. il, Koiuc. Fob 23, ISQ. 

This rare and great genius was the son of an 
ostler, who had marrioa the daughter of his em- 
ployer, a livery -stable keei>er in Moorfields, Lon- 
don. The poet was born in the bouse adjoining 
the stables, and went to school at Enfield, where, 
after two idle years, ho ^plied himself with extra- 
ordinary enthusiasm to tne study of literature, of 
which classical mythology was His favourite. He 
carried from school some Latin and French, but 
no knowledge of Greek in the original. Keats 
inherited a modest competence from his grand- 
father, a practical old man, who apprenticed him 
to an Edmonton surgeon. The work did not 
appeal to the poet ; and though he studied for 
throe years at the London hospitals, he withdrew 
at the earliest possible moment to devote himself 
to the muse, encouraged by the example, if not 
advice, of his literary friends, among whom were 
Shelley and Leigh Hunt. “ Endymion,” though 
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uot free from fault, contains so many beauties^ that 
it was hailed with acclamation by all but* the 
terrible “ Blackwood ” and ” Quarterly,” which 
attacked it with characteristic ferocity. He bore 
the onslaughts bravely, but they left an in- 
eradicable scar. The last volume contains some of 
his finest work, but his health was broken. His 
devotion to a sick brother, the fatigues of a walk- 
ing tour in Scotland, and his passionate love for 
a woman who did not appreciate him, rendered 
his condition critical. He went to Rome, and died 
three months after arrival. He had many friends, 
one of whom- Severn the artist— acoompanied him 
to Romo, and tenderly nursed him until he died. 


Keble, John 

b, Fnirfurd, UluA., Apiil 2J, 17H2. il, Honntei)>oiith, Maroh 2D, 1S6S. 

The “sweet singer of Israel” and true saint, as 
Mr. Gladstone called him, was an Oxford professor 
and a clergyman. With him originated tne Trac- 
tarian Movement, culminating in the famous 
“Tract No. 90.” His “Christian Year” is^ the 
most famous of his poetical writings. Keble 
College, Oxford, was erected to commemorate 
him. It is for students of limited moans. 


Kelvin. Willinm Thompson. Lord 

b. Bnlfiwi, JunE> 2R, 1H24. 

His father was Professor of Mathomatios in the 
University of Glasgow, where, at the age of 
twentv-two, young Thompson was to begin a pro- 
fessorship of natural philosophy which was to last 
over half a century. Meanwnile, he much dis- 
tinguished himself at Cambridge University. Not 
only was he a brilliant student, he was famous as 
an oarsman. At seventeen he attracted the atten- 
tion of scientists by a brilliant pa^ior on heat and 
electricity, which snowed quite original method of 
investigation, and was destined to be of imixirt- 
ance to subsequent investigations. Since then his 
writings on science have been beyond enumera- 
tion. and their effect ujxin the scientific learning 
of the age above comparison. His inventions are 
of equal importance. Jt is by those in the field of 
t(*legraphy, and those which form aids to naviga- 
tion, that ho is b<*st known to the public. His 
share in the Atlantic cable brought him a knight- 
hood ; his inventions of the magnetic compass and 
of his famous sounding-machine, which <>nables the 
depth of water to l>e taken without a ship 
slackening speed, make his name a household word 
with sailors. His researches in electrostatics gave 
us those infinitely fine instruments which embody 
the fierfection of mechanical and geometrical ad- 
justment. He has received all the distinctions 
Tmssiblc to a man of science, and his jubilee at 
Glasgow University drew together a notable 
gathering of British and Eurojwan scientists. 

Kempis. Thomas a 

1 . 1 .'.....^.. 1 S 7 »«. d. Zwc.Ile. llullaitd, Jul.VJfl, 1471. 

His real name was Thomas Hamerken; that by 
which he is known comes from his birthplace. H" 
was trained in an Augustine convent near his 
native town, and became eventually its superior. 
Of all his writings, the “Imitation of Christ,” of 
which he is believed to bo the author, is the most 
famous. No other ^>ok, after the Scriptures, has 
been so often reprinted ; none other translated 
into so many languages. A oouy of the work not 
the first— in the handwriting of Thomas himself is 
to be seen in Brussels. 

Kepl«r. Johann 

b, WHl, OeriiiAnv. Dec. 27. l’7l d. R*ti(ilinii. OnritUiiiy. Nov, is, law. 

He was the son of poor gentlefolk, and himseljf 
scarcely over free from domestic worries. His 
first aonointment was that of mathematical lec- 
turer at Gratz, he not having as yet taken any 
interest in astronomy. Fortunately, he was 
brought into communication with Tycho Brah4, 
who directed his studies to the work with which he 
was to immortalise himself. After labouring for 
some time with Tycho, Kepler succeeded him as 
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astronomer to the ^ Em{>eror Rudolf, and at the 
death of the older man inherited his vast store of 
facts, as he had benefited by all that he had 
learned of him. The publication of his famous 
astronomical laws formed the basis of Newton’s 
work, and the foundation of modern astronomy. 


Kingsley* Charles 

I). tHi tmotn:. June 12. d. RverMey, Haute. Jau. 23, 1875. 

The son of a clergyman, Kingsley, after a suc- 
cessful course at Cambridge, took orders, though 
at one time he had such religious doubts that he 
declared his intention of quitting the University 
for the prairies. He first became curate, then 
rector of Eversley, interested himself in Christian 
Socialism, and became one of its most jiowerful 
ex^xinents. His earlier novels, written with this 


purnose in mind, excited extraordinary interest. 
Under the pen-name of “ Parson Lot ” he wrote a 
great number of articles for the Press, further 


elaborating his doctrines. The latter he put into 

g ractioe in his daily intercourwi with his own 
ock* He hold two professorships, and was made 
Canon of Westminster and chaplain to Queen Vic- 
toria. Mi8.s Mary H. Kingsley was his niece. His 
second daughter, who in 1876 married the rector 


of Clovelly, but has siiiwi become a Roman 
(Catholic, is the well-known novelist Lucas 


Malet.’’ 


Inheriting talent from both sides of his family, 
he was sent home to Westward Ho for his educa- 
tion, then, returning to India, was put to work 
on a newHpa|>er. The short tales which were later 
to make him famous were written for the paper 
with which he was associated, and accepted as 
additions to routine work not willingly, but as a 
favour to the author. These he eventually put 
into book form, issuing thorn one at a time in 
slim, pa|>er-backed volumes. They made his name 
at once in India, and later in England. Since 
then he has travelled almost as far us his fanie. 
He ni Buried an American lady, and nearly died 
in the land of her birth in 1899. The “ Hard of 
Empire,” as he is calk'd, he is also the laureate 
of the barrack-room. His noblest comixjsition — 
one which, whatever befall the rest, is sure of im- 
mortality- is his grand and splendid “Re- 
cessional,” written for the Diuniond Jubilee. 

Klrcher Athanasius 

b, 0«lm, (leriiiJuiy. M»y2, <1. Koin^, Nov, 28. IfiSO. 

Although he was a great scholar and mathema- 
tician, Kirch<*r, who was nrofessor first at Wurz- 
burg of philosophy, mathematics, and Oriental 
languages, then of mathenjatics at Rome, is best 
remembered as the inventor of what is still 
r>opularly termed the magic-lantern. 


KlopstocK, Frisdrich Gottlieb 

b. Saxony, July 2. 1724. «i- Hnuiburff. Mtiroh 14. isa’l. 

The founder of modern \x)etry in Germany was 
educated at his native Quedlingburg, at Jena, 
and at Leipsic. Inspired by Milton, and, to 
a lesser extent, by Virgil, he published three 
cantos of his sacred epic, the ” Messiah.” This 
at once brought him favour and fortune. The 
completion of his ejne occupied him nearly thirty 
years. It has been superseded by far nobler 
works, but its influence in creating a German 
poetic literature can never bo overlooked. 

b. H ^ <1. KdlnburKh. Nov. 24, 1572. 

The iJerfect symbol of Reformation jn all 
countries and times, as Ruskin has called him, 
was first a lawyer in Glasgow, where he was odu- 
tted at the university, then a priest of the Roman 


was brought in touch with a Lutheran reformer, by 
whom his religious opinions were much influenced. 
This man, wTshart, was V>urned^at the stake for 


thither Knox, who was now formally admitted to 
the ministry. St. Andrews yielded to the French, 
and Knox was confined to the galleys for eighteen 
months. .Upon his release he travellea and 
preached in England, was made one of the chap- 
lains to Edward VI., and assisted in the reforma- 
tion of the second Prayer Book. On the accession 
of Marv Tudor he flod to the Continent, and came 
under the influence of Calvin. His ” Blasts of the 
Trumpet Against the Monstrous Regiment of 
Women” was first directed against Mary of Guise, 
then Regent of Scotland, against Mary of Eng- 
land and Catherine do Medici, but it complicated 
his relations with Mary Stuart. When the latter, 
as widow of the Dauphin, retiirnoO to Scotland, 
the battle betwt?en herself and him at once began, 
and led to the dramatic interviews which have 
become famous. In the end, thanks mainly to his 
efforts, Roman Catholicism was abolished in Scot- 
land. The times in which he lived were violent, 
and the cause which he made his own was en- 
dangered by many terrible deeds by his disciples. 
He himself was rough and rude at times, but the 
verdict of history upon his life, his acts, and his 
writings is that po one in England or Scotland 
who values lilierty national, civil, or religious — 
can spt'ak of John Knox without reverence and 
gratitude. 

Koch, Robert 

b. KlauHthHl. Germaiiy, Dec. II. 1S4.‘I. 

It was while practising as a physician that he 
Ix'gan those researches in bacteriology which have 
made him famou.s. His investigations as to 
anthrax, Asiatic cholera, rinderpest, and bubonic 
plague have led to imf)ortant results. Contro- 
versy still rages round the conclusions which he 
has reached on the subject of tuberculosis. 

Konig, Friedrich 

b. OcniiAiiy. April 17, 1774. d. Jm) 17, 1833, 

Trained to the trade of a printer, he devoted his 
leisure to planning a steam press. This, with the 
assistance of Benslcy, a London printer, he was 
able, ill 1810, to patent. In the following year he 
obtained a patent for a cylinder press, which, in 
improved form, was adopted three years later for 
the printing of the “'I’imes.” 

Lagrange* Joseph Louis de 

b. Turin, Jan. 5». I7««. d. Api U 10. 

Interested at first in literature rather than 
mathematics, he eventually devoted himself to his 
calculus of variations, which had highly important 
results for the higher branches of physical 
astronomy. He was for twenty years a professor 
at Berlin, on the invitation of Frederick the 
Great; but, turning to Paris, was received with 
honours and emoluments, to devote the rest of his 
days to the dissemination of knowledge in the 
French caiiital. 

Lamarck* Jean Baptiste Pierre Monet de 

b. Biuieutli). Yrtium, Aiiif. I. 1744. d. PeuiH. Dec. 18, 1820. 

The founder of invertebrate zoology was for 
some years in the French Army, from which his 
retirement was nooesaitatod by an injury. He 
became bank clerk, studied medicine, and then 
botany. Securing an apixiintment at what has 
since become the Jardin cles Plantes, on the crea- 
tion of the museum, he became responsible for 
the lowest order of animals, what Lmnseus had 
called merely insects and worms. These he re- 
classified into ten classes, and, though his work 
has been superseded by subsequent labourers in 
the same field, its importance at the time was very 
great. His researches led him to the theory that 
dtered conditions of life lead to variation of 
“pecies. He was :wi 4.1.:^ ,*..4.4..... 

larwin and his a 

Lamb, Chartoa 
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wealthy Bencher of the Temple. He was entered 
at Christ's Hospital --the Blue Coat School — where 
Goloridife, his lifelong friend and first collaborator, 
was also a pupil. Lamb became a clerk in the 
South Sea House, and afterwards in the India 
House. When ho was twent.v-one his sister Mary, 
in a fit of madness, murder<'d their mother. 
Thereafter ho became her constant guardian, de- 
voting his life to her care. In her lucid int^^vals 


Latimer. Huftb . 

1>. Thurcaatoii. Lelcvrter, About 1489. d. Oxford, 06t, le, lliSS. 

The son of a yeoman farmer, be became Bishop 
of Worcester.. He was one of the divines who 
found in favour of the divorce of Henry VIII. 
In his forty-fifth year ho was, in his own words. 
'' as obstinate a Papist as any in- England.’’ 
From that time, however, ho turned strongly to 
the Protestant faith. Called upon, after the 

anrtACBfnn 'S^nn.r VtA j4^r>liv>A«4 


he was forty-five, and appeared in “The London 
Magazine.” The name under which he wrote was 
that of a former cU^rk in the India House. 
He enjoyed the friendship of all the literary men 
of his age, and was recognised as a critic and 
humorist of the highest order. When, after a 
generation s\ient in the service of the India House, 
he retired on a iiension of £450 a year, he went 
with his sister to Edmonton. His term of rest was 
not more satisfactory to him than the condition of 
retirement which ho describes in one of his essays. 
His sister Mary was all her life subject to fits of 
insanity, and these became more frequent and of 
longer duration as age increased. His last days 
were thus saddened by this grief, and also by the 
loss by death of many of his dearest friends. In 
life he was the same gentle, merry, tender-hearted, 
deliirhtful man which his writings suggest, and his 
position in the affections of {xjsterity can never be 
assailed. 

l«andse«r. Sir Edwin Henry 

b. 4.rtnclun, MiltcIi 7, IWZ d. Koiulon. Oct. 1. 187:1. 

The youngest of a talented brotherhood, Land- 
seer was the son of an engraver, who early taught 
his son the art of drawing from life. W^hen he 
was yet in his fourteenth year he exhibited a 
picture at the Royal Academy, while at sixteen he 
became famous ' with the picture “ Fighting 
Dogs.” From that time forward he was a 
regular exhibitor at the Academy, of which he 
l>ecame an associate, then a member, and finally 
defined the presidency. Ho attained the very 
highest rank among animal paint<‘rs. Deer and 
dogs and horses wore his favourite studies. His 
one fault was that he gave his animals too human 
an expression. The noble lions at the base of the 
Nelson monument in Trafalgar Square are of his 
execution. He received the commission in 18C8, 
and the figures were finally placed in fiosition in 


Lao-T axe 


K 604 n c„ H*>n:ui. ChfnA. China, dat 3 tmkiiown. 

Although five-and-twonty centuries have elapsed 
since the birth and death of Lao-Tsze, his birth: 
place and the temple erected in his honour arc 
still pointed out. He was for some time one of 
the keepers of the king’s archives, but retired to 
live a life of quiet and contemplation. He be- 
queathed to his fjountry the religion which, with 
Buddhism and Confucianism, still holds sway to- 
day. It was the simple and quiet life whicn ho 
preached. He deprecates learning and recourse to 
arms, and bids his followers requite injury with 
kindness. Confucius, who was much his junior, 
went to see him, and was reproved for troubling 
himself with the affairs of the world. The teach- 
ing of this philosopher is contained in his classical 
“ Book of the Way.” 


I, Pierre Simon Marquis de 

. raiifft, March SS. 1749. d Part*, March 6, 1S87. 

The son of a farmer, he became a professor of 
mathematics, and renowned for his mastery of the 
whole science of mathematics and its application 
to^ practical -astronomy. For six weeks he was 
Minister of the Interior under Napoleon. His 
contributions to science deal with the tides, with 
lunar motions, and the nebular theory. 
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LaTolsier. Antoine Laurent 

b. Parin. Aux- 98. 1743., d. Parlm May 8, 1794. 

One of the crimes of the French Revolution was 
the execution of Lavoisier, the father of modern 
chemistry. A man of exceptional talent, he first 
exploded the phlogiston tneory of combustion. 
Until this was dispelled, although Black and 
Cavendish and Priestley were doing brilliant 
work, substantial progress could not be made. 
Lavoisier showed that the true theory of com- 
bustion was a process of oxidation. This opened 
up the way to the correct study of life, by render- 
ing the function of respiration and the production 
of animal heat for the first time intelligible. This 
was not his only disoovery, but it was the most 
important, as establishing the basis upon which 
modern chemistry has been built. He accepted a 

f iosition as tax-farmer in order that he might 
lave funds with which to carry on his experi- 
ments; and. popular rage being excited against 
all concerned in tax-gathering, he was condemned 
and guillotined when in the prime of life. 

Layard. Sir Austen Henry 

b. Paiti, Maruh S, 1817. d. Lundem, Jbly 6, 189*. 

He had two careers. One was as member of 
Parliament and 
earlier, was the m 

which his fame w _ 

plored the remains of ancient Nineveh, and made 
important contributions to our knowledge of 
Babylon and of the inscriptions on Assyrian 
monuments by which the history of the Old World 
is revealed. 


Leibnitx, Gottfried Wilhelm yon 

h. Lelpa c. July 6, 184 1. d. Hanover, Mot. 14. 171S. 

Equallv celebrated in philosophy and mathe- 
matics, Leibnitz is regaroed as having possessed 
one of the finest minds of his own or any other 
time. He inherited a bent for philosophy from 
his father, and was free to pursue his education 
under the wisest thinkers. With the Elector of 
Mainz he was engaged in literary and ixilitical 
work. A similar appointment at the Court of 
Hanover led to his undertaking a history of the 
House of Brunswick, and the character of his 
labours entitles him to be regarded as one of the 
first of the critical school of historical research. 
He was the inventor of the calculus. It is 
claimed for Newton that he arrived at the same 
discovery by independent research. The point 
was the" source of long and acrimonious . debate 
between followers of the two men, but there seems 
little doubt now that the German was really the 

E ioneer. He visited England, and met the mem- 
Bfs of the Royal Society, and endeavoured to 
institute similar bodies in all the capitals of 
Europe. His discoveries as to the laws of energy, 
his work in material directions for the better 
health and comfort of his follows, his part in the 
theological discussions of the age, all show the 
universality of his genius. 




One of the greatest of the Roman fathers, he 
was of a good Tuscan familv. and during bis early 
manhood was employed in distant missions, whiefa 
brought him in contact with St. Augustine. Ho 



was tailed to the Papal chair when abs^t^ on on© 
of these errands. He entered with spirit into the 
duties of his high office, and established a 
precedent by preaching from his own pulpit, 
when Attila overran Italy, and had Rome at his 
mercy, it was Loo who interceded for the capital. 
He was less successful when the Vandal Genaerio 
invaded Italy. Rome was sacked, but the Pope 
managed to induce the conqueror to forTO some 
mcMure of the conqueror’s licence. The re- 
mainder of his days Leo devoted to repairing the 
ruin which the barbarians had wrought. The 
Roman Empire had fallen, to rise no more; but, 
thanks to his efforts, Rome now became the 
spiritual centre of the West. 


Leonardo da Vinci 

b. Vlnd. Italy, 14«J. . d. Cloux. Franca, May 2, 161». 

One of the most richly-endowed of Nature’s 
sons, he excelled in art, in sculpture, in all forms 
of engineering, in music, and in writing. His 
father was a Florentine notary, who gave him the 
advantage of study under the greatest masters of 
the age. But it was as engineer to the Sultan of 
Cairo that the artist first attracted attention. He 
resumed the old life years later, when he was 
appointed to drain the plains of Lombardy, as 
well as direct the Court pageants. Few of his 
paintings remain. One, however, “ The Virgin of 
the Rocks,” is in the National Gallery, London. 
His famous “ Last Supper,” still, after four hun- 
dred years and in spite of many restorations 
necessitated by damp, one of the greatest art 
treasures in the world, was painted on the re- 
fectory wall of the Santa Marie dello Grazie Con- 
vent. His most notable sculptural work was the 
equestrian figure of Duke Francesco of Milan, a 
colossal and noble statue, which the French 
destroyed in 1800. Apart from his great subject 
pictures, he painted many lovely easel pictures; 
out the student now must rely mainly utoh his 
drawings, of which many authentic collections 
exist in England and on the Continent. His cele- 
brated treatise on painting was published in 1651. 


Le Sage, Alain Rene _ , « 

b. S*nM»uTftrltt*iiy. JHiiy S, 108(1 d. Boulogne. Nov. 11.1747. 

Having failed at the Paris Bar, he turned to 
literature, and poured out plays, stories, and 
translations. Most of them were failures. His 
famous play ” Turcaret ” was at first rejected. 
His fame rests upon that and upon his greater 
work, the immortal novel ” Gil Bias.” TTie 
originality of the work is challenged ; his enemies 
called it a more conveyance from Spanish sources. 
But, though the scon© and oharaotora are Spanish, 
the treatment is essentially French, and the result 
and glory his. He was the first to see the possi- 
bilities of the picturesque novel, and later writers 
of romance owe him an immense debt. 


b. fess! nf«2frB.*!l?rtn8. 1786. d- Coat*. FlfeahlrB. Nov. ». ^ 

The son of a carpenter, he was enabled, by the 
kindness of the eighth Earl of KinnouU to study 
at the University of St. Andrews. Engaged by 
his friends the Wedgwoods to superintend their 
studies, he had time for experiment and research, 
which resulted in the production of a differential 
thermometer, a hygrometer, and a photometer. 
Afterwards he travelled much, and conducted in- 
quiries into the nature and properties of heat, 
with the result that he was tho first to announce 
important discoveries in relation to the radiation of 
heat. He also first announced the process of arti- 
ficially freezing water— a discovery of conside.rable 
importance. He became mathematical professor 
at Edinburgh University, and made many notable 
contributions to the scientific literature of his age. 


Lasaapa, FardlPand Vlacomtt da tw 7 ism 

b. V*wain»r Not. 19. TSM. , 

Educated for a diplomatic career, he went, in 
the course of his prpfesHion, as French Consul- 
General to Alexandria. "When he returned, years 
later, on a visit to Egypt, he unfolded to Baid 
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Pasha, the then Viceroy of Egypt, his scheme for 
the Suez Canal. Tho project met with fierce 
opposition, nowhere more severe than in England. 
In spite of all difficulties, ‘ however, tho wors was 
carried to a successful conclusion, and to-dav 
England is paramount shareholder in the canal. 
Honours were heaped upon tho engineer, but with 
his scheme for the Panama Canal came ruin. 
Enormous sums were involved in the work, and in 
1892 he, with five directors, was condemned to im- 
prisonment for breach of trust. He was too ill to 
undergo sentence, and died at his own houra in 
the following year. De Lesseps was a cousin of 
the Empress Eugenie. 


LeTerrier, Urbaln Jean Joseph _ 

b. Bt. L6, Nonnwidy, March 11. 181\ d. PHrii, Sept «l, 1877. 

He at first intended to devote himself to 
chemistry, but a post as teacher of celestial 
physios was offered to him, and he became one of 
the greatest astronomers of his age. Certain 
planetary irregularities led him to investigate the 
cause. He predicted that the origin of the dis- 
turbance would be found in tho existence of a then 
unknown planet. Unsuspected by Leverrier, 
Adams, the English astronomer, had at about the 
same time committed himself to a like prediction. 
Within a few days of tho Frenchman’s announce- 
ment, Gallo, of Berlin, actually discovered th 
planet — Neptune. Tho two prophets shared th 
honours of the prediction. Leverrier had a sharw 
in shaping the x>olitical destinies of France, but it 
is in astronomy that his fame is established. 

Liebig, Jjaetue Baron von . 

b. DarmsiMt, ueniukiiy. May its, d. Munich, April IS. lS<.i. 

One of the greatest chemists of all time, Liebig 
claims the gratitude of posterity not only for the 
immense amount of data which he himself added 
to the stores of knowledge, but for the enormous 
impulse to the study and development of chemistry 
which he gave through tho hosts of brilliant 
students who during two generations sat at his 
feet. His father was a drysalter. and tho boy was 
fired with a desire to become a chemist from read- 
ing old-time experiments. The result of his 
laTOurs was the foundation of agricultural chemis- 
try, in itself sufficient to make him for all time 
famous. In addition, he shared in the discovery 
of chloroform and chloral, and in the extension of 
the functions of organic and animal chemistry. 
He invented an extract of beef which has made 
his name known throughout the world. As 

E rofessor of chemistry at Giessen and Munich, 
is lectures attracted students from all parts of the 
civilised world ; and so great was ho as a teacher 
that ho trained his sons in science almost to equal 
him in his own day. His successors, of course, go 
far beyond the frontiers to which he had advanced, 
but as a pioneer his work was of incalculable value 
and merit. 


Lincoln, Abraham 

b. Kentucky, U,8.A., Keb. IV, 1809. d. WMhInirton, April 18. 

The sixteenth President of the United States of 
America was the son of a backwoodsman, and was 
born in the wilds of Hardin County. Kentucky. 
He received an education which could barely be 
said to comprise the three R’s; but he did learn 
to read. During youth and early manhood he was 
Bucoessivelv farm labourer, boat-hand, splitter of 
raib for his father’s log hut, salesman in a tiny 
store of hip own which made him bankrupt. Then 
he began to study grammar and law, and qualified 
himself for the acceptance of a minor State office, 
and to contest a seat in tho Legislature. He prac- 
tised law at Springfield, fought in a war against 
Indians, then resumed his attempts to enter the 
Legislature. Successful at last, he attracted wide- 
spread attention as an unbending opponent of 
slavery. Finally, in 1868, he was elected, as a 
Republican, President of the United States. His 
election precipitated a crisis in th© affairs of the 
nation. The slave-owning states, seeing that an 
end of temporising had come, seceded from the 
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Union, ao that they might be free to retain their 
slaves. The North determined that the South 
should neither retain slaves nor secede from the 
Union. The result wae the most terrible civil var 
in history. Lincoln, as President, issued a pro- 
clamation liberating all slaves. He behaved with 
courage, fixity of purpose, and diplomacy through- 
out the war, and hacf been re-elected for a second 
Presidential term before the conflict ended. It 
was while he was occupied with plans for the re- 
construction of the deyasted South that he was 
assassinated at a Washington theatre by an actor 
named Wilkes Booth. He was one of the greatest 
men America has produced. A sincere Christian, 
though not attached to any one church, he was 
truthful, honest, abstemious, a pattern of morality 
and probity. He was the saviour of his country 
and the einanoipator of a race. 

Linn»ua, Carl 

b. BSshult. Swedeu. May 23, 1797. d. Upnala, Sweden, Jan. 10, 1778. 

The founder of modern botany was the son of a 
poor clergyman, from whom he inherited his love 
of Nature. Declining to devote himself to a 
clerical life, the boy was apprenticed to a shoe- 
maker, but managed to work his way to the 
Universities of Lund and Upsala. living on £8 a 
year, and making his own boots from the bark of 
trees. Luckily, he attracted the notice of a man 
whose interests were similar to his own, and for 
the future his path was smooth. When twenty- 
four, he was sent on an expedition to Lapland, 
whence he returned with a mass of new material 
on natural history. Befriended in Holland by 
Boerhaavo, he was given charge of the gardens 
and collection of a wealthy Haarlem merchant. 
His career closed with an ap^xiintment to a pro- 
fessorship of physic and botany. He devised the 
system of classification of the animal and vege- 
table world called, after himself, the Linnsean 
system, and his grouping has been of inestimable 
value to succeeding generations of botanists. 

Lister, Joseph, Lord 

b. KMex, April 6, 1827, 

The son of a scientist, he has held during his caro<*r 
professorships at Edinburgh, Glasgow, and King's 
College Hospital, London. He was house-surgeon 
to the groat Syme, whose daughter he married. 
His original work has included observations on the 
coagulation of the blood, on inflammation, on the 
fibre of the involuntary muscles. But his greatest 
triumph-^the greatest triumph in surgery of the 
age - has been the introduction of the antiseptic 
treatment. The effect of this is so great that it 
seems impossible to realise that the reform has 
come about within living memory. The use of 
ansesthetics took surgery at a bound far in ad- 
vance of the methods of the past. The surgeon 
had no longer to depend simply upon nerve and 
speed for the successful performance of an opera- 
tion. His patient feeling no pain during the 
operation, he was able to do his work carefully at 
his leisure, and to observe all the signs necessary 
to the proper treatment of the case. But to 
counterbalance this boon there were the deadliest 
after-effects. The wounds became corrupt, and 
the healthiest patients died of blood-poisoning. 
People were afraid to enter hospitals, so terrible 
was the mortality rate after ofierations. New 
wards, new hospitals, were built, in the belief that 
the fault lay with the old buildings, but the deaths 
in the new buildings were as numerous as in the 
old. Lord Lister, seizing upon the discoveries of 
Pasteur as to the prevention of putrefaction by 
atmospheric organisms, saw that he must render 
the wound insusceptible to the influence of these 
deadly foes. His purpose was effected by the use 
of carbolic acid. First methods were necessarily 
crude, but those led step by step to the ultimate 
goal. The highest honours have been bestowed 
upon this great benefactor of the human raoe, and 
ms fame is world-wide. , He is the first man ever 
called to the House of Lords in recognition of his 
supreme eminence as a medical man. 
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Liast, Frans 

b. Bttnirarjr, Oct, 29. ISll. d. B«l]«ath, Q^nnkur, July 81, 1-... 

The Paganini of the piano determined that he 
would attain to that degree of perfection after 
hearing the groat violinist play. He was already 
master of the instrument, having played, when 
only nine years of age, at a great concert at which 
Beethoven was present. In recognition of his 
talent, six Hungarian nobles had defrayed the cost 
of his education. His career as a virtuoso began 
in his twenty-eighth year, when he won triumph 
upon triumph in the great cities of Europe. His 
earlier performances had won appreciation and 
wider knowledge for the work of Beethoven. He 
was now able to introduce the music of Wagner, 
Berlioz, and Chopin. Settling down for a time as 
director of the Court Theatre at Weimar, he pro- 
duced Berlioz’s “ Benvenuto Cellini ” and two of 
the operas of Wagner, to whom a daughter of 
his was married. In 1865 Liszt entered the 
Church, to be known thenceforward as the “ Abb6 
Liszt.” His compositions, which previously had 
been brilliant works for the pianoforte, now be- 
came mainly suited to the use of churches. Before 
his death ho was ennobled and granted a hand- 
some pension by his native country. 

Livingstone, Dnvid 

b. BUtiiyi«, Laniu^luhire. March 12. ISIS. d. Iliila, Africa, May 1. 1(C3. 

The son of quite a poor man, he had to begin 
work as a picoer in a cotton factory when ten 
years of age. With his first wages ho bought a 
Latin grammar, and by its aid mastered Virgil 
and Horace. His evenings wore devoted to study, 
although he had to be in his place at the factory 
by six o’clock in the morning. While at work he 
used to fix his book on the spinning-jenny, so that 
he might glance at it in passing. At nineteen he 
was earning enough money to admit of his attend- 
ing classes for the study of medicine, Greek, and 
divinity. He had already made up his mind to be 
a missionary. It was to China that his heart 
turned, and he would have gone there had not the 
opium war prevented it. Ho went to Africa 
instead, and there found his vocation as mission- 
ary and explorer. His first work was among the 
Bechuana, whom he befriended as doctor and 
missionary. During these years he married a 
daughter of his friend and leader, Dr. Moffatt. 
The failure, through Boer dislike, of his proposal 
to plant native missionaries in the Transvaal, set 
him upon his travels. Without attempting to tell 
the wnole story of his stirrinfi: career, of his 
voyages to and from England, his receptions and 
honours, it is possible briefly to summarise his 
achievements. He discovered Lake Ngami in 
1849; explored the Zambesi and Kuanza basins to 
Loanda, 1851-4 ; recrossed the continent from 
Loanda to Quilimane, discovering the vast Victoria 
Falls, in 18^; led a Government expedition up 
the Zambesi and Shire rivers, and disoovered 
Lakes Shirwa and Nyassa, 1858-9; explored the 
Rovuma Valley in 1866, the Chambozi in 1867, and 
Lakes Tanganyika, Moero, and Bangweolo, 1867-9; 
was at Ujiji in 1869; navigated Tanganyika, and 
was relieved when in precarious plight by Stan- 
ley, at Ujiji in 1871; parted from Stanly at 
Unyanyemb© in , 1872, and returned to Lake 
Bangweolo. During these years he had had many 
trials, mental as well as physical. He had been 
grieved by the prevalence and extension of the 
slave trade carried on by the Portuguese, and had 
battled strenuously against it. He had suffered 
severely from privation and fever and dysentery. 
He succumbed at last at Ilala. His faithful native 
servants found him dead in the morning. He had 
passed away as he knelt at prayer. They 
reverently embalmed his body ana carried it to 
the coast, to be brought home and laid in West- 
minster Abbey. Livingstone was a great Christian 
hero, a bold and skilful explorer, whose services to 
humanity and to geography were of the highest 
order. 



LiTjr, Tltu* Llrius 

b, pAtavlum, W b.c. d. Patavlum, 17 A.r>. 

Of patrician birth, he became a favourite at the 
Court of Augustus, but nover hid the fact that his 
syrapathicB were with a republican form of Govern- 
ment. His fearlessness and impartiality arc re- 
flected in his monumental work, his history of 
Rome. To this great undertaking he devoted 
forty years of his life. It was in 142 books, of 
which thirty-five are extant, and traced the story 
of Rome from her beginnings down to the first 
decade after the birth of Christ. This, the chief of 
his life’s work, placed him in the forefront of prose 
writers of the Augustan age. 


u. TT niiifuiii, nuiufi-Bet, Aug, 21). 1633. d. Oatei, Kawsx, Oct. 2S, 1704. 

His father, a country lawyer, had served under 
the Parliament in the wars of the Commonwealth. 
Locke's sympathies inclined the same way, which 
fact, couplecf with his ill-health, made it desirable 
for him to reside abroad -mainly in Holland - 
until after the R<^volution of 1688. His immortal 
essay on the “Human Understanding” was pub- 
lished in 1690, and remains to this day one of the 
most notable contributions to the philosophy of the 
human mind. His writings on toleration and 
government have had a great influence in diffusing 
free and gem'rous sentiments through Eurox>ean 
and American .systems of government. He at one 
time intended to be a doctor, and did practise a 
little. His skilful diagnosis of the complaint from 
which Lonl Shaftesbury, his friend and patron, 
suffered was the beginning of their friendship. 
N<?wton also was among his friends, and they had 
long c()rresj)onded when mighty things were being 
accomplished by thorn in the world of abstract 
.science. 


Lodge, Sir Oliver Joseph 

b, near Stoke, .Staffs, .hme lif, IMl. 

While acting first as Profes.sor of Phy.sicH at 
Liverpool University, and as Principal of Birming- 
ham iJnivcrsity, ho has found time to undertake 
original oxjx'riments of the highest imjortance. 
lie is one of the pioneers of wireless telegraphy, and 
has in hand an invention for dispelling fog. Actively 
interested in religious and social Questions, he has 
made striking contributions to the literature of 
l)oth subjects. Psychical research also engages his 
syinpathi(‘s and keen attention. 


Longfellow, Henry Wadsworth 

b, PortlaiuJ, Mfttiie Fob. 27, 1S07. <1, rambriilxt*. Masn., Sliux-b 24, 1H82. 

At nineteen he was sent by the trustees of hi.s 
college to Europe to study languagi’s, and passed 
two profitable years on the Continent. This quali- 
fied him for the chair of Mod<‘rn Languages and 
Literature at Harvard, which he occupied for 
seventeen years. lie wrote hi.s first poem as a 
boy, and to the last the muse seldom deserted 
him. lie is the one American poet whosHi jxiems 
are universally known. His i>oerns are songs of 
gladness and 8we<*tne&s and purity. Ho is the poet 
of life, as Poo is the poet of death. Longfellow 
was twice married, and several times visited 
Europe. 


Longman, Thomas ^ ^ 

b, BrUtol. 1R99. rt. London. June 18, 1755. 

The son of a soap-boiler, ho was apprenticed to 
a London bookseller, and founded the great 
publishing house of Longman & Co., by whom, 
during the last century and a half, some of the 
finest works in the English language have been 
issued to the world. He began business for him- 
self by buying out the first publisher of ” Robin- 
son Crusoe,” in premises whose site is still occupied 
by the firm. 


d. Tioiidon. April 16. im 
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fetice, indexes, and so^ forth. Many excellent 
philanthropies were assisted by his judicious ard 
generous efforts. 

. J-®M***jJ*”“®* Ruaaell 

b. Canibrtd^, Maas., Feb. 32, 1810. d Cambridge, Maaif., Aug. 12, 18*11. 

Essayist, poet, scholar, and diplomatist, he filled 
the chair at Harvard which Longfellow had 
formerly occupied. Although he was a successful 
Ambassador to Spain and England, he never 
better served the cause of his country and 
humanity than in his poems. “ The Biglow 
Papers, were called forth by the efforts of the 
North to free the slaves. Of the latter he was an 
unswerving and warm-hearted friend. 

Loyola, Ignatius de 

b. Loyola, Spain. 1491. d. R(um‘, .Tuly 3J, LWa 

Inigo Loi^ez de Recaldc was the real name of 
the founder of the Jesuits. In his youth he was 
the very prototype of Don Quixote; but a serious 
injury, wnich left him crippled for life, caused 
him to turn his attention to loftier ideals than 
those of chivalry. The Church of Rome was at 
that time reduced to the dejiths of degradation by 
corruption and theiuxury or its dignitaries. After 
making a pilgrimage to the Holy Land, he estab- 
lished the Society of Jesus, whose memlK'rs were 
to be missionaries, to go to the uttermost parts of 
the earth at the bidding of the Pope, to convert 
the heathen to Christianity. The future of this 
society was destined to lie very different from that 
which he had planned ; but the name of Loyola 
stands out in the Catholic Church as does that of 
Luther in the Protestant. 

Lucian 

b. BatnoRata, Syria, about 120 d. Egypt, alxutt. 200. 

His father was a fxior stonemason, and inti'iided 
him to follow the same trade with himself ; but 
Lucian managed to get an education, and to main- 
tain himself as an orator and advocate. There- 
after he setth'd at Athens, where hi.s literary works 
were comiKised. Of these many remain. They are 
brilliant satires, parodies, and mock narratives of 
travel, upon which tales such as “Gulliver’s 
Travels ” are modelled. He is alleged to have 
l>een torn to iiieces by dogs, hut that is probably 
an inv<*ntion of Ihe early Christians, the more likely 
version being that he died in i)eaoc in Egypt, 
whither he hud gone to enjoy a lucrutivt^ office. 

Lucretius, Titus Carus 

b. Kome, alKXitPg ».«•. d. lloniu, iiboul S.*; ii.c. 

Little is known of the personal history of this 
celebrated Roman poet and philosojiher. Il<* was 
the intellectual link between Ennius and Virgil, 
lie lived’ the life of a n'elusc. One version as to his 
death has it that ho committed suicide in a fit of 
insanity; the other, with which Tennyson’s poem 
has familiarised us, that he was poisoned by a love- 
philtre administered by his wife Lucilia. 

Luther, Martin 

b. EWebPii, Saxony, Nov. 10, 14S3, d. Fi-b. IS, 

His father was a working man, who gav<‘ him a 
university education, and gr(*atly regretted his 
entering a monastery. It was hero, however, that 
the reformer was enabled closely to apjily himself 
to the study of the Scriptures, and to develop his 
powers as an orator. His first sign of disagree- 
ment with the Church of Romo was brought about 
by the shameless sale of indulgences. Luther 
nailed on to the church door of Wittenberg a 
denunciation of this traffic, and of the Pope’.s title 
to forgive sins. The Pope summoned him to 
Rome. Luther refused to obey the summons. Ilis 
works were ordered to be burnt, and the Pope 
excommunicated him. Luther retaliated by 
burning, the Papal Bull containing the sentence 
uiion him. The reformer published his famous 
“Address to the Christian Nobles of Germany,” 
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spite of a powerful defence of his doctrines, he 
was proscribed. After this he was for some time 
in hiding, and turned the period to account by 
translating the New Testament into German. The 
Old Testament was afterwards similarly treated, 
and the hymns were written and published from 
time to time. liis writings had immense influence. 
They created the modern German language. The 
eflFect of his stand against the Pope was far- 
reaching. Europe started like a giant from sleep 
at the blasts of his trumpet. Dauntless, inspired, 
invincible, he was rough and violent in his battles, 
but it was against unprecedented odds that he was 
matched. When he thought he saw the devil, ho 
threw his ink-horn at the apparition. That was 
characteristic of his methods. Ho stands out a 
great, magnificent fi^re, initiator of an impulse 
which became a mighty struggle still in progress. 
After he had filially broken from Rome, he 
renounced his monastic habit and married. 

Lyell, Sir Charles 

h. Kfunorar, Korfanhire, Nor. 14, 1797. d. London, Feb. 22, 1876. 

A good classical scholar, a man of many friends, 
Lyell must have distinguished himself in whatever 
pursuit he had followed. Geology was his 
absorbing passion. His “ Principkw of Geology ’’ 
ranks next to the “Origin of Species" as among 
the books which influenced the scientific thought 
of the century. Darwin rated his work very highly, 
saying that no other geologist had ever done as 
inuch for science as Lyell. He was very near- 
sighted, a fact which may have accounted for his 
being not the keenest of field observers. 

Lytton. Edward Georga Earle Bulwer. Lord 

b. Louduu, Hay ]S(Kt, d. Tanjuay, Jan. 18, 

His father was a general ; his mother, Elizabeth 
Barbara Lytton, heiress of Knobworth. After a 
university education ho married, against his 
mother’s wishes, a beautiful woman, with whom 
liis union proved very unhappy. Husband and 
wife parted after nine years. In that time, to 
maintain his house, he had produced novels, plays, 
essavs, reviews. He continued an indefatigable 
workman to the end of his days. After he had 
inherited Knebworth, he entered Parliament, and 
became a successful Colonial Secretary. 

Macadam. John Loudon 

h. Ayr. Sept. 21, 1756. d.ljmd<ui, Nov. 26. ISriO. 

The man who, in modern England, first gave us 
good roads - the *’ macadam " ruad.s, called after 
himself— was taken by his parents to America, 
but came back to England, and undertook victual- 
ling appointments for the Navy. His road-making 
experiments were begun at Bristol, and afterwards 
extended to London. His labour brought him to 
poverty, and he was voted £10,000 by Government. 

Macaulay, Thomas Bahington 

b. Hovhlry TeuipM, I^lr!««tenbin, Oct, 25. 1800. d. Ixnidun, Dec. 28. ISOp. 

With the story of his childhood every schoolboy 
is familiar. He was another Victor I^ugo in his 
amazing precocity. His career at Cambridge did 
not realise all the expectations which his friends 
had formed; but, nevertheless, he got his coveted 
fellowship, and faced the world one of the com- 
pletest scholars ever known. Not only was his 
.scholarship lyide and deep; his memory was 
abnormal. W’hat he read he never forgot — prose 
or poetry. This was of immense help to him in 
his writings, essays, criticisms, and history. His 
early career was threatened by the failing fortunes 
of his father, and it stands to his credit that three 
years after ho had tentered public life he contem- 
lated retirement rather than go with a wcak- 
need Government which paltered with principles 
dear to him. Minor offices paved the way to his 
going to India as a member of the Supremo Indian 
Council at Calcutta. The re.sult of his work 
became eventually the admirable Indian penal 
code. What ho gained in knowledge of Indian 
life IS reflected in his superb essays on Clive and 
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Warren Hastings. Upon his return to England 
he twice represented Edinburgh in Parliament, 
but literature absorbed his interest. His history 
was the ambition of his life. He had brought it 
down to the reign of William III. when death 
stayed his hand. That, like his essays, is a 
masterpiece of writing — as a picture of historical 
pageants, as portraiture of men; but it does not 
bear the analysis of the impartial student of his- 
tory. He was a partisan, and let his partisanship 
influence his judgment on affairs of wnioh ho had 
undertaken to narrate the true story. Still, there 
is in the history that which not even Gibbon could 
have equalled, and, for all his honest prejudioes 
appearing again and again, it lives as one of the 
glories of English literature. Macaulay was famous 
as a conversationalist. He was a hard-hitting 
enemy in public, but a true, loyal, and generous 
friend, and one of the best-loved men of his ago. 

Machiavelli, NicoU dl Bernardo del 

b. Flomioe, May 8, 144W. d. Flowiice, June. 22, 1827. 

Descended froin a noble but impoverished 
family, he lived in an ago when troubles were 
heavy upon Floi'once. He saw the Medici ex- 
pelled, the Republic instituted and dissolved, and 
the Medici reinstated. In the meantime ho had 
fulfilled many diplomatic missions, and taken a 
j)rominent part in public life.' The restoration of 
the Medici led to his being put to the torture as a 
conspirator against the ruling family. Thereafter 
he retired, to devote himself, for the greater part 
of his remaining years, to literature. He pre- 
sented a notable report to Leo X. on the reforms 
for Florence, and afterwards acted as ambassador. 
His name has been made the synonym for deceit 
and villainy. His aims and purpose were mis- 
understood by early TOmmentators. Modern critics 
hold that MochiaveUi was a man whose public con- 
duct was u)>right and honourable, whose views of 
morality, where they differed from those of the 
]>er.sori8 around him, differed only for the better. 
His fault was that, having adopted some of the 
maxims then generally received, he arranged them 
more luminously, and expressed them more 
forcibly, than any other writer. 

Macmillan, Daniel 

'*• ‘***’*' Cwubridire. June 27. 1867. 

The son of a .small farmer, he. came to London 
as a raw lad, worked for some years in the employ 
of a Cambridge bookseller, then with a man of the 
same trade in Fleet Street, and finally, with his 
brother Alexander, founded what has since de- 
veloped into the famous publi.shing house of 
Macmillan & Co. 

MaeterllncK, Maurice 

b. Ghent. 1864. 

Educated in a Jesuit college, he forsook the law 
for literature. P'alling early under the influence 
of VilHers do I’lle Adam, in Paris, he gave to the 
world a succession of powerful dramas which have 
made him world famous. Of a different type, and 
happier, is his “Life of the Bee," which, wnatever 
Ixj the ultimate verdict upon his other works, 
seems to assure him lasting tame. 

Magellan, Ferdinand 

b. Babarow}, PortU|j[al, about 1480. d. Philippine lelee, April 27, 1621, 

Brought up at the Portuguese Court, he served 
for some years in the East Indies, after which, 
feeling himself slighted, he took servioo with 
Spain. He sailed upon an expedition from which 
ho was fated not to return. On the way, he proved 
that America is not a great continent stretching 
awa^ to the South Pole. He made his way, by the 
straits which bear his name, to the great ocean 
which he named the Pacific. Reaching the Philip- 
pine. Islands, he was slain by natives. One of his 
ships continued on her way, and sailed round the 
globe, for the first time in the history of the world. 
The feat was not equalled until Drake was success- 
ful more than fifty years later. 
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>. Xaoo^ Arabia. S70 A.n. 


d. If^dlna. Arabia. Jnna 8. A*I2. A.n. 


the call of dut^ a groat captain. Wherever lie led 


j.iiT?rv uMii Ur uuaeu reriueriugb oi tii« 
Mahomet, which means “praised,” or ‘4ii|the 

f iraised one.” His father was rjoor, but of exalted 
ineage, one of the dominant tribe of Mecca. The 
Prophet was early left an orphri/n, and was edu- 
cated by relatives. He became a soldier, and after 
that a shepherd. His travels brought him in 
contact with Jews and Christians, in scones where 
idolatry was generally practised. Married at 
twenty-five, he was fortunate to have for helpmeet 
a rich woman, who loved and revered him. He 
would often flee the society of men, and seek the 
solitude of a cave bevond their roach. Hero he 
ponderod over what ho had learned of Jew and 
Christian and from Arabian fable. Ho was s<*ized 
with fits of alternating exaltation and despair. 
At last he became convinced that he had been sent 
into the world as the prophet of the one true God. 
His wife believed in his mission, and a few other 
converts were made. It took throe years to get a 
congregation of forty lielievera. When once news 
of the new faith was noised abroad, persecution 
sharp and protracted followed. He had to flee 
from Mecca to Medina. Hitherto ho had been 
simply a spiritual teacher ; but now he gathered 
warriors about him, and conflicts many and bloody 
resulted before he subjugated his enemies. Slowly 
the faith which he preached made its way. 
Towards the close of his life progre8.s was rapid, 
and he was able to add a temporal character to 
his rule. Mecca remained a holy city, but idolatry 
was swept away. His teachings were embodied in 
the Koran, the holy book of the Mohammedans.* 
He pretended and, possibly, partly Ixdieved — that 
he received the laws which he interpreted direct 
from the angel Gabriel. Those laws, however, are 
larjjfelv drawn from the Old Testament and rab- 
binical sources. His followers to-day number one- 
sixth of the human race. 


Manxoai. Alessandro 

1). MilHii, March 7. 178S. U. Milan. May ‘JSi, 1S7:». 

The founder of the modern Italian school of 
romance was the grandson of a groat scholar, and 
was introduced early in life into the best literary 
circles in Italy. Beginning with sacred lyrics and 
a defence of the religious basis of morality, he 
startled the world first with a romantic comedy, 
followed by “II Ckinte di Carmagnola,” a novel 
which at once made him famous throughout 
Europe. The death of Najxilcon called from his 
pen one of the noblest odes in modern literature. 
His life was singularly beautiful, though his griefs, 
through the loss by death of all those dear to him, 
were many and heavy. 


Marconi, Guglielmo 

h. Bologii*. Itiily, AprlTaO, 1874. 

He studied first at Bologna, and then at Leghorn 
University, but began his experiments in wireless 
telegraphy at home. When only twonty-two 
years or eto, he sent niessagfes by his system across 
the Bristol Channel. His invention was adopted 
in 1900 by the Admiralty for a term of years; 
while the battleships of the Italian Navy, as well 
as those of this country, and many of the vessels 
of the ocean lines and mercantile marine, have 
since been fitted with his apparatus. Lloyds’ 
stations at home and abroad and many of our 
lighthouses employ his system. 

Marcus Aurelius , 

b. Rome, April 28, 121 a.d. <1. Vlemia. March 17, m 

One of the noblest of the Roman emiierors, his 
name originally was Marcus Annius Verus. He 
was adopted by Aiitonius Pius, Hadrian’s suc- 
cessor, and eventually succeeded to the throne. 
He was more philosopher than warrior, and 
generously shared his dominions with his adoptive 
brother. His reign was marred by wars and 
pestilence. Though hating war, he became at 


train. His immortal 

most remarkable books in the Greek language, was 
really his diary. Its pages were never intended 
for any eye but his own. They represent the 
thoughts and feelings of a man of singularly pure 
heart and noble mind. He aimed at the highest 
standard of life of which he could conceive, and 
lived up to that standard. 

Marietie, Auguste E^ouafd 

b. Donlo^niA. Vtib. II. 1821. <1. Cairo. Jan. 19, 1881. 

His father was town clerk of Boulogne; but 
Mariette, after a liberal education, took a post at 
the grammar school, Stratford-on-Avon, after which 
he worked as a pattern-maker for a ribbon manu- 
facturer at Coventry. Unable to settle, he returned 
home, and by chance was ))laocd in possession of 
a mass of pajiers on matters relating to ancient 
Egypt. This changed the whole course of his life. 
He mastered the subject, and devoted the rest of 
his days to it. He excavated innumerable monu- 
ments and inscriptions in Egypt, working un- 
weariedly in spite of ill-health. The world owes 
him gratitude for a vast store of knowledge of the 
ancient world. He lies buried in a sarcophagus 
in an Egyptian garden overlooking the great 
museum which is his noblest monument. 


Marlborough, John Churchill, DuKe of 

b. Aube, Dftvon. June '24, 1(150. d. near Windnor, June 16. 1722. 

The son of an impoverished Royalist, ho was first 
page to the future James II., and a great favourite 
of Court ladies, one of whom — the Duchess of 
Ch'veland- -presented him with £5,000. Entering 
the Army, no saw a goo(l deal of fighting; but 
promotion did not come his way until ho marriwl 
Sarah Jenning.s, who was to liecomc in all but 
name Queen of England. He w£w now elevated to 
the peerage, but went over to William of Orange 
when the tide turned. His military exploits in 
Ireland and against the French did not establish 
hi.s loyalty to the new dynasty, for he was im- 
prisoned for complicity in Jacobite intrigues. 
Quickly restored to favour, he was promoted to the 
command of all the British forces, and in that 
capacity successfully fought one half of Europe, 
while at the same time keeping the other half in 
fighting order. He was a great general— brave 
and modest, fearless and determined, yet a merci- 
ful conqueror ; but ho was one or the most 
avaricious men that ever lived, and not among the 
most truthful. He has, however, to be judged by 
the standard of his time. Rewards were heaped 
uiKin him by his country. His wife, the famous 
DucheSvS of Marlliorough, who long survived him, 
became for many years dictutress of the Court, 
and disposed of places and Government offices sa 
she chose. Queen Anno finally revolted, and this 
singular woman lived for many years in complete 
retirement, possessor of enormous wealth. 


Marlow^ Christopher 

b. tl^aiitfirbiiry. Feb. 1864. 

A shoemaker’s son, he managed to equip himself 
at Cambridge University. When he reached L<on- 
don, he found the stage encumbered with “ a litter 
of rude, rhyming farces and tragedies.” These his 
mighty talent swept away. Like many another 
genius, he led a wild, erratic life, which fact makes 
it the more striking that in the few years at his 
disposal ho should have produced so much work of 
brilliant quality. He prepared the way for the 
tragedies of Shakc&peare, on whose early work his 
influence is clearly traceable. Marlowe met his 
death in a street brawl at Deptford. 


Marvell, Andrew 

b. Witiiuiifiad. YorkB, March 81, 1621. d. Loodou, Aug. IS, ism 

After graduating at Cambridge, and spending 
four years in travel on the Continent, he became, 
upon Milton’s recommendation, tutor to Crom- 
well’s ward. Subsequently he was appointed 
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Milton's assistant in the Latin secretaryship. He 
sat in Parliament, and undertook with success cer- 
tain diplomatic missions. His claims to fame, 
however, rest uix)n his friendship with Milton, 
his brilliant satire.s, and his ijoems. He was prac- 
tically the first to rooomise and proclaim the 
magnificent genius of “Paradise Lost.” 

Mason, Sir Joaiah 

b. Klddwiiiliitter, Fob.. 17U6. d. near Birmingham. June IS. I8S1. 

Beginning life as a hawker, ho was successively 
carpenter, blacksmith,* house-painter, and car|)et- 
weaver. He discovered a way to make split key- 
rings by machinery, and then set up in business as 
a iwnmakor. He made the jKsns which became 
famous as Perry's, the name of the London 
stationer who sold them. Mason engaged in other 
considerable enterprises, and retired with a great 
fortune, nearly the whole of which he devoted to 
philanthropies, whose benefits should loJig be 
enjoyed. 

Maurice, John Frederick Deniaon 

•j. near liowestoft. Aug. 29, ISCWS. ^ d. Loiid-m, April 1.1S72. 

As a Dissenter, he quitted Cambridge without 
taking a degree ; hut under the influence of Cole- 
ridge he went to Oxford, and took orders. Be- 
coming the leader of the Christian Socialist move- 
ment, he exercised great inflinuice throughout the 
country. Ho was the founder of, and taught in, 
the Working Men's Collep' and the Queen’s 
Colh'ge for Women. He held A^arious livings and 
professorships, 

Maximilian I. 

)i. Mareb iii, d. Wfifi, Aitutriit, Jan. 12, 1.AIP. 

'J'he .son of Frederick III., this groat German 
Emperor was cloctod Emperor of the Holy Homan 
Empire, and greatly extended the area of his 
dominions. Wars occupied a considerable part of 
lii.s ndgii, but his ideal was })eace. In his day 
learning flourished, the administration of justice 
was improved, and he gave cordial encouragement 
to tlie pur.'^uit of arts. 

Maxwell, James Clerk* 

li, Kclliibnrgb. June i:i. IS.HI, d 0 -niiiridgt*. Nov. 6. 1870. 

After a successful career at Cambridge Uni- 
versity, he became first occupant of the Chair of 
Experimental Physics established there by the 
Duke of Devonsliire. lie held other professor- 
ships, and was on<! of the greatest and best-loved 
teachers of his age. Although he lived only forty- 
eight years, thirty-three of those years were 
precious to science. His first scientific pa]>er was 
read Ix-fore a learned society when he was only 
fifteen. Thf‘ greate.st work of his life, hi.s “ Elec- 


China. When forty years of age, after a diligent 
study of Confucius, he went forth on a twenty 
years’ pilgrimag^e, seeking a prince who would 
giv^^effect to his system of social and political 
order. His system recognised the innate good of 
man, and desired a form of .government which 
should do the greatest good to the greatest num- 
ber. His quest was unsuccessful, and he retired 
with his disciples, never again to emerge into 
actiA^e life. 


Mendelasohn-Bartholdy Felix 

b. Hamburg, Feb. 9, 1809. d. Nov. 4. 1847. 

The name of this composer was built up in three 
stages. His grandfather, Moses Mendelssohn, the 
philosopher, was born Mendel; his father added 
the Bartholdy to the already lengthened name. 
Mendelssohn was a wonderful boy, and before he 
was twenty had earned lasting fame. Hamburg 
and Berlin did not adequately honour him ; Lon- 
don did. He loved England all his days, and pro- 
duced here some of his finest work. His “ Elijah ” 
was first given at the Birmingham Festival. A 
Scottish tour inspired the “ Hebrides ” overture 
and the Scotch Symphony. “St. Paul” was given 
at Birmingham after having been produoed at 
Diissoldorf, where for {hree years ho hold an ap- 
|>ointmerit. His years, all too few, were singularly 
productiA'e. At sixt<»en he gave the world that 
almost unequalled example of early musical talent. 


the oA'crturo to the “ Midsummer Night’s Dream.’* 
His last great work was the “Elijah.” Two other 
oratorios which he had begun wore left unfinished. 
Mendelssohn was a fine instrumentalist, a talented 
painter, and a charming correspondent. 


Meredith, George 

b. ilMiiiiMhirf. Peb. 12, 1828. 

H is early education was received in Germany, 
where, taken as a child, ho remained until ho was 
fifteen. Ketuniing to England, ho vainly en- 
cleaA’ourcd to interest himself in the law. Litera- 
ture was his natural avocation. It was as a poet 
that he fir.st courted attention. Afterwards he 
entered journalism, edited an Eastern Counties’ 
I)a]>Gr, and acted as siiccial correspondent for a 
London daily during the Austro-Italian War. For 
some little time he edited a review while Mr. 
John Morloy, its regular editor, was absent in 
America ; and for years he was the valued literary 
adviser to a publishing house. His introduc- 
tion proi>er to the world of letters came with the 
*• Shaving of Shagpat,” followed, three years 
later, by the triumphant ap])earancK? of “The 
Ordeal of Richard Feverel.” But it was his 
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Maxzini, Giuseppe 

l». OMtiofl,, June '22, IMO.'i. d. PIhh, Italy, Muruh 10, 1872. 

He was one of tlie national heroes called to act 
with sf)irit and determination in the hour of Italy’s 
greatest depression and d<*gradation. Well edu- 
cated and a fiery enthusia.st, he first associated 
himself with secret societies, but, abandoning 
these, sot on foot the Young Italy movement, 
whose Aiatchword was “God and the People.” He 
was banished from Italy, from France, and from 
Switzerland ; but returned to his native land, to 
he ap}Aointed, with Saffi and Armellini, one of a 
triumvirate with dictatorial powers. Over- 
poAvered by the troops of Najioleon III., he had 
again to flee. After that, though his life was 
still eventful, he no longer played a really im- 
portant part in Italian history. He had already 
earned the gratitude of his countrymen in firing 
them with hofie and courage to striA'o for the unity 
which they were <>nabled to gain. 

Mencius 

b. Tm>w, Cbtuft. 372 B.t;. ^ <J, Cliltia. 288 ».f. 

The lineaj descendants of this Chinese philoso- 
pher are said still to live in his native province. 
His teachings arc studied by cA'ory scholar in 
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come to the head of contemjiorary novelists. The 
list of his publications — fiction and verse— is too 
long for enumeration. His work leaves him ono 
of the giants of ninctocnth-century literature. In 
his old age he considerably altered some of the 
best of his early work. His place in the 
hierarchy of literary immortals is assured ; but he 
will Ik! judged on the earlier and better versions, 
which in his declining days he damaged in the 
attempt to improve, 

Michelangelo 

b. Ciiprwe, March 6, 147fi. . d. Botne, P«b. 18, 1M4. 

It used to bo considered beneath the d^nitv of a 
nobleman to learn to read and write. The father 
of Michelangelo — whose full name was Michel- 
angelo Buonarroti — ^^looked with disfavour on his 
son’s taste for drawing, deeming art unworthy of 
a gentleman. But the boy, who was destined to 
wear the four crowns of sculpture, architecture, 
painting, and poetry, was permitted to follow his 
natur^ bent, and in due course was apprenticed 
to a painter. Soon came the opportunity to 
develop his love for sculpture. Michelangelo’s 
proficiency in this art led to his rival, Torregiano, 
smashing his nose with a mallet. By the time he 



had reached his thirty-first year he was famous 
a« sculptor and painter^ and was summoned to 
Home ■ to undertaae the vast tomb of the Pope, 
Julius II. He was destined never to finish it. 
For forty years, off and on, he returned to what 
he felt was the work of his life, but all was 
vexation. Conspiracy and other influences caused 
his energies to pe diverted into different channels. 
One of these led to his producing that world- 
wonder, the fresco decoration ot the Sistine 
Chapel, a stupendous work, done entirely by his 
own hand after *vor four years’ labour. After the 
death of Julius he returned to Florence, whore he 

{ >roduoed some of his most famous statues. Again 
iG was torn from his work — this time to organise 
the fortifications of Florence, in the defence of 
which, against the Medici princes, ho took a fore- 
most part. Again he went to Rome, where he 
designed the cupola of St. Peter’s. He laboured 
to the last at his gigantic tasks. There never was 
a greater genius, there never was a more inde- 
fatigable man; and it was his boast to the end 
that he was ever a student. “ I am still learning,” 
he said shortly before ho died. Had he never 
painted a picture, he would have been immortal 
as a sculptor; had he never scon marble, his fame 
08 a painter would have endured as long as 
history ; had he neither painted nor carved, he 
would live as a j^oot. His influence on the 
whole realm of art has been little, if at all, in- 
ferior to that produced on the realm of thought 
by Homer and Dante. 

Mill, John Stuart 

l>, Loixloti, May 20, JSOfi. <1. Avlj^noii, Fmiict*. May S, 

The childhood of the “ Saint of Rationalism,” as 
Gla<lstone called him, has no parallel. His father 
nia<le him an intellectual machine. At three he 
was studying th<^ Greek alphalM?t; at eight, 
mastering the classics in the original ; at twelve, 
besides studying Euclid and algebra, ho was act- 
ing as instructor to the younger members of the 
family. When only thirty years of age, he was 
given charge, in the India House, of all the Com- 
pany’s relations with native stat<*s; and it eventu- 
ally fell to him to prepare the case against the 
transfer of the government of India to the Crown. 
The transfer having been effected, he retired, 
amply comi>onsated, and had time to turn his 
attention to philosophical studies. He debated 
and wrote and collected data, with a view to 
writing a history of the French Revolution. 
Finding that Carlyle was engaged upon a similar 
task, he generously handed over to him all his 
mabu’ials. It was to Mill that Carlyle lent the 
manuscript of his first volume of the “ History.” A 
careless maid burnt it, to the infinite distress of 
poor Mill and the nobly-borne agony of Carlyle. 
Mill made amends, when the Iwok did api»ear, by 
writing a brilliant review of it, at once focussing 
imblic interest u^kui it. After some years of quiet 
work, Mill produced the works on logic, govern- 
ment, and political economy, ujwn which his fame 
is based. Ho sat for some years in Parliament; 
but the life, though patiently endured, was not to 
his liking, and he accepted his ultimate defeat’ 
with i^erfect composure. His contributions to logic 
and political economy have greatly advanced and 
popularised those subjects, and widely influenced 
modern ix)litical thought. 
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was first the wife of Ruskin, was made a baronet, 
and was one of the most popular nien of his time. 

Miller. Hugh 

b. Crouiarty, Oct. 10. 1802. d. near Edlidiiirgh, Dec. iKt, ISM. 

One of Nature’s gentlemen, he was a working 
stonemason, who distinguished himself first as a 
fioot, then as a capable writer on religious and 
political subjects. His work in geology made him 
still more famous. Overwork ruined his health, 
and he committed suicide. ^ 

Millet, Jean Francois 

b. Oruehy, France. Oct. 4, 1814. d. Barblzou, France, Jan. 20, 1S7R. 

He was the farm labourer who became a great 
painter. The friendship of a discerning patron 
enabled him to acouirc an artistic education, and 
a portrait sent to the Salon gained him fame. He 
fought in the Revolution of 1848, then settled down 
among the .fieasants and painted their life. His 
famous picture, “ The Angclus of which thou- 
sands of copies are to be seen sold, not many 
years after his death, for over £23,000. 

Milton. John 

b, l.ondoii. Dec. M, 1608. d. London, Nov. 8. 1674. 

The Miltons were of Oxfordshire y<}oinan stock, 
but the poet’s father, having become a Protestant, 
was camjKjlled to settle in London and earn his 
livelihood as a scrivener. Milton went to Cam- 
bridge as a pensioner, and at twenty-four settled 
down for six quiet years under his father’s roof, 
determined to consecrate his life to poetry. Here 
he produced “L' Allegro,” ”11 Penseroso,” and 
"Lycidas.” A tour of sixteen months on the 
Continent followed. Ho was recalled by a sense of 
duty. His country was on the eve of the Civil 
War, and he felt that he could not rest away while 
such serious conditions ruled. Ho acted as 
pamphleteer, and afterwards as Secretary for 
Foreign Tongues to the (’ommonwoalth. When 
the Protectorate f<‘ll, Milton's prosiierity was at 
an end and his safety endangered. Blindness 
attacked him at forty-four, and to the end of his 
days he had to d<‘|M‘nd upon the help of others. 
” Paradiiw T.ost ” was published in 1667, and, all 
told, brought the poet what in our money would 
amount to £70. Ho sold tho copyright for £5. 
” Paradise Regained ” and ” Samson Agonistes ” 
came out simultaneously four years before his 
death. He was thrice married, and, (hough he 
never actually know the pinch of poverty, he was 
very poor in this world’s goods for one so great. 
Kamo had come to him before ho died, but it was 
after his death that the world realised the mighty 
genius of tho man who ranks with Homer, Dante, 
and Shakespeare as the greatest po<?t this w'orld 
has w‘on. A blessing in disgui.so was the law of 
Laud, which forbade Milton’s entering the Church 
as once he wished. He might have l)ecome a great 
prelate, but England would have lost th<i one great 
singer before wdiorn only Shakespeare stands. 

Moffatt, Robert 

b. Oriuifitoii. Bcotloiid, Dtn:. 21. 1795. J. noorTonbridire, Kent, Atig. 9, 188a 

It was while working as an under-gardener that 
he studied for tho missionary field. He devoted 
himmdf mainly to Bechuanaland. into the language 
of which country he translated tho Bible. For 
half a century ho laboured nobly in tho wilds of 
the Dark Continent. Livingstone became his son- 
in-law. 


MlllaU. Sir John Everett 

b. Bonthampton, June 8, 1829. d. Ixmdon, Aug. 13, 1890. 

He began his career as a student at tho Royal 
Academy when only eleven, and at seventeen first 
exhibited a picture. With Hunt and Rossetti he 
formed the Pre-Raphaelite Brotherhood, which 
aimed at painting Nature as she presents her^lf 
rather than as the artist may choose to idealise 
her. Ho was excellent in portraiture, landscaiios, 
and general paintings. Engravings and other re- 
productions nave made his pictures famous all over 
the world. Millais, who married tho lady who 


Moliere, Jean Baptiate 

b. ParlB, Jan. 16, 1022. d. Paris, Feb, 17, 1073. 

Jean Baptiste Poquelin assumed the name by 
which he is known to all the world when he went 
upon tho stage. This step in life he took after 
having studied under the Jesuits and read for the 
law. To the end of his days he devoted himself to 
writing plays and acting in them. He remains a 
colossal figure in French drama and poetry. To 
him the stage was always a lay pulpit ; its aim not 
merely amusement, but reformation of manners by 
means of amusing spectacles. Ruskin shows how, 
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living in- the blindest period of the civiliaod 
world^a history, in the most luxurious city, and tlie 
most corrupted Court of the time, he ^et manifests 
through all his writingrs an exquisite natural 
wisdom, a capacity for most simple enjoyment, 
a high sense of nobleness, honour, and purity; 
and thatj in all he says of art and science, ho has 
an unerring instinct for what is useful and sincere, 
and uses his whole power to defend it. 

Moltke. Helmuth Karl Bernhard, Count von 

b, PSrchitn, Oermuiy, Oct. i26. 1800. d. Berlin, April 24, 1891, 

He began his military studios in Denmark, and 
entered the Danish Army. Transferring his 
fferviooB to the army of Prussia, ho devoted his 
energies to raising that army to first-class rank. 
He was the chief strategist in the war against 
Denmark, in the Austro-Prussian War, and the 
Franco-Prussian War, and, with Bismarck, helped 
to make Germany a nation. Ilis friends knew him 
as “the Silent.” He was among the most modest 
of men, and added to supreme genius for war the 
capacity for unweariedly taking pains. 

Montaigne, Michel EvQuem de 

b. near Bordeaux, France. Feb. 28. 1833. d. near Bordeaux, 13, 1692. 

The father of the modern essay was trained as a 
boy in Spartan ways. He was liberally etlucated, 
but treated as if ho were one of the poor. This 
in order that he might realise and sympathise 
with the lot of the humblest. Some years were 
passed at Court, and some devoted to extensive 
travels in Europe. He returned to Franco un- 
willingly, to accent the office of Mayor of 
Bordeaux, and disenarged the duties of the office 
while inditing his immortal e.ssays. Those had 
enormous influence on the groat men of his own 
and later ages. He examined all questions in the 
spirit of the sceptic ; but upon hi.s deathbed he 
devoutly received the last rites of his Church. 

Monteaauieu, Charles de Seconds! 

b. wear Bordeanx, Jat>. 18, 1689. d. Farli. Feb. 10, 1766. 

Proceeding from allege to the study of law. he 
first claimed attention bv his clever criticism of 
the France of his day. I^his gained him election 
to the French Academy. After a st»ell of travel 
he settled down to the work of his life, of which 
the outstanding productions wore his examination 
into the causes of the greatness and decline of the 
Romans, and his groat work on the Spirit of 
Laws. To the latter task he devoted fourteen 
years. Although it was placed on the Index, it 
pa.ssed through twenty-two editions in the course 
of a couple of years, and had an enormous influ- 
€*nce on the spirit of the age. Always a victim of 
weak sight, he became totally blind towards the 
close of his life. 

Moore, Thoma* 

b. Dublin, May 2«. 1779. d. near DevleoR, WilU, Feb. 25. 18.72. 

The son of an Irish grocer, he became one of the 
most popular jxiets and satirist.s of his time. Ap- 
pointed to a sinecure post in Bermuda, he selected 
as his deputy a man who eventually misappro- 
priated £6,0W, which sum Moore repaid. His 
publisher.s, with unbounded faith, promised him 
£3,000 for his “ Lallah Rookh,” then unwritten; 
and though he offered to release them from their 
bargain, in consequence of the bad times, they 
held to, and profited by it. He made a handsome 
inoome, hut was always poor, in spite of the 
rovidence of a model wife. He wrote the 
iography of Byron, and in turn had his own 
works edited by one of England's Prime Ministers 
“ Lord John Russell. 

More, Sir Thomas 

b, London, Feb. 6, 1478. d. London, July 6, 1636. 

Educated, as his father had been, to the law, he 
at one time seriously thought of turning monk. 
Statecraft later ^ claimed his attention, and he 
became successively member of Parliament, 
Ambassador, Speaker of the House of Commons, 
and, in sucoession to Wolsey, Chancellor. He 
defended the Papacy against Martin Luther, and 
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opposed the attack of Henry VIII. on the Clinirch 
and his projected divorce of Catherine^" Declining 
to swear adherence to the Act which vestqd the 
succession in the issue of Anno Boleyn, he was 
arrested and beheaded. Most famous of all his 
works is his “Utopia,” in which he outlines a 
model community where all share the labours and 
rewards of an ideal life. 

Morland, George 

b. London, June 28, 1783. d. Loiidcm, Got. 87, 1S04. 

The history of genius has few sadder pages than 
that on which is inscribed the life story of this 

reat artist. He worked, not for love of his art, 

ut solely to get money with which to gratify 
sordid passions.. Ho died miHorably in a sponging- 
housc. One of the finest of his works is in the 
National Gallery, and every year his pictures are 
increasingly esteemed. 

Morley, John 

b. Blackburn, LanCK, Doc. 24, 18.38. 

His father, like his elder brother, was a surgeon. 
On going to Oxford, he seems to have cherished 
the notion of entering the Church. In later years 
his views became pronouncedly agnostic. His 
earlier car<'er in London was a struggle for footing 
in literature. He did not scorn the humblest 
work, but what he did he did well. Since then he 
has edited the “Fortnightly Review,” the “Pall 
Mall Gazette,” and two notable series of books. 
His own contributions to literature have included 
biographies of Burke, Voltaire, Rousseau, and 
(Jladstone. The latter is a noble monument to a 
great statesman, nobly done by a scholar and 
loving friend. He has twice acted as Secretary 
for Ireland, and, upon Sir Henry Campbell- 
Bannerman becoming Prime Minister, was ap- 
iwinted Secretary for India. 

Morris, William 

b. Walthainetow, Kwm'x, March 24, 1834. d. Ijondoti, Oct. 3. 1808. 

Painting was his first love, but ixietry next 
claimed him for her own. He wrote many beauti- 
ful original poems and some striking translations, 
and set forth his Socialistic ideals in fine, nervous 
prose. lie and a few kindred souls established a 
manufactory of artistic wallpaiicrs, stained glass, 
ix)ttery, and other articles of domestic use. The 
scheme was fanciful, but it had a great effect in 
reforming the taste of the country. 

Morse, Samuel Finley Breese 

b. Cluir1etii()wa, Mum.. April 27, 1791. d. Nevr York, April 2, 1872. 

The son of a clergyman, he graduated at Yale, 
and visited England to study portraiture under 
West. His efforts in art were unsucoeasful in his 
native land, but his scheme for the electric tele- 
graph well justified his existence. He conceived 
the idea in 1832, but not until fifteen years had 
elapsed could he induce the Government to estab- 
lish a trial lino between Baltimore and Washing- 
ton. There was a dispute as to i^iority of 
discovery between the partisans of Morse and 
Wheatstone, but Morse deserved the honours which 
crowmed his closing years. 

Mozart, Wolfgang Amadeus Chrysostom 

b. SUxburg, Autirbi, Jau. 27. 1768. d. VIenua, Deo. 6, 1791. 

The world has never produced a greater musical 
genius than Mozart, and never treated another so 
badly. When he was a tiny child, all Europe was 
wildly enthusiastic over his marvellous abilities as 
instrumentalist and composer. By the time he had 
reached the age of twenty he had learned all that 
there was to be learned about music, and had to 
his credit many compositions which still live. But 
it was not easy to repeat the successes of his child- 
hood. His genius, now fully matured, expressed 
itself in an unparalleled flood of musical glories. 
To every form of music he contributed superb 
work%— opera, mass, ^symphony, concerto, sonata, 
song. All this time *he was fighting for a bare 
livelihood for himself and his young wife, llie 
greatest master of music in the history of the 
world had to look to lessons for his bread. It was 



whil^his crowning work, “The Magic Flute,*’ was 
being played that he received a mysterious order 
to oompose a “Requiem.” It was to be ready in 
a month. His breaking health sank under the 
manifold taxes to which tie submitted himself. He 
declared that the work wguld bo his own requiem, 
and it was. He died while still labouring at it. 
His death was one of the most pathetic in history. 
He was hurried* into a pauper’s grave, and to this 
day no man can say where fiis poor bones lie. 


^ Murchiaon, Sir Roderick Impey 

b. Tina^s, Boks-iblre, F«b. 19, 1702. d. London, Oct. 22, 1S71. 

Trained in a military academy, he entered the 
Army and fought in the Peninsular War. Ex- 
changing into another regiment, in order to see 
more active service he was disappointed, but had 
the good fortune to meet the lady who became his 
wife and inspired his whole life’s work. His 
geological discoveries, esi>ocially his establishment 
of the Silurian System, made him famous. It wa.s 
he who, observing the resemblanc.e between the 
Ural Mountains and the Australian chains, first 
predicted the discovery of gold in Australia. 


Murdock, William 

b. Auithiuleck, Aynblre, Autf. 28, 1754. d. BlruiliiKluiiii, Noy. 16, 18.m 

His father — who had been a gunner, but kiok 
up the trade of a millwright on returning to civil 
employment -“meant the future inventor to follow 
his own trade. Luckily, the youth found employ- 
ment with Boulton & Watt at Birmingham, and 
was given responsible work in Cornwall, where the 
firm had imiiortant machinery plant. Here Mur- 
dock invented various improvements for the steam- 
engine. His most important discovery, however, 
was the distillation of illuminating gas from coal, 
wood, and neat. He lighted up his master’s 
premises with the now illumiriant in 1803, some 
years after he had begun experiments at his own 
house. His fame is overshaclow'ed by that of the 
great men he served, but ho was a man of striking 
original powers. 

Murillo, Bartolome Esteban 

b. SuTiUe. Smln. Jan. 1, 1618. rt, HeviUc. April 3, 16H2. 

Humbly born, he owed his instruction in art to 
an uncle. When twenty -two, he had the good 
fortune to gain an introduction to Velasquez, who 
gave him an introduction at Court, which served 
to siicure him ample patronage. His work was 
nearly all of an intensely devotional character, 
expressive of his own pious devotion. He married 
a wealthy wife, and enjoyed great prosiwrity. His 
death was brought alwut by a fall from a scaflFold- 
ing while ho was painting in a church in Cadiz. 
Some two hundred of his works are in England. 


Murray, John 

b. Edinburgh, 1743. d. November 6, 179.1. 

He joined the Royal Marines when seventeen 
years of age, but, disgusted with the monotony of 
the life, retired on half-pay at twenty-three, and 
turned bookseller. From the little business which 
he set up grew the world-famous publishing house 
of John Murray. The prosperity of the business 
was established by his son, John Murray II. 
(b. Nov, 27, 1778; d. June 27, 1843)--the “ Anak 
of publishers,” as Byron called him. He it was 
who started the Review,” and paid 

Byron £20,000 for his works. 

b. 

After a brilliant college career, he made a name 
for himself in literature at twenty, and followed 
with poems, comedies, tragedies, and short stories. 
Some of his poetry is perfect, but his work was 
unequal— a tact attributable largely to his 
irregular life. 

Nansen, Fridtlof 

b. OhrlitiMiU, Norway, Oct. 10. 1881 . ^ . 

He studied at the Universities of Christiania and 
Naples, and celebrated his majority by making his 
first voyage into the Arctic. A second followed 
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seven years later, when he and five comrades 
crossed Greenland from east to west. This nerved 
him for his greater effort, the famous voyage in 
the Fram, when, in a three years’ expedition — 
during which he permitted his ship to be frozen 
in, and to drift with the set of the ice — he suc- 
ceeded in getting nearer to the North Pole than 
anyone else had previously done. Upon his native 
Norway being separated from Sweden, ho was 
appointed first Ambassador of the new Power to 
England. 


Napier, John 

b. Ediiiburgb, 1660. ^ d. Edinburgh, April 4. 1817, 

He was born when his father was less than 
seventeen years of age. Like his sire, he was 
keenly interested in scientific agriculture. In 
abstract science, however, lay his chief glory. His 

{ fenius expressed itself in devising methods for 
essening the labour of reckoning. His famous 
logarithms and the device known as “ Napier's 
bones ” were the concrete results of his genius by 
which ho is best remembered. His discoveries 


were of vast importance to astronomy, navigation, 
surveying, and other pursuits involving compli- 
cated and elaliorato calculations. His eldest son 
was ennobled. 


Napoleon Bonaparte 

b. Ajaccto, Oorairai, Aug. 15, 1769. d. St. Helena, May 5, 1821. 

He was the second son of Carlo Bonaparte, who 
was of noble but impoverished family. His mili- 
tary studies liegan at Briennc, and were continued 
at Paris ; but actual experience began in his 
seventeenth year, when he obtained a lieutenancy 
in an artillery regiment. The disturbed state of 
the nation, and the urgent need for officers with 
talent, made his promotion rapid. After com- 
manding the Siege of Toulon against the Royalists, 
he was made a general, when only twenty-four. 
In another three years he was the most famous 
general in Europe. He married Josephine, a 
wealthy widow of much infiuonce in Paris, and 
immediately set out for Italy, where he defeated 
the Austrians and Piedmontese, and entered 
Milan. Returning to Franco with the bays of 
many victories, he next entered upon a campaign 
against the eastern dominions of Britain. He 
conquered Egypt and Syria, but met with a 
reverse at Acre, where the defence was assisted by 
the English. Recalled to France by disturbing 
news of political disruption and of the loss of the 
newly-gained Italian territory, he was elected 
First Consul for ten years. Then, crossing the 
Alps, he swept down on Italy, and inflicted crush- 
ing blows upon the Austrians, winning for France 
the whole of Northern Italy. Various treaties 
gave the continent temporary. peace, and Napoleon 
took advantage of it to reorganise France by 
moans of the Code Napoleon, the establishment of 
the University, the National Bank, the Legion of 
Honour, and by the sweeping away of abuses 
which the Revolution had left.. Thc^ were fruit- 
ful days, but war soon broke out again. Ho made 
elaborate preparations for the invasion of England, 
and oven nad a medal struck to commemorate the 
triumph which he was never to achieve. The 
Battle of Trafalgar effectually settled the question 
of invasion. Thereupon he turned his armies to 
Germany, where the tremendous victories of Ulm 
and Austerlitz were gained, to be followed by the 
overthrow of Prussia at Jena. He had now be- 
come hereditary Emperor, and attained the zenith 
of his power. One of his brothers was King of 
Naples, another was King of Holland, and a third 
was King of Westphalia, He himself was crowned 
King of Italy, and he now set his brother Joseph 
on the Spanish throne. The people rose in revolt. 
Wellington larded in Portugal, and the Peninsuli^r 
War was begun. Many troubles now gathered 
about him; but after further battles he oonoluded 
peace with Austria, and married the daughter of 
ner Royal house, having previously dtvoroed 
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Josephine. Meanwhile, the Continental system — 
by ‘which the commerce of England was to be 
boycotted — was in force, and it was the failure of 
the Tsar strictly to enforce it which , led to war 
with that country. Napoleon marched a vast army 
to Moscow, but the city was ^ fired, and he had to 
retreat in the depth of a Russian winter, harassed 
all the way by an indomitable foe. He lost four- 
fifths of the army with which he had wt out, and, 
the allied armies of his enemies closing in u|^n 
Paris, he was compelled to abdicate. For a tew 
months he lived as King of the Island of Elba, 
but returned secretly to France, regained the 
Hirone, and began the hundred days wnich ended 
in his final overthrow at Waterloo. He was taken 
prisoner to St. Helena, and died there, after five 
and a half wretched years, of cancer. Napoleon 
was the incarnate spirit of war, but he was great 
as an administrator. That ho was cruel, and false, 
and treacherous, and filled with inordinate vanity, 
which cost the lives of millions of his fellow- 
creatures, every student of his history is aware. 
But such a man is not to be judged by ordinary 
standards. As Ivord Rosebery has said, Napoleon 
came from Corsica a little pagan, viewing the 
world as his oyster. He was reared in the life 
of camps and in the terrors of revolution. He 
was raised to rule a nation which, in the horrors 
of a great convulsion, had formally renounced and 
practically abjured Christianity. He had to fight 
for his own hand against the whole world. It was 
breathless work, which gave little time for 
reflection. Before ho died he saw all that he 
had built at such a cost of blood swept away. Had 
he died Emperor of France, no man could have 
followed him. His death must have created a gulf 
in which the whole apparatus of his government 
would have disapi>eareil. 


Nasmyth. Jamea 


b. Edinbarsrh, Aug. IS, 1S08. 


<1. Ion Ion. May 7. im. 


The Nasmyths were a talented family — the 
father a gifted ^Kirtrait painter, a brother a land- 
scape artist. James Nasmyth was the mechanical 
genius of the family. In 1839 he was informed 
that a steamship could not be built because there 
was no forge in existence big enough to forge its 
naddle-crank. In half an hour Nasmyth sketched 
nis famous steam-hammer. The contrivance was 
built from that hurriedly-drawn sketch. He after- 
wards invented the steam pile-driver. Astronomy 
M’as one of his favourite studies, and he wrote a 
volume on the moon, which is still reprinted. 


Nebuchadnexsar 

began to reign, Knbylon, 604 B.r. d. Babylon, 062 n c;. 

As a warrior, architect, engineer, and ruler, 
Nebuchadnezzar was supreme in his age. He in- 
herited froni NaboiKjlassar, his father, a mere 
provincial city in Babylon. Ho made the city the 
wonder of all the ages; his dominions he so en- 
larged that they extended from Persia to Egypt, 
from Cicilia to the Persian Gulf. He liosieged 
Jerusalem, and twice carried away its king, and 
swept all but the very outcast of the xwjoplc into 
captivity. The rebellion of the Jews he punished 
with atrocious cruelty. Zedekiah— whom he had 

C laoed on the throne, but who had risen against 
im — he condemned to gaze on the slaughter of his 
own children. Then he put out his eyes, and led 
him in chains to Babylon. When Daniel inter- 
preted his dreani^ he worshipped him, and bade 
all his people worship no god but the God of 
Daniel. For seven years his mind was clouded ; 
but, recovering, he seems to have forsaken idolatry. 
His empire decayed after he died as rapidly as he 
had built it. 


NeUon. Hormtio, Viscount 

b. Burnhiuii Thorpe. Norfolk. Bept. ». 1788. d. TrafUgar. Oct. 21, 1805. 

A son of the rectory, he was a weakly boy, who 
never seemed likely to make a sailor ; but experi- 
ences in the West Indies, and an expedition to the 
Arctic Regions, proved his metal. He was a fwst- 
^aptain at twenty-one, serving in the American 


War. War with France having been declared^^^ he 
served under Hood and Hotham, and greatly dis- 
tinguished himself at the battle off Cape Sfc. Vin- 
cent, where for an hour his ship withstood the 
whole Spanish van and captured two vessels. Pro- 
moted to the rank of rear-admiral, he was sent to 
intercept Napoleon’s expedition to Egypt. This 
ho failed to do, but he came up with the French 
fleet in Aboukir Bay. The French were anchored 
in superior numbers, and Nelson planned a daring 
and original stroke. The wind was blowing 
against the French fleet, and he sailed down and 
took the enemy’s ships one at a time. Ho caj)- 
tured or sunk all save four, which eaca]ied, to be 
taken by him not long afterwards. Nelson went to 
Naples a hero. He had married some years before, 
but now he met Lady Hamilton at the Court of 
Naples, and they entered into that liaison which 
stains his name. He remained at Naples in 
dofianoe of orders, and when ho reached England 
there was a stormy interview with his wife, after 
which they partiid, never to meet again. He was 
censured for his disobedience at Naples, but there 
was too much fighting for him to remain idle. He 
directed the attack on Copenhagen and the Danish 
fleet, where ho won new honours in a fierce and 
bloody battle. Tlio after events in his life were 
but preliminaries to the Battli* of Trafalgar. The 
French and Spanish fleets were allied ; unless these 
were crushed, Napoleon’s army would surely in- 
vade England. There were many delays and 
wearisome searchings by Nelson for the missing 
fleet. At last it was brought to battle off Cape 
Trafalgar. Nelson signalloil to his fle«‘t, “Eng- 
land expects that evcTy man will do his duty.” 
He had twenty-seven ships, the French ami 
Spaniards thirty-three. Tne enemy’s fleet was 
annihilated. Nelson himwdf fell, shot by a J^'ronch- 
inan in the tops of the Rodoutal)le; but he lived 
long enough to know that his victory was eoinplete 
and his country saved. He was the greatest naval 
W'arrior the world has known. He had all the 
genius and all the patience and the bravery 
essential to his work. In i>rivate he was a simple, 
unaffected man. In one battle he had an eye 
destroyed ; in another he lost an arm ; but he was 
always wholly a hero in battle. The one blot uiKin 
his fume is his relations with Lady Hamilton- a 
beautiful adventure.ss, who had become, the wife of 
Sir William Hamilton. For her he sacrificed his 
|)ersonal honour and reputation as a moral man. 

Newcomen, Thomas 

It, Pariniuuth, Fab. 16Uti. d. l/imlon (?), 1720. 

He was one of the obscure, industrious geniuses 
to whom we owe the av>plication of steam as a 
motive power. He was either an ironmonger or 
a blacjksmith. Possesw^d of an original and in- 
tjuiring mind, he corresponded with Robert Hooke 
as to the investigations of Papin and the Marquis 
of Worcester ujMDn the applicability of steairi- 
fKiwer for the purpose of driving machinery. He 
found a kindred spirit in Savory, a mine manager 
of Cornwall, and a sympathetic friend in Cawley, 
a glazier. The former was another born inventor ; 
Cawley seems to have advanced the capital which 
Newcomen first needed for his exiKTinients. The 
outcome was a patent for the “ atmospheric steam- 
engine.” Its purpose was to pump water from 
mines. This was the first piece of mechanism in 
which steam was ustjd with jiractical success. 
Hero, of Alexandria, born two thousand year^ 
before, had discovered the power of steam, and 
applied it in the form of what was jiractically a 
primitive steam-turbine. For two thousand year# 
the secret lay hidden, if it can Im said ever tc 
have been mastered. Possibly Newcomen never 
heard of Hero. Ho, at any rate, was the next 
man after the Alexandrian genius successfully to 
carry out experiments with steam. But New- 
comen turned his experiments to practical account, 
and all our triumphs with stoam date from his 
successful efforts. 
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HWwmmn, John Hwnry 

> 1 , Loiidou. Felffuary £1.1801. d. Blrmtngluun, Angntt 11. 1890. 

The son of a banker, whose affairs became in- 
volved before the future cardinal had completed 
his Oxford course, he gained an Oriel Fellowship 
and took Orders. He threw himself with eager- 
ness into the ‘‘ Tractarian Movement ” at Oxford, 
which landed him, as it had landed others, in the 
Roman Catholic Church. In his new faith he 
worked humbly -and with zeal, and became famous 
for his sermons and lectures and writings. Ho 
had a singularly charming literary style, and 
was a poet of high order. His ^^Lead, Kindly 
Light” is the most popular of all hymns; his 
“Dream of Gerontius is a work of striking 
beauty. He was created a cardinal in 1870, thirty- 
four years after his secession from the Anglican 
Church. His brother, Francis William Newman, 
was an educationist of renown, and did not follow 
John Henry to Rome. 

Newton, Sir Isaac 

b. Woolsthorpc. Ltnce, Deounber 2S. 1642. d. London, lUrch 20. ITS?. 

His father was a small freehold farmer. He 
was only twenty-one when he took his B.A. at 
Cambridge, and recorded his discovery of fluxions. 
A year later the great law of universal gravitation 
dawned upon him, suggested to his mind by the 
fall of an apple. His efforts to explain the lunar 
and planetary motions were fruitless, owing to the 
absence of reliable data as to the size of the earth, 
and he had to put aside his work, and turn to the 
investigation into the nature of light and the 
construction of telescopes. His discoveries as to the 
latter led to the construction of the first reflecting 
telescope, which later workers were to bring to 
perfection. Picard produced his estimate of the 
size of the earth in 1670, and Newton was able to 
resume, at the point where he had desisted, his 
speculations on the law of gravitation. Fourteen 
years elapeed before his completed theory was 
given to the world. Newton sat in Parliament, 
became Master of the Mint, and reformed the 
coinage; recommended public encouragement for 
an invention to detormino longitude, and was for 
twenty-four years President of the Royal Society. 
He has been called the pviest of Nature. No one 
before him had over so clearly unfolded the laws 
by which the material world is regulated. He was 
one of the humblest of men, and spoke of himself 
as a child in knowledge. 


Nightingale, Florence 

b. Flormiue. Kay 10, 1890. 

Although born in Florence, she is of English 
parentage. When quite a young woman, she made 
a tour of European hospitals, and on the outbreak 
of the Crimean War volunteered to organise a 
nursing department at Scutari. The terrible con- 
dition of the wounded was vastly improved under 
her skilful and sympathetic direction, and her 
work was the beginning of complete reforms in 
Army hospital methods. A public testimonial 
took the form of a £50,000 gift to her. This sum 
she devoted to the formation of a properly- 
equipped training institution for nurses. 

Otho i. or Otto the Great 

d. Mrmleben. 0«rin«ny. ll»y T. 973. 

Succeeding his father, Henry I., as King of the 
Germans, he extended his dominions in various 
directions, suppressed rebellious nobles, restored 
the institutions of Charlemagne, and implanted 
Christianity in Scandinavian and Slavonic lands. 


i. Sir Richard 

(T, July SO, 1S04. d. London, Deoembnr la 1898. 

study in Edinburgh and at a London 
h«ipital, he determined to enter ttio Navy. While 
hoDuut for an opening, h© was offered the post of 
assi^nt to the curator of the museum of the 
Royal Colley of Surgeons. Here was houwd the 
great collection got together by John Hunter, and 


it became Owen’s task to classify and oataloguo it 
So, quite by chance, he was led to devote himself 
to science, and to make a lasting reputation as one 
of the foremost of British comparative anatomists 
and palseontologists. His work, slow to be recog- 
nised in official circles by his own countrymen, was 
honoured by every scientific academy in Europe. 

Owen, Robert 

b. Newtown, Walee, Kay 14. 1771. d. Newtown, Noyember 17, 1808. 

The founder of Socialism in Britain was the son 
of poor parents, and from the position of shop-boy 
ro^ to that of factory manager, and then cotton 
millowner. He put his Sooialism to practical test 
by experimental plans in Scotland, America 
Ireland, and England. l^e scheme, though it 
attracted widespread attention, was not a success, 
and brought him to comparative poverty. Never- 
theless, he was instrumental in bringing about the 
first factory legislation. He was the pioneer of the 
co-operative movement, and schools for infants 
had their origin in his experiments. 

Paganini, Niccolo 

b. Genoa, February 18, 1784. d. Nice, Key 27, 1840. 

The prince of violinists was the son of a street- 
porter, who soourged him to study while yet an 
infant. Ho was performing in public at nine, and 
at seventeen was a blase man of the world — a 
gambler and spendthrift. Then he disappeared 
for four years from public life, emerging at the 
age of twenty-one, to win triumph upon triumph 
in all the capitals of Europe. Gaunt and repellent 
of appearance, playing the violin with demonic 
force and spirit, and with effects such as no other 
man had ever produced, he exercised upon his 
audiences an influence quite hypnotic. Serious 
people in polite society declared that he was 
animated by evil spirits, and that he was accom- 
panied on the concert platform by a “familiar.” 
H© made a large fortune, but lost heavily over 
speculations, 

Palestrina, Giovanni Pierluigi da 

b, F»le«trliia, Italy, about 1034. d. Borne, February 2, 1094.- 

It was to Palestrina that the Council* of Trent 
entrusted the reform of Church music. He was the 
first to combine the art with the science of music, 
to give beauty as well as technical correctness. 
His work marked a now epoch in music. 

Paley, William 

b. P®terbon»ugli, July 1743. d, Unuolu, Kay 8S, 1806. 

After a successful career at college, he hold 
various benefices, but was remarkable more for his 
writings than his spoken sermons. His principal 
work was the well-known “ Evidences of 
Christianity.” 

Paliaay, Bernard 

b. near Ageu, Fratice, a)>out 1009. d. Parii, l^sa 

Industrial inventor, philosopher, and scientist, 
Palissy was one of the neroes of his century. His 
long and undaunted struggles with poverty while 
trying to discover the secret of the enamel for 
china are of the classics of industral history. Im- 
prisoned as a Huguenot, he was released to con- 
tinue his public works, but was again thrown into 
the Bastille because of his religion, and died ir 
that infamous prison. 

Palladio, Andrea 

b. Vlcensa. Italy, Novtmbar 30. ISIS. d. Vioeuia, Au«uitl9, 1080, 

The author of the Palladian style of architecture 
was the creator of many noble works in Italy^ and 
the founder of the modern school of Italian archi- 
tecture. He wrote as well as he designed, and hia 
great book on architecture was of inestimable 
assistanoe, among otheri^ to Inigo Jones, the great 


b, BloU. Fratloe, AUffUit 98, 1647. d. London, ITUL 

Regarded by the French as the inventor of the 
•team-engine and steam navigation, he certainly 
was one of the pioneers in these direo^nt. He 

d3 



THK WORLD’S ORMT MRN 

did apply sioam for driving a piston, but he looked 
not to the expansive force of steam, but to atmo- 
spheric pressure for mechanical power. His idea 
was developed by Newcomen, Brindley, and 
Smeaton, and undoubtedly paved the way for work 
upon more correct lines. Papin did im^rtant 
work in association with Huygens and Bovie, and 
set convention at naught by fitting a paddle-wheel 
worked by hand into a vessel in which he essayed 
to cross the Channel. He died in poverty and 
obscurity. 

Paracelaua 

b. Bwlteerlund, December 17. 1483. d. Balibiiit. September 83. 1541. 

Paracelsus was the self-conferred name of 
Theophrastus Bombastus von Hohenheim, son of a 
Swiss physician; he early studied alchemy and 
chemistry, and by practical experiments learned 
the properties of metals and minerals. He was a 
vain -glorious creature, but the courage with which 
he advocated his theories was of great importance 
in affording a new impetus to the development of 
pharmaceutical chenMstry and in encouraging 
research and irivestigation. From his labours 
many new chemical compounds were discovered. 

Parli, Mungo 

b. Selklrkiibire, September 10, 1771. d. Africa. 1805. 

At twenty years of age, after having studied 
medicine and surgery, he set sail for Sumatra in 
the East-Indiaman Worccslcr^ on which he held 
the post of assistant-surgeon. This led to his 
employment by the African Association, Sn whoso 
behalf he undertook to explore the course of the 
Niger. After many startling adventures ho re- 
turned to civilisation, and, in an interesting volume, 
threw light on the interior of the Dark Continent. 
Thereafter he settled down to practise as a 
country surgeon in Scotland. The life, however, 
jirovcd im^KJSsible to him, and he again underto<)k 
an ox^dition into the interior of Airica. Starting 
from Pisania, on the Gambia, he lost thirty-eight 
of his forty -five companions. The survivors were 
attacked by natives at Boussa, and i>erished with 
him. 

Pascal, Blaise 

b. Clennoii^FerrMid, France, June 19. 1023. d. Parifi. AtiKUat 10. 1602. 

His father, early persuaded of the talents of the 
boy, gave him an excellent education, but kept 
him from the study of mathematics, to which ne 
particularly inclinocl. In spite of this deprivation 
Pascal became one of the greatest matbeinaticians 
of his ago, and is said to have “ reconstructed ” 
geometry while still a boy. He wrote, before the 
complotion of his .sixtefmth year, a treatise on 
“Conic Sections,” which attracted the attention of 
Descai't^'s; and before he was nineteen had in- 
vented s. calculating machine to help his father in 
his work. His investigations in connection with 
the vacuum and hydraulics wore of great import- 
ance. His literary productions were of two 
kinds -sdentific and philosophic, moral and 
theologiH*.al. Ilis “Provincial Letters,” a satire on 
the morAl theology of the Jesuits, and “ Thoughts ” 
are for all time. They had an extraordinary 
effect in Europe at the time of their production, 
and are still treasured by every people into whose 
language they have been translated. 

Pasteur, L,ouls 

b. D^ie. Fnuio«, DMember 87. 1S22. d. St. Cload. Fmnoe, Bbp. 88. 1885. 

He was the son of a tanner, and when homesick 
and melancholy would say, “ If I could only smell 
the tannery again I should be well.” None of the 
early manifestations of genius which often fore- 
shadow coming greatness was apparent in his case. 
His health was poor, and his menial faculties slow 
to ^velop. But he had industry and application, 
and, by working steadfastly at problems which hod 
puxxled ail the chemists and physicists of his time, 
made a discovery which at once placed him in a 
position of honour among contemporary scientists. 
64 


This was the outoome of his work on taftrate 
crystals and “left-handed” tartrates, and led him 
on to his great discoveries in fermentation and the 
action of atmospheric organisms. He 'swept aside 
the chemical speculations as to spontaneous genera- 
tion, and showed that wine and milk turn sour, 
and meat becomes putrid, from the effects of these 
atmospheric organisms. Exclude these, he said, 
and food and drink remain pure and sweet. It 
was not without the most delicate and intricate 
experiments that his point was proved. Once 
established, it effected a complete revolution in 
chemical and biological science. The way was 
prepared for Lord Lister and antiseptic surgery, 
and for a thousand-and-one applications of the 
discovery to commerce and food supply. By this 
time the tanner’s son had established himself at 
the head of his calling. Many and severe tests 
were imposed upon him, but, thanks to his powers 
of patient research and quick and exact observa- 
tion, ho succeeded in all. He, had never seen a 
silkworm until the silk-producers t^sought his aid 
in the extermination of a fiest which was ruining 
their industry; but he stamped out the plague. 
He cured chicken cholera, which had been destroy- 
ing 10 per cent, of the poultry of his country ; and 
he reduced the mortality in anthrax from 10 to 1 
per cent. These discoveries represented in money 
hundreds of millions of pounds. Even more im- 
portant to the human race were his investigations 
as to the cause and euro of hydrophobia, which 
resulted in his finding a way of rendering dogs 
immune from the evil, and of curing human peings 
suffering from it. 

Paul, St. 

b. Tanraa, Cilicia. rt. Rome, 64. A.n. 

The son of Jewi.sh parents, “ a Hebrew of the 
Hebrews,” he was named Saul, and put to the 
trade of a tent-maker. Going to Jerusalem, he 
studied un'ler Gamaliel, who held a foremost place 
among the theologians of the city. Gamaliel was 
a broad-minded, tolerant man, but Paul imbibed 
only of his knowledge, not of his spirit, so that he 
became a great master of the law and traditions 
and preoedents, and thoroughly acquainted with 
the Scriptures and current methods of interpreta- 
tion. The future Apostle became prominent as a 
l^ersecutor of the Jews, and was present at the 
stoning of Stephen. Then came nis miraculous 
conversion, and his subsequent teaching and ex- 
jKisition of Christianity. He made missionary 
tours in Syria, Cyprus, Asia Minor, Macedonia, 
and elsewhere ; was imprisoned and tried, api>ealed 
against his sentence, and was sent to Rome. There 
he was acquitted, so that ho was able to resume 
his journeys, but, returning to Romo, suffered 
martyrdom under the brutal Nero. Avowedly the 
servant of Christianity, he was really its leader. 
For two centuries after his death his name was 
little regarded, though his work lived and 
flourished and extended. His position and labours 
became more fully recognised in the century of 
Ambrose, Athanasius, and Augustin, but it was 
reserved for later Christians to raise him to his 
right place in the role of priests and martyrs. 

Pmarton, Sir Joseph 

b. near Wobnm, Beds, AugiiBtS, 1801. d. Sydenhiun. June 9. 1866. 

One of the best examples of the self-made man, 
Paxton began life as an ordinary working' 
gardener on the estate of the Duke of Devonshire, 
for whom he modelled the famous Chatsworth 
gardens and conservatories. He sent in for 
competition a rou^h design for a building for the 
Great Exhibition in Hyde Park, which gained the 
prize. He saw the building erected, and afterwards 
transferred to Sydenham, whore it exists still os 
the world-famous Crystal Palace. Paxton’s useful 
and admirable life was crowned by the publication 
of several valuable horticultural works. As an 
instance of his powers of observation, it may be 
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note^ that tho exoellcnoo of his dosipi for tho 
Crystal Palaoo was its lightness and its grace of 
design* He adapted the idea from an aquatic 
plant on tho Chatsworth estato. 

Peabody, George 

K 8. Uititvera, Maw., February 18, 1796, d. Londoiii NoTumber 4, 

Starting on the lowest rung, ho worked in 
various small shops as assistant to wooers, drai>er8, 
and storekeepers, until he had saved capital 
enough to become partner in a dry goods store. 
This was when he had attained the ago of thirty- 
four. Eight years later he opened in London as a 
merchant banker. By unimpeachable methods he 
amassed a great fortune, and during his lifetime 
gave away one and a half millions for exploration, 
For education, and for the building of industrial 
homos in London. The Peabody buildings have 
been established out of the funds given by him for 
the purpose. 

Peary, Robert Edwin 

b. Orewou Bpringi, Ponn., (7.8. A., Mh}' 6, 1HM. 

The most persistent of Arctic explorers, he 
joined the American Navy in 1881, ana from time 
to time has sought leave of absence to make “ a 
dash for tho Polo.” He had done a good deal of 
survey and mapping work in silent lands and 
lonely waters, before the world at large heard of 
him, and thus prepared himself for the greater 
work vrith which his name was to become identi- 
fied. In tho expedition from which he returned 
in 1906 he got to within 200 miles of the Pole on 
tho Greenland side, so eclipsing all existing 
records. The Abruzzi expedition wont thirty miles 
nearer than Nansen’s; Peary’s got thirty miles 
beyond the point nt which the Abruzzi expedition 
was driven back. 

Peel, Sir Robert 

b. timr Bury. Ltnes, Ft*bruary R. 1788. * d. London, July 2, ISTid. 

Consecrated to politics from his youth up, Peel 
was bidden by his father to aim no lower than the 
Promior.ship, ” ^b, you dog, if you’re not Prime 
Minister, I’ll disinherit you !” his father used 
jestingly to say. But he was sworn to service with 
the wrong party. At heart a Whig, he was 
destined to lead, to break up, to reconstruct, and 
oiicHi more .shatter tho Conservatives, At twenty- 
four he was Chief Secretary for Ireland, and so 
hostile to Catholic claims for freedom that he was 
nicknamed Orange Peel.” Yet it fell to him, os 
Homo Secretary, and l.<eader of the House of 
Commons, to ])roi) 08 e to the House a Bill for 
Homan Catholic Emanci|)atinn, his earlier 
antipathy to which, he cxDnh'Ased, had been his sole 
reason for refusing to act with Canning. The Bill 
cost him his seat and broke up his party, though 
not at once. lie carried several useful measures, 
of wliicli his n’foriTi of the [>olice force was the 
most conspicuous. As licader of the Opposition 
during tho next ten years he was brilliantly suc- 
cessful, and restored his party to powder. On 
taking office as Prime Minister in 1841, he was 
sup|X)rted by a Conservative party pledged to 
Protection, and it fell to him to destroy the 
system which ho had been placed in i>ower to 
maintain. He resijfned, in order to allow Lord 
John Russell to sweep away the Corn Laws; but 
as Russell could not form a Government Peel 
returned, and himself abolished the taxes on food. 
His party revolted and defeated him, and he 
declared that he had done for all time with parties. 
His death, the result of an accident' while riding, 
prevented his saving from being ^ falsified. 
Although force of circumstances made him forsake 
principles to which he was pledged, tfie honesty 
and integrity of Peel are not to bo hnpugned. 


became Speaker of the House of Commons in 
IB84, and held that position until 1895, when he 
was created Viscount Peel. 

Penn, Will'nm 

b. London, October 14, 1644. d. Rii <»>mbe, BerkH, July SO, 1718. 

His father, the redoubtable Sir William Penn, 
t»mt him to Oxford, where he came under the ban 
of the powers for Nonconformity. Penn travelled, 
and took military service, but was recalled to his 
earlier ideas by a chance mei»ting with a Quaker 
minister, under whose influence ho developed into 
a bold speaker and writer, carrying the war for 
freedom of conscience from England into Ger- 
many. Twice his free expressions of opinion 
brought him to gaol; but his trial in 1670 marked 
an epoch in English public life, in that it estab- 
lished for all time tho immunity of juries. In 1681 
he obtained from the Crown, in lieu of his father’s 
claim upon it, a grant of territory in America 
called, after the admiral, Pennsylvania. Here ho 
settled a numerous body of his co-religionists with 
a famous charter. He planned the city of Phila- 
delphia, and became governor as well as pro- 
prietor of the colony. After tho accession of 
vVilliam HI., Penn was wrongfully accused of 
treasonable adherence to the deposed James II. 
His troubles wore not ended, in the New World or 
the Old. The Colonial Constitution had proved un- 
workable, and there was much discontent. The 
colony did eventually prosper, but Penn, returning 
to England, sufTored financial embarrassment, and 
was actually an inmate for nine months of the 
debtors’ prison — the Fleet. To the end his life 
was harassed by pecuniAry and political trqubles. 
Penn is one of the men whose characters and 
actions Macaulay has wrongly appraised. The 
inflmmcc which he had at Court was invariably 
exerted for the succour of his persecuted brethren. 

Pericles 

b; AibtMis. 6th MDtitry B.c. d. Ath«Di. 429 R.o. 

Born of distinguished X)arenta, Pericles was for 
forty years the leading statesman in Athens. In 
his day she reached her highest point in splendour 
and power. He obliterated all trace of oligarchical 
institutions; he made Athens an oinpiro state; he 
took tribute of maritime allies, and devoted part 
of the money to the adonimcmt of Athens with 
those glories which made the memory of the city 
immortal. To him she owed the Parthenon, 
Erechtheum, the Propylaea, the Od<;uni, and 
numberless other noble. Imildings, as well as some 
of her finest classical sculptures. lie died of fever, 
contracted when tho war between Athens and 
Sparta was at its height. He was an able general 
and a famous orator, but did his beloved Athens 
irreparable injury by not foreseeing that personal 
government, nobly as it worked in his hands, must 
Ihj ultimately ruinous to a nation. 

PerKin, Sir William Henry 

b. London, March 12, IWtH. 

Sent to the City of iKmdon School, the only 
institution of the character at the time where 
scientific subjects were taught, he became, at 
seventeen years of age, assistant to H. W. Hofman, 
tho great chemist. When in hrs eighteenth year 
Perkin, at Hofman’s instigation, was seeking to 
make artificial quinine, he obtained unexpected 
results. He had discovered tho way to manufac- 
ture an aniline purple or mauve from coal-tar. 
The discovery was patented, and at eighteen years 
of age he was within sight of potential wealth 
inestimable. The process was worked by himself, 
his brother, and father, who soon made a vast 
fortune from it. Prom that laboratory exj^riment 
dates the gigantic industry in coal-tar products — 
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P«t«r the Great 

b. Moaoow. Jtme 9, ]6?i. 4. 8t. Pet«r«burg, Febnuu'jr 8, ITiS. 

At first ho reigned jointly with his half-brother, 
the weak • minded Ivan, but at his death 
reigned alone. He Europeanised his army, and 
set about the creation of a navy imd the provision 
of harbours, of which, at this time, Russia had 
but one — Archangel. He seized Azov, and then 
set forth to see what civilisation was doing for 
other peoples. He visited several countries, 
eventually reaching England. At Amsterdam, dis- 
guised as a labourer, he worked as a shipwright, 
and devoted his leisure to the study of science and 
philosophy. From England he carried back engi- 
neers, artificers, surgeons, artillerymen, and 
artisans to the number of 500. At home he en- 
couraged literature, developed trade with other 
countries, organised a national Church, and 
founded St. Petersburg. He was engaged in many 
wars and internal rebellions during his reign, but 
he extended his dominions, and made Russia a 
civilised nation. A genius in creative ability, he 
was a savage in his wrath, an Asiatic in his 
pleasures. Allowing for his limitations, he fully 
deserves his title “Great,” for he was one of tho 
most remarkable men of any age. 

Peter the Hermit 

b. Amlena, France, about 1050. d. Uny, Belgium. July 7, Ilia 

Though not a great man in the best sense of the 
term, Peter the Hermit was one of the most 
astonishing figures of his age. First a soldier in 
the service of the Counts of Boulogne, he aban- 
doned wife and family and became a monk. 
Roused by stories of the sufferings of Christians in 
Palestine, he went throughout Euroix? preaching a 
crusade. Blessed by tho Pope, Urban II., he 
traversed a groat part of Europe, riding bare- 
headed and barefooted, carrying a cross. Every- 
where hi8 fiery eloquence caused him to be received 
as an inspired prophet. A groat multitude fol- 
low<!d him, clamouring to bo led forthwith to the 
Holy Land. With Peter at their head, a mob of 
40,000 enthusiasts set forth. They fought and slew 
and pillaged their way to Constantinople, and wore 
practically exterminated by the Turks at Niceea. 
The Crusade, led by Godfrey of Bouillon, was 
accompanied by Peter the Hermit, who, during 
the long siege of Antioch, was among those to lo«i 
heart and desert. He was carried back, to 
undergo a public reprimand. When at lost 
Jerusalem was taken, the triumphant Crusaders 
foil at his feet and ofTored him thanks, as the 
original inspirer of their expedition. The life of 
Peter tho Hermit is an amazing example of the 
power of one gifted enthusiast to inspire to lofty 
neroi.sm practically the whole people of a 
continent. 

Petrarch, Francesco de Parenso 

b. Are«so, Italy, Jaly 30, 1S74. 4. ArqoA, Italy, July IS. 1S74. 

The same d^reo which banished Dante from 
Florence sent into exile the father of Petrarch, 
who settled at Arezzo, where the founder of the 
Classical Revival was born. From his earliest 
years Petrarch devoted himself to the study of 
literature,* and in the days of his youth wrote the 
lovely lyrics which have maintained his fame un- 
dimmed for sixteen centuries. The death of his 
father left him without means, and he had to enter 
the Church. He never became a priest, but held 
various minor benefices, conferred by admirers of 
his genius. Of these there were many and power- 
ful, and kings competed for the distinction of 
having him at their Courts. The “ Lairta “ whom 
he immortalised he first met when he was twenty- 
three. She is supposed to have been the wife of 
Hugues <k Bade, and to have bwn the mother of 
eleven children. Petrarch’s passion for her Was of 
the purest and loftiest order, as was that of Dante 
for his Beatrice. At thirty-five Petrarch was 
recognised as the first scholar and poet of his age, 
and was crowned laureate in Rome. His life for 
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many years was passed at Courts and in** t^ 
society of the most learned and cultured men in 
Europe. His literary output was prodigious, and 
—vain are oiw own judgments !~-ne deemed the 
work* which ho now did the work upon which his 
fame would rest. As a fact, it was forgotten or 
eclipsed in a later age, and is never read in our 
own. Petrarch lives for posterity in the exquisite 
poems of his youth. 


Petrie, Sir William Matthew Flinders 

b. Woolwieb, June 8, 1853. 

The grandson of Captain Flinders, tho Aus- 
tralian explorer, he has made the buried past of 
Egypt the mission of his life. Tombs and temples 
have boon made to tell the wonderful story of a 
civilisation and culture in the East, in comparison 
with which tlw ancient arts of Gree^ are modern. 
His discoveries have meant practically the re- 
writing of ancient history. 


Petty, Sir William 

b. Roii>a«y. Uaiita, May 38, 1033. 


d, London, Daoember 16, 1087. 


He was the son of a small clothier, and, going 
to sea while a boy, was left, by sailors jealous of 
his attainments, with a broken leg u[>oti the coast 
of France. Instead of striving to return homo, he 
raised money by teaching English and navigation 
in Franco, and then entered himself at the Jesuit 
College at Caen, Normandy, where he receiAX*d a 

f ood general education. Continuing his studies in 
lollaiul, he passed on to Paris, whither ho was 
drawn by the fame of its 6cientist.s, and became 
associated with several notable men. UiK>n re- 
turning to England ho was still very poor, but 
gained reputation by the invention of a copying 
machine and by sketching proptosals for the forma- 
tion of a scientific society. That societjr did 
eventually come into being on the lines which he 
had planned. It was tho famous Royal Society, 
and he was one of its founders. With increasing 
reputation he was apjiointed a Fellow of Brasenose 
College, Professor ot Anatomy and Music. Next 
he was apfiointed physician to the Army in Ire- 
land, and surveyed tlic land forfeited to soldiers. 
Ho acquired considerable possessions, and founded 
important industries. His daughter married 
Thomas Fitzmaurice, Earl of Kerrv, and from this 
marriage descend tho Marquises ot Lansdowno. 


Phidlm* 

b. Ath«uii, about 400 b.c. 4. Atheua. about 4.13 )i.r. 

The greatest sculptor of antiquity had tho good 
fortune to live when Pericles was bedecking 
Athens with beauty, and to receive commissions to 
execute the chief statues and to sui^ervise all the 
similar work of the capital. He constructed the 
Propylflea and the Parthenon, and adorned them 
with stupendous figures, acclaimed by antiquity as 
tho most impressive and beautiful ever produced 
by man. The glorious Elgin marbles, fragmentsury 
remains of the Parthenon frieze, remain as some 
evidence of his masterly work. The enemies of 
Pericles, afraid openly to attack him, assailed 
him through his nearest friends, of whom Phidias 
was one. They charged him with appropriating 

f old intended for his wonderful statue^ of Zeus. 

[e was able to prove his innocence of this, so they 
charged him with impiety, he having introduced a 
portrait of himself into the statue of the goddess. 
j-Ie is supposed to have died while in prison on this 
second charge. 

Pladar 

b. near Th*bM. Greeo*, sbont 038 ac. d. Argo*, OrMoe, 449 b.0. 

The most famous and popular lyric poet of hit 
day, he is the only Greek ix>et of whose work any 
considerable portions remain to us. Tho^e pre- 
served are the four books of odes celebrating the 
victories won in the Olympian, Pythian, Nemean, 
and Isthmian games. They present a striking pic- 
ture of the importance wnioh the athletic con- 
tests of the age occupied in the minds of the 
niltured Greeks. Pindar wrote also hymns to the 
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gods, pSBans, lamentations for the dead, as well as 
odes to the victors in the gamea Only the last sur- 
vive^ entire. Pindar was a member of a talented 
family, members of which were renowned as 
masters of the flute. 

PIH, William 

h, near Bromley, Kent, May 28, 1750. d. Futuey, Jantiary 2S, 1806. 

The second son of the Earl of Chatham, who 
trained him from his earliest years to politics, the 
younger Pitt took naturally to statesmanship, and 
when he became Chancellor of the Exchequer at 
twenty- three, and Prime Minister at twenty -four, 
he entered upon his tremendous responsibilities 
with as much oonfldence as if he had been twice 
his age. For twenty years his power was un- 
broken, and he established for himself a position 
as one of the greatest statesmen in history. He 
enhanced the powers of the House of Commons 
OS the representatives of the nation; he abolished 
sinecure offices, and stamped out corruption ; he re- 
formed the revenue methods of the country, and 
re-established its finances. For long he managed 
to keep peace with the Continent, but the French 
Revolution at last drove him to war. His greatest 
triumph was Nelson’s Trafalgar victory. Pitt was 
now designated the “ Saviour of Europe.” His 
reply has become a classic: “Europe is not to 
be saved by any one man. England has saved 
herself by her exertions, and will, as I trust, save 
Europe by her exertions.” A month later came 
news of Napoleon’s wonderful victory at Ausi^r- 
litz, and this proved Pitt’s death-blow. He died 
less than two months later. Pitt was a great 
orator, a great financier — except when his personal 
interests were engaged — a born leader of men, but 
he had his weaknesses. He conferred titles with 
cynical indiffeirenco to the claims of the recipients ; 
he j:>ermitted scandalous corruption in the deal by 
which the union of England and Ireland was 
effected: he abandoned Parliamentary reform and 
the abolition of the slave-trade when opr>osition 
came from Parliament, and cast aside Catholic 
emancipation when the King objected. In private 
life he wa-s blameworthy for his hard drinking — a 
weakness of his era — and for the hopeless incom- 
petence with which he permitted his affairs to drift 
into confusion. Otherwise, his character was 
singularly amiable and exemplary, and on his 
death-bed he found consolation in reflecting on 
“ the innocence of his life.” 

Plato 

b. Abont 427 B.o. d. Atheus. S47 b.o. 

A disciple of ^crates, and the teacher of 
Aristotle, nis teaching, with that of his master and 

J mpil, has largely controlled the progress of specu- 
ative thought to the present day. In his youth 
he was a gymnast, a soldier, and a poet. He 
burned his poems upon coming under the influence 
of Socrates. After the death of the latter he 
travelled, and was seized and sold as a slavo in 
.^gina, but was ransomed. Returning now to 
Athens, he started his Academic School. The 
<ir>nHAmr wfts a errove. There, and in has own 


bodying the results* of his thinking in his written 
“ Dialogues.” He enjoyed a peaceful and prosper- 
ous old age, and died at a wedding feast. All the 
best of his philosophical writings have been pre- 
served, together with many whose authorship is 
not clearly traceable to him. Plato is the greatest 


is accounted os unapproached among mankind for 
the magnificent sweep of clear intellect, and the 
beauty and gorgoousness of poetic expression of 
bis expositions.' 

Flairfair, Lyon, Loi'd 

V. Matrat, India, May SI, WW. Loudon, May SO, 

He began his scientific career under the noted 
demists. Graham and Liebig, and turned his 


knowledge to account in the practical application 
of science to commerce and the everyday affairs of 
life. Ho managed an important bleaching works, 
and was the one to suggest ways and means of 
developing a little stream of oil in Derbyshire 
which was to prove the parent of the paraffin and 
i^troleum industries of the world. IIo was King 
Edward’s master in practical chemistry ; he served 
on many commissions dealing with the health and 
commodities of the nation ; he fHjrformed in- 
estimable service for the cause of ediicafcion. For 
many years he sat in Parliament, and acted as 
Deputy Speaker. His last letter was to Mrs. 
Gladstone, sympathising with her ui)on the death 
of her husband, whose decease preceded his own 
by only nine days. 

Plutarch 

b. Chnronea, Oreroe, about 46 A.n. d. Orocce. about 120 a.i>. 

The encyclopaedist of antiquity was educated at 
Athens, but visited Rome, and' lectured there on 
philosophy. The greater part of his days, how- 
ever, were spent at Chaeronca, his native place. 
There he wrote his discourses and his immortal 
“Lives.” With the latter every student is 
familiar. They are biographies of warriors, 
statesmen, legislators, and heroes of ages preceding 
his own. They are precious documents, based on 
records which have long been lost. 

Poe, Edgar Allan 

b. Bonton, Mom.. Jaiiuftry IS, 1809. fl. Baltiiaure. O. iotter 7, 1H48 

This gloomy genius was left an orphan when 
three years of age, but was adopted by a wealthy 
and kind-hearted man whose generosity ho ill 
sequited. Educated in London and at the Uni- 
versity of Virginia, he got into disgrace at the 
latter through di!|sipation and gambling, and was 
removed to his patron’s counting-house. He 
absconded and enlisted, was bought out, and sent 
to a military academy, from which ho w^as dis- 
missed for neglect of duty. Thrown on his own 
reeourccs, he WTOto poems and criticisms and 
stories for newspapers and magazines, ono of which 
ho edited. His most famous story, “ The Gold 
Bug,” w as written to win a £20 competition ; his 
greatest poem, “ The Raven,” was written for a 
New York evening paper. He gave way periodi- 
c^ly to gross intemperance, and was frequently in 
direst IK) verty.. His wife died when his affairs 
were in a hopeless condition, and he attempted 
suicide. Recovering, ho was about to marry a 
second time, when he had another outburst, and 
wt^ picked up in a public street, sodden with 
drink and dying. Ho was a genius of a peculiar 
order, with all the infirmities of genius, and few of 
its redeeming qualities. 

Polo, Marco 

b. Venice. 1254. d. Venice, 1321 

One of the earliest and greatest of travellers, 
Marco Polo was only a boy when he set out with 
his father and uncle to China. The elder Polos 
had already wandered thither, had been hand- 
somely received by Kublai^ Khan, the Empei*6r, 

learned men from Europe to the Celestial Empire. 
When they set out two friars aooonmanicd them, 
but soon turned back,' and the three Polos went on 
alone, by Sivus, Mosul, Bagdad, and Ormuz, 
through Khorasan, up the Oxus to the Pamir 


they were honoured guests at the Imperial Ciourt. 
Maroo was made an ambassador, and visited 
Cochin China, India, and elsewhere. Finally, the 
three returned, wealthy, to their native land, 
coming book by way of Sumatr^ the Straits of 
Malacca, Ceylon, and Ormuz. During a battle 
between the Venetians and Genoese, Maroo was 
taken prisoner and oast into gaol. His misfortune 
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was a blessing to posterity, for he recounted his 
adventures to a follow prisoner, who gave them to 
the world in the form of a book. That book did 
much to stimulate the love of travel, and was of 
great assistance to Columbus and other seekers 
after a sea-way to India. 

Pope, Aleacaoder 

*). Lmdou, M*y 3], ISIS. d. Twlitk«iih»ni, Uvy 30, 1744. 

His father, a linondrapor, having become a con- 
vert to Roman Catholicism, Pope nad . no regular 
training in the public schools, but laboured with 
prodigious zeal privately to equip himself. His 
intense application to study while still a child 
ruined his health, and his sickly constitution un- 
doubtedly gave that jaundiced bias to his mind by 
which he was throughout life affected. At twelve 
he had already l^gun to write poetry, and at four- 
teen produced his “ Ode on Solitude,” a surprising 
work for one so young. While he was still in 
his ’teens ho was introduced Viy Wycherley into the 
society of the literary lions of the age — Addison, 
Steele, Swift, and Arbuthnot. ” The Rape of the 
Lock,” one of his finest productions, was published 
in his twenty-fourth year, and ” Windsor Forest ” 
in the year following. His translation, of Homer 
began w'hen he was twenty-four. The ‘‘ Iliad ” 
occupied him seven years, and brought him fame 
and fortune. The “ Odyssey ” occupied a further 
five years, and wa.s not so successful, owing to his 
having entrusted parts of the work to hands less 
skilled than his own. ‘* The Dunciad ” was 
written while the “ Odyssey ” was in progress, but 
it was not published until 1728, so that iK'tween its 
completion and issue Pope might have time 
deliberately to sting into fury the victims of his 
lampoon, then represent their anger as haying 
induced him to write it. This was characteristic 
of Pope, who was always planning and plotting to 
deceive posterity into a belief in and admiration 
for a spontaneity which ho did not possess. The 

Essay on Man,” produced when he was forty- 
five. like two of his earlier works, abounds in lines 
and couplets which have passed into the habitual 
conversation of our lives^ Pope was one of the 
most extraordinary geniust^s produced by Eng- 
land. Soured by bodily infirmity, by perpetual 
animo.sities. and by ungratified vanity, he could 
stoop to the meanest, most .stupid deceits, yet he 
was tender-hearted and loyal to the weak and 
suffering. He had inspiration, yet never passed a 
lino or phrase until it had been refined and 
burnished into perfection. He laboured at hi.s 
work with all his energy, yet desired the world to 
believe that it was dashed off in bursts of en- 
tliusia.sm and sent in hot haste to the printers. 
The life story of the man dc^ not inspire admira- 
tion ; iio is bast studied in his works. 

Preece, Sir William Hmnry 

b. Carnirrou, February 1.7, 1^, 

Though ho inclined more to music than^ to 
science, it was in electricity and its many applica- 
tions to ]iractioal afiTairs that ho was destined to 
distinguish himself. He played an important part 
in the development of the telegraph in Britain 
and in the Colonies, and, as Consulting Engineer 
to. the Post Office, was responsible for in- 
numerable inventions of importance. He invented 
a system of wireless telegraphy ten years before 
that of Marconi was announced; he adapted elec- 
tricity in many ingenious ways to the purposes of 
railway work — ^not only as to signals, but as a 
motive power-^and has edited quite a library of 
the literature bf the science to which he has 
devoted his daya He introduced the telephone 
and the phonograph into Britain, and gave us the 
first of wireless telephones. 

HlelOlstg 

While he was studying at Hajrvard he was de- 
prived, through an accident, of the sight of one 


of his eyes, but the calamity did not keep him fitom 
unremitting study to qualify himself for the task 
of the historian,, Ho employed a reader, and 
devised a special apparatus to assist him in his 
work, and, though practically blind, he produced 
works of lasting fame on Spanish history, on 
Mexico, and on Feru. He was still toiling at his 
history of the reign of Philip 11. when overtaken 
by death. 

PriaatUy, Joseph 

h. Lerda, Mitrvh 13, ITiRI. d. NurthumberUud, Fa., Febiuary 6, 1804. 

The TOO of a cloth-dresser, he was sue 
Dissenting minister, school teacher, and 
In the latter capacity he served I^rd S 
whoni he accompanied on a journey to the 
Continent. There he rnet Lavoisier and other great 
chemists, and communicated to them his discovery 
of oxygen. In their hands this discovery revo- 
lutionised chemistry. Disciples of Lavoisier claim 
for their master that he discovered oxygen and the 
composition of water independently of Priestley, 
but the Englishman’s title to credit seems clear, 
though Lavoisier gave oxygen its name. Priestley 
had called it “ dephlogisted air,” believing the gas 
to be air deprived of the so-called phlogiston, in 
which ho believed to the end. He made many 
other important discoveries, but left to others their 
correct interpretation. Cavendish laid the foun- 
dation of pneumatic chemistry, but Priestley so 
improved ujxjn his apparatus as to bo called the 
father of pneumatic chemistry. His religious 
views were generally regarded &s heterodox, and 
towards the close of his career he emigrated to 
America, there to await the second coming of 
Christ. 

Prior, Matthew 

b. East Dortflt, July 2). 16S4. d. Wlnipnle, CamVM, Septembar, 18, 1731. 

Left fatherless at an early ago. ho became book- 
keeper to his uncle, a vintner, but was befriended 
^ the Earl of Dorset, and enabled to study at 
Cambridge. Although he is best remembered by 
his literary productions, in which occur lyrics and 
epigrams of surpassing excellence, he filled many 
diplomatic and State offioes, and succeeded Lock© 
as Commissioner of Trade and Plantations. Hii 
politics brought him to grief, the ascendancy of 
his enemies leading to his impeachment and 
incarceration (1715-1717) in gaol. 

Ptolemy 

b. A!«XAiidiiA, 2nfl century, a.o. <1. Alexandria, about 180 a.d. 

Although Claudius Ptolemesus borrowed more 
from the works of Hipparchus than he acknow- 
ledged, he was the author of much important 
in&pendent discovery in astronomy and optics. 
With the scanty data at his dis}x>sal he came to 
the conclusion that the earth is the centre of tho 
universe, with tho heavenly bodies revolving 
around it. His theories hold good until the 
system of Co^jcrnicua upset them. As a geographer 
he filled an important place. His calculations 
were often erroneous, but, considering tho meagre 
character of his information, they were remark- 
ably good guesses. One respect in which he was 
at fault was in his estimate of tho circumference 
of the globe. Columbus, basing his calculations on 
Ptolemy’s works, supposed the distance from the 
western coast of America to the ^eastern oo^t of 
Asia to be one-third lees than is ^tually the case, 
and in that belief was encouraged to attempt the 
voyage which led him to the discovery of America. 
Purcell, Henry 

b. Loiidoii, 1668. d. Wetinitiutar. Nor. 31, 1606. 

Admitted ai a chorister of the Chapel Royal, he 
composed an ode, when only twelve years of age, 
on the King’s birthday ; and he was but seventeen 
when he gave to the world his notable opera, 
**pide and ASneas.” He wrote much fine ohuroh 
am' 

all predecessors in this country. His music is still 
popular, more than two centuries after bis death. 
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rtirohAs, Smmual 

b, Tbaictod, Buex, 1477. d. London, B«ptembt‘r, 1828. 

A clergyman, he compiled books of travel which 
r-ossess tne highest historical value. During the 
latier part of his career he was Hector of St. 
Martin^ Ludgate Hill. 

Puachkin, Alexander Sergejevioh 

b. Moioow. May 28, ITie. d. Bt. Fetenbiiiv. Jtmuary 39, 1837. 

Puachkin was one of the greatest of Russian poets, 
the son of a woman of negro descent. Although 
his political views were far in advance of his age 
in Russia, be was repeatedly employed in the 
administrative work of the Government, but after 
a semi-exile he was dismissed and confined to his 
estate. He died of wounds sustained in a duel. 

Pythagoras 

b. 8«iino«, Oroaoe, about 880 ».0. d. Cmtona. about 600 n-c. 

He was a famous philosopher, and founder of 
the school of philosophy called after his name. 
He left no writings, our knowledge of his teachings 
and institutions depending on the traditions of his 
disciples. 

Quincey. Thomaa de 

b. ManchmttT. Atigiut 16, 1788. d. Kdlnburgb, DAcember 8, 1659. 

This brilliant essayist and miscellaneous writer 
was the son of a wealthy linendraper, but, owing 
to his erratic conduct as a youth, had to undergo 
severe privations in London before going to 
Oxford University. Here he contracted the opium 
habit, and upon his weakness based his famous 
Confessions of an English Opium-eater,*’ which 
at once established his reputation. His many 
charming writings were contributed, for the moat 
part, to magazines, and not published in book 
form until shortly before his death. He long 
shared the friendship in the Lakes of Coleridge 
and Wordsworth. 


Racine, Jean Baptiste 

b. Lft F«rte‘liilou, Fi*ance. 21, d. PatIs. April, 21,1899. 

The greatest of French tragic poets was left an 
orphan at an early age, but was carefully edu- 
cated by hi.s grandparents, and received into the 
best literary society of his ago. Ills literary 
career begun with the publication of odes, but his 
friendship with men like La Fontaine, Boileau, 
and Moliere led him to devote himself to the 
drama. In this he achieved striking successes, 
until either succes.sful rivalry or his conversion to 
religion turned him finally to poetry. As a poet 
be was even greater than as a dramatist, and 
bequeathed to posterity some of the most exquisite 
mmody in words ever conceived by the mind of 
man. 

RaiKea, Robert 

h. Glniicester, Septeinl^er 14, 1728. d. Gloucester, April 8, 1811. 

Moved by compassion for the desperate lot of 
the children of the poor, he started a Sunday- 
school in Gloucester, at wliich they wore taught 
to read and write and instructed in the Christian 
faith. The first of its kind ever established, it 
was a success from the outset, and became the 
parent of the entire Sunday-school movement. 
Raikes was a newspaper owner. 


RaUlgh, Sir Walter 

b, nw Bldiuoutb. Devon. 1682. d. Lmidou, October 29, 1818. 

One of the towering figures of Elizabethan 
days, Raleigh had all the daring and imagination 
of the hero of romance. He was a brilliant and 
daring soldier, a dauntless explorer, a polished 
statesman and courtier, a distinguished scientist 
and author. After completing his education at 
Oxford he served five years abroad as a volunteer 
in aid of the Huguenots, then took part in the 
expedition to America. He gamed the favour of 
Blixabeth, who heaped riches and honours upon 
him. His attempt to colonise that portion of 
America to which she gave the name of Virgima 
oMt Raleigh £40,000, end yielded to England at 
the outset tobacco and the potato. Raleigh was 


ever the foe of Spain, and had a brave part in the 
destruction of the Armada, and in many lesser 
engagements with the groat Catholic nation in the 
Old World and the New. Threatened in the affec- 
tions of Elizabeth by the handsome and gallant 
Essex, Raleigh repaired to Ireland, where the 
Queen had given him an estate of 40,000 acres. 
He was soon restored to favour by the Queen, who 
would liave made Raleigh’s career more glorious 
had she not so dotingly kept him at Court when 
. he was planning greater enterprises. However, 
his favour ended when his intrigue with Bessy 
Throckmorton was discovered. Tales of the riches 
of Guiana drew Raleigh from retirement, and ho 
set sail on an expedition of discovery, and pub- 
lished an account of his doings. With the acxjes- 
sion of James I. Raleigh was accused of treason, 
and condemned to death. For long he was kept a 
prisoner, then was released, to go again to Guiana. 
His expedition failed, and upon his return he was 
ro-arrestod and executed. 

Ramsay, Sir William 

b. GlMdgow, Octobt'f 2, 

One of the most distinguished of modern 
scientists, he was educated at Glasgow and 
Tubingen Universities, and, after a successful- 
career as tutor and college principal, won renown 
by researches into the (jonstituents of air. In 
conjunction with Lord Rayleigh, he discovered 
argon. Besides the discovery of helium, he has 
identified and measured the previously unknown 
elements in the air, which he has named neon, 
krypton, and xenon. Awarded the Nobel prize in 
chemistry in 1904, he has been honoured by prac- 
tically all the most famous learned and scientific 
bodies of Europe. 

Ranke, Leopold von 

b. Wiehe, Germany, l>e«!mber 21, 1796. d. Berlin, May 22, 1888. 

Educated at Leipsic, he held professional ap- 
pointments at’ Berlin, became historiographer 
of Prussia, .and wrote many notable volumes on 
history. His works are distingui.shed by their 
statesmanlike breadth of view, but they rather 
ne^^lect the social side of national development. 

Raphael (or Raffaello Sanzio) 

b. Urbino, Italy, March 28, 14'<3. d. Borne, April 6. 1620. 

The prince of painters was the son of a poet 
and painter, and from an early age began the 
study of art, under his father and Vite; then, 
after the death of the former, under Perugino. 
The latter he excelled, and, going to Florence at 
twenty-one, was ripe for the influence of Michael 
Angelo and Leonardo da Vinci. For four years 
he lived in this atmosphere of supromo art, and 
executed some of the noblest of his works. In- 
vited to Rome by Pope Julius IL, he spent there 
the last twelve years of his life, and in that time 
produced an amazing number of works. It was 
as if he foresaw that his years were to be few — he 
died at thirty-seven — and that he must labour with 
all haste. Hard as he worked, he never permitted 
any of his pictures to .suffer from lack of due care. 
He erred, indeed, in the opposite direction, seek- 
ing to cornbino too many perfections, and falling 
short of his own best. Ho loft an enormous num' 
her of paintings, portraits, studies, drawings, 
sketches, and studies. Besides this, he was a 
sculptor of high ability, and acted as master 
architect of St. Peter’s at Rome, in addition to 
superintending the excavation of antiquities. A 
man of many friendships, to the end he was un- 
spoiled by his success, and was said to be beloved 
not only by all men, but by the very brutes. 

Ray. John 

b. u«iir BnUuU^e, Eimx, Morember 99. ISST. 

il. near firalutraa, January 17. 1706. 

The son of a blacksmith, he became a Fellow of 
Trinity College, and devqted himself to natural 
history. His olassiflcation of plants was the foun- 
dation of the ** natural system ” ; his aoologioal 
works were the basis of all modern toology. 
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Rayl«i«h, John William Strutt, Lord 

b. Wltluuu, JhMX, MoTember lit, 1841 

At Cambridge be was the Senior Wrangler and 
Smith's Prizeman, and became, at thirty >8even. 
Professor of Experimental Physics there, and 
afterwards succeeded Tyndale as Professor of 
Natural Philosophv at the Royal Institution. His 
most popular work was the disooverv, with Sir 
William Ramsay, of argon; but his labours in the 
whole field of science have been of the greatest 
importance in many directions. He has not hesi- 
tated to go again over ground broken by others, 
and the result has been that either he has said the 
final word upon the subjects, or opened up 
entirely new horizons of discovery, 

Rembrandt, Hermanaxoon van Rhyn 

b. Leydeu, Holland, July 16. 1S07. d. Auastenlam, October 8, 1666. 

His father was a prosiierous miller, and he was 
afforded a good education, though his art was 
mainly self-developed. He showed much inde- 
pendence of convention and example, and went to 
Nature for his inspiration. His works became 
famous until disaster overtook him. His wife, 
who had brought him a fortune, died; then ho 
became bankrupt, and saw all his treasures sold. 
His closing years were passed in poverty and 
wretchedness. He toiled incessantly, but his art 
had declined in popularity, and the creator of 
some of the noblo.^. work.s in existence had to be 
buried at the public expense. 

Rennfe, John 

b. EMt Lothtui, June 7, 1761. d. London. Ootnber 4. ISm. 

He began life as a millwright, but by great 
diligence became one of the foremost engineers of 
the age. The Southwark, Waterloo, and London 
bridges were built from his plans, while de- 
signed the London Docks, the India Docks, and 
others in the provinces, as well as the dockyards 
at Portsmouth, Chatham, Sbeemess, and Ply- 
mouth. 

Reynolds, Sir Joshua 

b. new riymuuth. July 16. 1?JJ. d. London, Februwy 23. 1762. 

Educated by his father, a schoolmaster and 
clergyman, he afterwards studied painting in 
London and at Rome. Then he caught a chill, 
which rendered him deaf. Returning to London, 
he rapidly established a high reputation as a 
painter, and upon the formation of the Royal 
Academy became its first president. In the fol- 
lowing year he began his famous Discourses ” to 
the students. Three years before his death his 
sight failed, and he was compelled to relinciuish 
painting. His portraits placed him at the head 
of the English school of portrait-painting, in 
which he has never been surpassed. He enjoyed 
the friendship of the literary lions of his time, and 
founded the Literary Club, which had among its 
members Johnson, Garrick, Burke, Goldsmith, 
Boswell, and Sheridan. 

Rhodes, Cecil John 

b. Bishn|»-8tiortford, July 5, 1863. d. near Cape Tovn, March 20, 1602. 

A son of the rectory, 

search of health to Natal, and remained, to make 
a fortune from the Kimberley diamond-mines. 
But, while he was making himself one of the 
richest men in the world, he was dreaming dreams 
of empire — of a stretch of ** all RritiaVi 

from the Cane to the Zt 

England, and took his B.A. and M.A. at Oxford 
University, and was for a time a law student. 
While South Africa was developing, he financed 
many undertakings which were making for pro- 
gress, entered the Cape Parliament, and was 
hoi^cful enough of the future to decline the invi- 
tanon of his friend. General Gordon, to accom- 
pany him to Khartoum. Foiled by the Cape 
Parliament in the attempt to take over a large 
part of Beohuanaland, he was more suooessml 
with the Imperial Government, by which he was 


appointed Deputy Commissioner for the new •Pro- 
tectorate. Events marched quickly now. He con- 
solidated the various diamond-mining oon^aniee 
at Kimberley, b^ame Premier of the Ca|i6 Parlia- 
ment, and secured a charter for the British South 
Africa Compaq, whose territory is now known 
as Rhodesia. The Jameson Raid into the Trans- 
vaal, in 1896, checked his political career, but not 
his imperial projects. To the end he was actively 
engaged in furthering his scheme for making 
homes in South Africa for the British polonists. 
He died of heart disease, the oomplamt from 
which all his life he had suffered. His will is a 
notable document. It includes bequests to Oxford 
University, and provides scholarships for English- 
speaking students from various parts of the world; 

Richardaon, Samuel 

b. Derbyahlru. 1686. d. T«ndon. July 4,.17a. 

The father of the English domestic novel was 
the son of a carpenter and joiner, and was ap- 
prenticed to a London printer. His proficiency 
with his pen in an age when penmanship was a 
rare art among the lower classes led to his fre- 
quent employment by young people desiring to 
oorrespona^ with their sweethearts and relatives. 
This practice gave him an insight into the ways 
and needs of humble life, and led to his publish- 
ing his first book — a volume for the instruction in 
letter-writing of the illiterate. The same didactic 
scheme prompted the writing of his novel 
“Pamela,” which he designed ‘‘to cultivate the 
p^rinciples of religion and virtue in both sexes.’* 
The book had a remarkable vogue, and w- 
couraged him to patient effort in the production 
of his masterpiece, “Clarissa Harlowe,” which 
Johnson declared to be the first book in the world 
for if« knowledge of the human heart. 

Richelieu, Armand Jean Dupleaals, Cardinal* 
Due de 

b. Poitou, France, Septemlier 5, 16K.1. d. Faria. December 4, IStt. 

Born a son of the Grand Provost of France, he 
aspired to a military career, but upon his brother 
throwing up his bishopric to become a Carthusian, 
the younger Richelieu had to succeed him, and so 
did, when twenty-two. In 1614 the States General, 
which was not again to be convoked until 1789, 
assembled, with RicheliCu as a deputy from 
Poitou, His support of the queen-mother, Mary 
de Medici, led to her appointing him as her grand 
almoner, and his political career had begun. He 
rose to the position of Secretary of State, but fell 
when she retired to Blots, and acwmpanied her 
thither. He succeeded in reconciling the queen 
and her son, Louis XIII., and was apnomted 
Minister i:^ the latter. Thenceforth Richelieu was 
virtually King of France. He crushed the plot- 
ting nobles, who were battening like birds of prey 
upon the country ; he destroyed the political 

ower of the Huguenots, struck heavy blows at 

pain and Austria, and vastly extended French 
influence. A prince of schemers himself, he was 
constantly plotted against, and was seldom free 
from danger. Personal ambition had no part in 

Ol 1116 uouiii^^ uy straii^Lnouiiii; me i^rown* AXi 

constitutional government and all vestiges of local 
liberty were destroyed. He was merciless and 
implacable, but it was against the most pdwerful 
foes of his country that his blows were chiefly 
He prepared the way for tl 

Richter, Jean Paul Friedrich 

b. Wimsfedel, WmifrU, M«rch 21, 17S8. d. Beyranth, Novanbor 14, 1868. 

A famous humorist, and one of the most gifted 
of German writers, he had a long and hard 
struggle with fortune before winning recognition. 
His first writings were a failure, and he had to 
eant his bread by teaching while writing works 
which were to make him one of the most famous 
men of his era. Success having once come to hin^ 
it stayed, and he was almost idolised by his 
generation. 
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MdUy, Nicholas 

li. U»tt«hbtle, Noribttmbsrlaud, a\>oni IROO. d. Oxtord»Oct. 10. HiM. 

After studying at Cambridge and on the Conti- 
uenty he became domestic chaplain to Cranmer 
and Heury VIII., Bishop of Rooheeter, and finally 
Bishop of London. An ardent advocate of the 
Reformation, he was arrested under Mary, and 
after a long imprisonment was, with Latimer, 
burned as an obstinate heretic. 

iln, August* 

h, PaH«. Nor., 1840. 

Although receiving an artistic training, ho had 
in early manhood to engage in menial labour for 
a livelihood, but became famous at once with the 
bust called “ The Broken Nose,'* which was ex- 
hibited when the sculptor was only twenty -three. 
Like other groat artists, he has not always had 
the critic? on his side, but later years have 
brought him indisputably to the head of his pro- 
fession. 

Rodney. George Brydges. Lord 

b. Wultoii'Oii-l'hauiM, Feb. 19, 1719. d. London, May 04, 1792. 

He served in the Seven Years War, gained a 
great victory over the Spaniards at Cape St. 
Vincent, captured Martinique, St, Lucia, and 
Grenada, and, by defeating the French at Havre, 
destroyed the flotilla by which it had been in- 
tended to invade England. 

Rotnilly, Sir Samuel 

b. London, Marob 1. 1787. d. Loiidoit. Nov. 2, 181S. 

The son of a watchmaker, he became a great 
lawyer, and attained to the position of Solicitor- 
General. He is famou.s for his untiring efforts to 
reform the criminal law of England, which, in his 
day, was a barbarous code, including capital 
punishment fof comparatively trivial offences. 
When sixty-one he lost his wife, and was so dis- 
tressed at her death that he took his own life. 

Romney, George 

h. Diiltnii, Laiic 4, Dec. 15 17.14. d. Kendal. Nov. 15, 1802. 

He joined his father in the workshop as a 
cabinet-maker, but showed unnii.stakable Mvidonce 
of goniu.s as an artist, and eventually became one 
of the most distinguished of English portrait- 
painters. The most famous of his works are his 
portraits of Lady Hamilton. His paintings have 
increased in value to thirty or more times the 
pric.is which he obtained. 

Ronalde. Sir Francis 

b. Ixitidon. Feb. 178B. d. Battle. S, 187.1. 

A London merchant’s son, he early interested 
himself in mechanics and electricity, invented an 
electric telegraph, and established it, with eight 
miles of insulated wire, in his garden at Ilanimer- 
smith. He offered to demonstrate his invention 
before the Admiralty, but wa.s answered r “ Tele- 
graphs of any kind are now totally unnecessary, 
and no other than the one now in use will be 
adopted." The one then in use was the old 
semaphore. He liore his rebuff with much good- 
humour, bade *'a cordial adieu" to electricity, 
and set himself to the invention of an instrument 
which has proved invaluable to meteorologists and 
physicists. Wheatstone and Cook afterwards de- 
veloped the Ronalds telegraph, and had it publicly 
used twenty-one years after he had offered it to 
the Admiralty. 

Rontgea, Winiam Roared voa 

b. Leuitp, GfTrosiiy, lUrch 97, 1845. 

^ He was trained in Holland and at Ziirioh, and 
began to teach at Wiirzburg and Strasbur^. At 
the former place, while experimenting with a 
highly-exhausted vacuum tube on the conduction 
of electricity through gases, he discovered the 
famous X rays, now called, in his honour, Rbntgen 
rays. He has distinguished himself in other 
branches of science, but it is by this discovery that 
he is popularly known to the world. 


Roee, SaWator 

b. tir. Nuplm, Jinm 20, 1015. d. Borne, Mereh 15, 1875. 

Intended for the Church, he devoted himself to 
musical composition, but. by fr^uenting the studio 
of his brother-in-law became imbued with a love 
of art, and adopted painting as a prb|eEsion. 
After working for some time in obscurity, he 
attained fame with his picture, “Tityrus tortured 
by the Vulture"; and, removing to Rome, raised 
himself to independence and celebrity. He was 
gifted as poet and satirist, as well as musician 
and painter^ and his writings are still road. In 
art he was distinguished by the gloomy grandeur 
and terrible magnificonco of his pictures. 

Salt, Sir Titus 

b. Morley, VorkB, a,.p. 20, ISOJI. d. SaUalre, York*. Dec. 29. 1978. 

The son of a cloth manufacturer who turned 
farmer. Salt was brought up to the trade of a 
wool-stapler, and invented a process for turning 
to profit alpaca, a fabric which had previously 
defied all efforts to render it saleable. Salt 
accomplished with alpaca as great wonders as 
Lord Masham achieved with silk-waste, and 
founded the model manufacturing town of Saltairo 
for his works and workpeople. 

Sand, George 

b. Fiiriii. July 2. 1804. d. Nobant, Vraticc, June 7, 1876. 

" George Sand ” was the assumed name of 
Amantine Lucile Aurore Ditpiu, Baroness 
Dudevant, novelist, playwright, and miscellaneous 
writer. Married at eighteen, she quitted her 
husband for the Bohemian literary life of Paris, 
where among her intimates were Jules Sandeau, 
•Alfred do Musset, and Chopin. 

Sappho 

b. Mytilene Aala Minor. 7th Ontuiy, B.r. 

Ju.st as "The Poet" served as sufficient 
description of Homer, so "The Poetess" was the 
description of Sappho, one of the greatest of 
(ireek l.vrist,s. Only two of her odes, and about 
150 scattered, broken lines remain, but by ancient 
writers and modern she is proclainicMl the only 
poet whose every word has a seal of absolute 
perfection and inimitable grace. 

Sargent, John Singer 

h. Florciuti, 1888. 

The son of an American physician, he grow up 
in an artistic atmosphere, and, trained by Carolus 
Duran, has developed into one of the foremost 
portrait and genre painters of the age. 

Seundereon, Nicholas 

b. Thurlston, Vorki>, Jan., 1682. d. Boxworth. Canihs. April 19^ 1759. 

Although blind from infancy, he became an 
accomplished scholar and famous as a lecturer at 
('ambridge University, whither he was taken as a 
poor student by a sympathetic friend. 

Savonarola, Girolamo 

Ik Femra. Italy, Sep. 21, 1482. i1. t^'lorviice, May 2:1. 14A8, 

First a Dominican monk and later prior of St. 
Mark’s, Florence, lu^ had enormous inffiience by 
his fearless denunciation of the vice and corrupt ioii 
in Church and State. He brought about a great 
religious revival and led to the overthrow of the 
Medici, but the lasting animosity of Pope 
Alexander VI., whom he had assailed, brought his 
arrest and barbarous execution. 

Schule* Karl Wilhelm 

b. Stralraud, Deo. 2 . 1742 . d. Kopinir. Svedeti, M«y, 1796 . 

While serving as a chemist's apprentice, and 
afterwards as a pharmist, he made an unparalleled 
series of discoveries, in the course of which, 
independently of Priestley, he discovered oxygen 
and nitrogen. Among his many other discoveries 
were; Oxalic, tartaric, citric, lactic, and arsenic 
acids and their salts; baryta and the salts of 
barium ; uric acid and the composition of prusMc 
acid and Prussian blue. 



Schiltor, Johann, Chrtotoph Friodrich Ton 

bb 0«rtitMur. Vov. 10. 17M. d. WcluiM-. Mmy 0. 1009. 

The son of an army surgeon, he first tried the 
law, but turned to medicine, and entered the army 
as a surgeon. But the pen early claimed his 
affeotions, ahd at twenty 4hree he was in disgrace 
for a play of revolutionary tone. He fled from 
Stuttgart, and though afterwards his successes as 
dramatist and poet were second to those of no 
other man of his age, he and poverty were never 
for lonff strangers.* Philosophy and poetry are 
admirably blended in his works. With Goethe he 
succeeded in olovatii^ the German drama and in 
moulding and purifying the thought and language 
of a great people. 

SohobeH, Frmnz Potsr 

b. Viniita, Jmi. 31. ITS?. d. Vicitna. Nov. 19. 189S. 

The son of a musician, ho early showed a genius 
for oomposition, but tl^ times were not propitious, 
and the privations which he suffered during youth 
brought him to an early grave. Ho oompmed 
500 songs, among which are some of the loveliest 
ill existence, ten symphonies, six masses, several 
operas, cantatas and overtures, and a host of 
sonatas and other compositions. 

Schumanii, Robert 

b. Ewickau, Saxociy, June S. 1810. d. naar Boau, Oannanr. July 99, 1806. 

He did not take up the study of music until 
twenty-one years of age, but two years later he 
published his first important romposition, and in 
the following year began his w'ritings on music. 
His subs^uent career was chequered. Beautiful 
compositions were followed by spells of madness, 
and ho died in an asylum for the insane. His 
music is distinguished Ib^ freshness and originality, 
much piquancy in rhythm and wealth and resource 
in harmony. 

Scipio, Publlua Comollua Afiricaniis Major 

b. 337 a.c, d. Campuiia, lUly, ISS a 

A soldier from his youth up, he gained great 
successes for the Roman arms, end caused the 
recall of Hannibal from his invasion of Italy to 
defend Carthage. Scipio inflicted upon him his 
only defeat, and ended the second Punic War. 

Scott, Sir Waltor 

b S'llnbuirh. Anir. 16. 1771. d. AbhoUfonl, Sep. 21, ISK. 

An early illness, though it left him lame for life, 
was a blessing in disguise, for he was given the 
run of an ample libraiy', there to store his mind 
with reading which no ordinary boy would have 
attempted. Brought up to the law, as his father 
had b^n,. he first neoame known by translations of 
German writings, follow ing this with poems of his 
own. His original poems speedily brought him 
fame, and fearing that ho might sacrifice this if ho 
appeared aa a novelist, he published the earlv 
volumes of the immortal ** Waverley ” novels 
anonymously, and stoutly denied the authorship 
when challenged. Not until twenty-five of them 
had appears did he publicly admit their 
parentage. A secret ^ partnership with the 
Ballan^nes proved an inauspicious venture, and 
upon Castable taking over the business and 
failing. Scott became involved in a loss of 
£120,000, in addition to £30,000 private debt. 
His declining years were devoted to paying off 
this sum. and in the end, after his death, every 
creditor had his due. Not only did Scott write 
IKiems ' and novels and a vast number . of 
miscellaneous articles ; he edited large editions of 
Dry den and Swift, and wrote a nine-voluine 

Life of Napoleon.'' His baronetcy was conferred 
by George Iv., of whom the Jacobite genius was, 
paradoxtcally enough, an ardent admirer. 

e2 


Sel4ea, Jeba «» 

b. fitlvtitfi «I, SttMM. Dec. M. ISM. 4. toiidkst, KoH. St. 16S4, 

A poor boyt bred to the U*w, he became a 
successful lawyer, but found time for wide and 
profound study, and for the production of -deeply 
learned historical, antiquarian, and legal worlcs. 
His resolute stand for liberty caused him to be 
imprisoned for nearly a year in the Tower, without, 
however, abating his zeal for the right. ^ He helped 
to draw up the Petition of Right, but did not take 
part in the impeachment of Strafford or in Laud's 
prosecution, while ho was opposed to the execution 
of Charles I. 

Shafteabunr* AnthoaT Aahleir Cooper, 7th 

Earl of 

b. LouSoii. A|irtl 9B. 1601. d. FoUiMtouc. Oct 1. 18S9, 

While still a schoolboy he determined to devote 
his life to ameliorating the condition of the iioor. 
Ho hcli>ed to reform tno law in its relation to the 
treatment of lunatics, for the prevention of the 
employment of boys as ohimnoy-sweepB, and for 
the Factory and Workshop Regulation Acta He 
was a devoted friend of the Ragged School move- 
ment, and was a foremost figure in all the social 
reforms effected during his lifetime. 

ShaKespeare, William 

b. StniluH-ou-Avoii, Ap. 23 1961 d. Sintford-on-Avon, .ip. 33. 1616. 

The greatest of dramatists and one of the most 
gifted of poets had for his father a fellmonger 
and glover, while his mother was a woman of some 
fortune. Comparatively little is known of his life. 
A reverse in tne fortunes of his father compelled 
him to take service, with but scanty store of 
education, as apprentice to a butcher, while there 
is a tradition as to his being employed in the offico 
of an. attorney. Married, while a youth, to Anne 
Hathaway, he was the father of a daughter at 
nineteen,' and a few years later ouitted his native 
town, impelled, it is supposed, by a prosecution 
for decr-stealing. His early life in Ijondori is 
obscure, but it is supposed tbat at the outset ho 
earned a livelihood by holding horses near the 
spot where he was to gain more or loss renown as 
ail actor in his own plays« The first of these, 
preceded by the poems "Venus and Adonis" and 
" liucnice,’* was probably " Love's Labour's Lost," 
followed by the " Comedy of Errors," "Two 
Gentlemen * of Verona,” and " A Midsummer 
Night's Dream." Play followed play with 
amazing rapidity, the author's genius developing 
in new diref;tion.s with each production. " The 
Merry Wives of Windsor ” is said to have been 
hastily produced in compliance with Queen 
Elizabeth’s command that he should exhibit 
Falstaff in love. Shakespeare was by this time a 
prosperous man. He wrote for the hour, not for 
jiosterity. 

" For gain, not glory, wing'd his roving flight. 

And grew immortaf in his own despite." 

His raw material for comedy and historical drama 
and tragedy he took from various sources— old 
plays, md chronicles, the writers of antiquity. 
“TSi© Winter’s Talc" dramatises a novel. Ho 
bought a residence at Stratford and another in 
London, and died at the former in his forty-ninth 
year, ^ven years elapsed between his death and 
the appearance of the first collected edition of his 
works, and scholars to* this day are not able (o 
say quite where his pen ceased and others began. 
The mystery is little less perplex than that by 
which the works of Homer are invesbid. But 
those works, wholly bis, or touched here and tl^re 
by the hand of a colmborator. remain the chief 
literary Witage of the Anglo-Saxon r^, even if 
Landor spake not truly v^en be said ** Shaken 
spearc it not our poet, but the world’s I" 
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Expelled from Oxford University for an^ 
Atheistical pamphlet, Shelley, out of chivalrous 
deeire to save from suicide the daughter of a 
ooffoehouse-keeper, married her. He was nineteen, 
— rvu ■^hree years after- 

wards, and he went to' Switserland with Mary, 
daughter of William Godwin, whom, upon the 

aiiirttrlA nf hid wifdi tio mart>tAr1 T'Ka ■cknrtnrl iinir^n 


his body, recover^ eleven days later, was burned 
upon the shore in the presence of his friends 
Trelawny, Leigh Hunt, and Byron. 

Sidney, Sir Flsliip 

li. Fnitham, K«Mt, Kov. S8, 1554. d. Zuiplieu. UuIIiiud, Out. 17. KUS. 

Warrior, statesman, poet, he experienced the full 
foro(^ of a capricious queen’s power to wound a 
subject, and met his death in an expedition 
against the Netherlands, undertaken for policy's 
sake at Elizabeth’s behest. His literary master- 
pieces were unknown to the world at large during 
his lifetime, for, though celebrated in Court circles, 
they wore not published until after his death. Hts 
writings have proved a well of inspiratihn at 
which many later i)oots have drunk deep; his 
career was a pattern to all who strive to live the 
life of a true gentlc.man. 

Siomwnt, £rnst Wnrnar 

h. Uutht. OtnfULuy, D«c. 13. ISIS. d. Berlin. D«c. 6, ISSi. 

After fifteen years* service in the L^russian 
Army, he established works for carrying out many 
of the electrical inventions with which his fertile* 
brain teemed. 

SUmana, Sir William 

1» l^nitlw. GcrwMMiy, April 4. IKti. d. I^tud »«. Nor. IS, ISRtt. 

The younger and mor<' distinguished of tht' 
Siemens brothers came to Englaud poor in ]K)cket. 
but rich in scientific knowledge, and aft4*r many 
trials, established a great and successful business. 
Naturalised, he was the recipient of many 
distinctions for his inventions in metallurgy, and 
contributed works of great value to the scientific 
literature of the period. He and his brother 
generously helped the movement for the better 
education of aspirants to careers in science. 

Slmpaon, Sir Jmmea Young 

b. Sootland, June 7. IHll. d. Kdfiibnrfb, Miiy 6, 1S70. 

The first man to introduce anssatheticH into 
British surgery was the son of a humble baker. 
He made many experiments before discovering 
the value of chloroform for his purpose, and fought 
a long fight against bigotry and prejudice before 
making his practice popular. 

Smllh. A 4 «m 

h. KlrkoAldr. June 6, IW. d. Edluluirtfb. July 17. 17S0 

After study at Glasgow and Oxford and filling • 
professorial chairs at Edinburgh, he travelled as 
Hutoi* to the Duke of Buooleuoh, then setHcd down 
to studious retirement and the production of his 
famous works on iioHtical economy. Of these 
the “Wealth of Nations” remains still the 
economists’ guide and source of inspiration. 


U AtlMiUfi, »l»ont 470 B.r, <*• Ath«ii«, 390 fcf. 

After following the calling of his father, that of 
a sculptor, Socrates gave himself up entirely to 
the study of philosophy, which ho taught and 
expounded to such famous pupils as Plato, 
X^phon, and Aloibiades. . His life was one long 
campaign for truth and virtue. In his old age 
hti enemiea charged him with' impiotj and w^h 
corrupting the morals of the youth of Greene. He 


defended himself in a noble speech, but the verdict 
of partial judges going against him, he drank 
hemlock in nis cell, surrounded by his disciples. 

SophiOGlea 

b. Ill . Athnii, 496 1I.C. d. >th4uiP, 405 B.0, 

One of the three 

atAOy j.aao vjr vutavj^ 

years, in a tragic competition when twenty-eight 
years of age, and reigned supreme until Euripides 


world some of 

me masierpieoes ox numan genius. 

S|M»lLe* John Hanning 

K lliuluUer, M»y 4. JS37. d. B«tb. B«p. 15. 1861. 

After service with the Indian Army, ho explored 
the Equatorial lakes of Africa in company with 
Burton. While travelling alone he discovered the 
Victoria Nyariza, and in it the long-sought source 
of the Nile. 

Spanoor. Havbart 

b. Durby. April 27, IS®. d. Dec. 8. 1906. 

His father, a schoolmaster, intended him to 
follow the occupation of a railway-engineer, but 
Spencer throw up this calling for that of letters, 
and from early manhood began to develop the 
ideas which were eventually to issue in his 
System of Synthetic Philosophy. His writing 
have had a profound influence upon the thoi^nt 
of his own country, and an even greater e^ci 
upon foreign peoples, into whose languages they 
have been translated. 

Spenser, Edmund 

b. Loiidou. about lC2i. d. I.oitdou, Jan. 13. 15C9. 

Born of poor parents but good family, he pro- 
ceeded from Merchant Taylors’ School 1o Cam- 
bridge University. Winning the friendship of Sir 
Philij) Sidney, to whonv he dedicated his “ Shep- 
herd's Calendar,” he was appointed, through 
Sidney’s uncle. Lord Leicester, private secretary 
to Lord Grey do Wilton when the latter was sent 
to repress the rebellion in Ireland. Before cross- 
iiig over, Sponsor had befiruii his “Faerie Queen,'’ 
and continued at his task in Ireland amid fierce 
fighting and plots culminating in the destruction 
of his own home there. Although he enjoyed ^reat 
literary fame, his fortunes were of the moat dismal 
character, and ho died in London utterly destitute. 

Spinosa, Benedict Baruch 

li. Aiufcterdiiui, Nuv. 24. 16S2. it The Haf ue, Feb. 21, 1677. 

Excommunicated by the Jewish community, of 
which he was a member, he supported himselx b ; 
grinding lenses, so that he might compose his 
works on philosophy and pantheism, which were 
destined to form the acknowledged basis of much 
of modern German philosophy. 

Stanley, Sir Henry Morton 

li. Ueiiblfb, Walee. 1841. d. Loudou, May 10, 1904. 

His name was Rowlands, but on making his way 
from his poverty-stricken home to New Orleans, 
he adopted the name of an American Stanley, who 
befriended him. On growing up, he fought in the 
American Civil War, turned newspaper corre- 
spondent, and was sent on behalf of an American 
newspaper to the Abyssinian War. He so 
impressed’ his employer that later he was com- 
missioned to head an expedition into Africa in 
search of Livingstone. This mission he accom- 
plished, and afterwan^s made important explora- 
tions, and established Tor the King of the ISetgians 
the Congo Free State. From another of bis 
expeditions the British East Africa Company 
developed; While his final and nqt least notable 
journey through the Da-rk Continent was tinder- 
taken for the relief of Emin Pacha. Stanley 
married the skilful artist, Miss Dorothy Tennant, 

' who survives him. 



THS «VMLP*S OUBAT MBN 

Sir lUchmrd 

b. Doblln. MrtTob l«Ta. d. nr. C»niurth6ib Sep. 1. im 


mmoriai. n.is ooiiaDoraciou wiui ziuuieuu lu t>uu 
* Tatler ** and “ Spectator ” was most happy, 
though the two friends ultimately quarrelled. 

Stephanaon* Gaorge 

b. nr, NewitMtle, Junes, 1781 . d. nr. Cheeterfteld, Aug. 13 , 1848 . 

First a farm-hand, next fireman at a colliery, he 
devoted his pocket-money as a youth to learning 
to read and writ© and sum. His hrst notable 
invention was a safety lamp for miners. Next 
came his 6rst steam-engine, rendered successful by 
his later invention of the steam-blast. Upon 
becoming engineer for the first railway, he con- 
structed the famous “ Rocket ** locomotive. He 
attained to great prosperity, and was employed on 
many important schemes during the race for rail- 
ways which followed. His son, Robert Stephen- 
son (b. Oct. 16, 1803. d. Oct. 12, 1869), won 
independent renown by the construction of many 
famous railway and other bridges. 

Stavenaon, Robert I^ouia Balfour 

b. Bdiiibttrgb, Mot. 13 . 1850 . d. Suuu*. Dec, 8 . ISiU. 

Intended for the law, he never practised, but 
travelled by strange methods, and turned his 
experiences to account in some of the most charm- 
ing writings in the language. He was equally 
distinguished as essayist and author of fiction, 
while much of his verse is admirable. 

Strabo 

intu«, »ljnnt 6( n.i . d. «liout 31 a.i> 

Little is known of the greatest geographer of 
antiquity, except from the record of his travels. 
These embraced visits to Greece and Italy, Egypt, 
up the Nile, Africa, aud Asia Minor. His work 
surpasses all the other geographical w'ritings of 
antiquity, both in grandeur of plan and in the 
abundance and variety of its materials.’' Many 
of hi.s estimates of the six© and configuration of 
the world were hopelessly wrong, but the perform- 
ance was very wonderful, his scanty resources 
considered. 

SulllTan* Sir Arthur Seymour 

b. London. Mnr 13, 1842. d. London. Nut. 33, IMKi. 

He began his musical career as a choir boy, 
studied at Leipzig, and at twenty years of ege 
had made his name as a composer, ('an tat as and 
oratorios, tuneful ^uga., and hymn-tunes, now 
famous wherever religious music is heard, followed. 
His most famous achievements, however, were the 
delightful comic operas which he produced in 
collaboration with Sir F. S. Gilbert. 

Swedenborg, Emanuel 

h. fHorkholia. Jnn. 33. IRHS. d. lAHidoti, Mnrch 38. 1773. , 

Distinguished as a scholar and military engineer, 
he wrote several works on natural philosophy 
before be began to dream dreams and see visions 
and to eximund the Christian faith as it appeared 
to him. The Swedeiiborgian Church was estab 
lished sixtoen years after his death. 

Swift, Jonathan 

b. Dnbliti, Not. .TO, ISST. d. Dnldin. Oct. 18 , 1745 . 

The British Rabelais was first a power in the 
Whig Press, and afterwards one of the most 
tren^ant writ4!rs on the other side. Jn audition to 
minor incumboricies held earlier, he was Dean of 
St, Pati;ick's, Dublin, for over thirty years. Much 
of bis time was spent in London society prior U> 
this appointment, but it was while in Ireland that 

(H 


he wrote most of his famous retires. His latter 
were clouded by periods of madness, (Upon 


"of the 

age, has become a children's classic. 

Swinburne, Algernon Chnrlee 

b. London, Ajurll S, 1837. 

Son of an admiral, ho quitted Oxford without a 
degree and travelled on the Continent, when he 
was the guest of Landor. His poems, which give 
him undisputed supremacy as a master of metrical 
invention, include some of the most exquisite 
lyrics in the language, while hta prose writings are 
charaoterisc^d by a vigour and charm of exco)i- 
tional character. By common consent, he was the 
only poet worthy to succeed Tennyson as Poet 
Laureate. 

Tacitus, Cornelius 

K Rome, about 53 a.u. d. Bom*, about 117 A.n. 

** The greatest man who has yet given himself to 
the recording of human afiairs,” as Froude 
describes him, was first famous as a legal orator. 
He married the daughter of Agricola, conqucroi 
of Britain, and held oftioes under the State. 

Tasman, Abet Janaasn 

li. liooti'. Holland, about 1802. d. BataTla, Oni. 1858. 

Despatched by Van Diemen, Governor of th»’ 
Dutch Ka.st Indies, to seek the great Soutli 
Land,*’ he discovered Tasmania (calimg it Van 
Diemen's Land). New Zealand, part of the 
Friendly Islands, and ultimately the Bay of 
Carpentaria. 

Taaso, Torquato 

b. BonriiUt, lUly, Marrlk 11. 1544. d. Eou«. A|>rU 25, 1.58.V 

Finding the pursuit of law and philosophy dis- 
tasteful, he succeeded, by the production of n 
romantic poem, in persuading his father to lei 
him follow his bout for letters. His noble epic. 
“Jerusalem Delivered,” was followed by a mental 
breakdown. He imagined his rich and powerful 
friends to be his enemies, and had to undergo 
seven years’ detention in a lunatic asylum. 
During his incarceration he wrote many noble 
verses and philosophical dialogues. Although 
released aud able to continue his writings in free- 
dom, he never wholly recovered, and died on 
being sufumoned to Rome to be crow'ned 
Poet Laureate. 

Tennyson, Alfred Lord 

b. Sommby. LIiicn, Aiut. 8. iMr.t. d. Aldworth, Huswx. Oct. 6. 1NV2. 

' One of a l^incolnshiro rector’s soils, of w hom two 
besides himself were poets, Alfred Tennyson wrote 
verse as soon as he could write anything. He 
completed his education at Cambridge. The bulk 
of his loveliest lyrics were written before he 
passed his thirtieth, year, and at forty-two he was 
promoted Poet Laureate, in succession to Words- 
worth. In 1850 he published “ In Memoriam,V 
which, with the “ Idylls of the King,” constitute 
his noblest work. His poetical dramas^ some of 
which were played in his own time, were of later 
date. His career ensured by a pension bestowed 
while he was yet young, his lot was happier far 
than that which usually falls to a great poet. He 
was created a baron when seventy-five. 

Tealn, NUtoln 

b. SmllJttU, HfrrU. 1S87. 

Educated w'ith a view to devoting himself to 
mathematics and physics, he took up eaginearitig, 
and has become one of the foremost inventprs of 
electrical appliances. 
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TR%o1umt» Wlltiam Hmkmpmrncm 

b. July 16. isn. d. Ixmdon. Dm. tU, 181». 

On his MVt^y homo from India to England at St. 
Haleua, ho caught a glimpse of Napoleon. 
Educated at Charterhouse and Cambridge, he 
turned to art, but neoesaity compelled him to ply 
his pen for a livelihood. When he and Dickens 
were young, he asked to be allowed to illustrate 
** Piol^iok,” and Dickens refused his offer. 
Sustained success did not come to Thackeray until 
towards the end of “Vanity Fair,” which was 
appearing serially. Then it turned completely in 
his favour. His domestic life was unhappy, his 
wife’s mind giving way during the illness of one 
of their children. 

Thamlatoclaa 

b. u)K>tit 52n n.f’. d. 4&S n.c. 

Famous as a general and statesman, he won for 
the 'Athenians the victory of Salamis. 

Theocritua 

b. SyrtusuM, Srd Orntury B.r. d. Sicily (f), about 250 b.c. 

He was the Greek poet of Nature and nastoral 
life, and his influence is to be traced in the work 
of many later classics. 

Thucydides 

b. Athens, About 471 m.c. d. About 401 a.c. 

Warrior and scholar, he was condemned to death 
for his lack of success in the former capacity, but 
retired into exile and began his immortal work - 
the first of critical histories. 

Titian 

b. nr. Vsulcs. AlKiut 1477. d. Vfiiloe. Aug. 27. 1578. 

The chief of the Venetian school of painters 
and the greatest master of colour that the world 
has known, he worked for ninety years at his 
art, and died practically brush in hand. 

TorricellL ETangeliata 

b. FMnsa, ItAly. Oot. 15. ISOS. d. Florenoe, Out.. 15, 1047. 

His discoveries in relation to the gravity of the 
air resulted in the barometer, and his o^eperiments 
with lenses gave us new and better telescopes and 
the microscope. 

Tyndall. John 

b. LrigblInBridgtf, Ir«]And,Aiig. 21, 1S2P. d. HaNlernfrA, Surrey, Di>u.4,lS()3. 

Surveyor and engineer, he distinguished him.self 
as a physicist and scientific author and lecturer. 

Van DyoK. Sir Anthony 

b. Antwerp, If atuIi 32. liOO. d. IaukIoii, t^m:. it. 1641. 

A pupil and asistant of Rubens, he specially 
distinguished himself by. his portraits. His title 
was conferred by Charles I., by whom he whs 
appointed painter to the English (Vnirt. 

Votaaauaa. Dlago Rodriauas do Silya y 

b. ttovlUe, June 8, 1809. d. MAdrId. Aug. 8. 1600. 

Velasquez was his mother’s maiden name. His 
“Water Seller” made him famous, and he was 
taken to the Spanish Court, whore he painted 
scores of works whose glories came as a revelation 
to later generations, hut which in the meantime 
had remained little known in the gloomy royal 
galleries of Madrid. 

Voronoaa, Paul 

b, Votoiib, IWS. ■ d. VahIob, April IS, 1588. 

His real surname was Caliari— Veronew refers 
to his birthplace. He was the last of the great 
Venetian painters. 


VoapueeL Amortgo 

b. FJoi^ucv, March S. 1461. d. Bevllle, fob. 23, 1513. 

The man whose Christian name the American 
(Jontinont bears was sent by his employers to 
Spain, and fitted out one, if not two, of Columbus's 
expeditions. He claimed to have made four 
voyages to the New World, but there is no record 
of his actually having done so. 

Virchow* Rudolf 

b, Subivelbeiu, (lermany, Oct. i.'), 1831. d. Berllu, Sup. 0, IMM. 

The .son of a small shopkeeper, he became 
famous as a statesman, but infinitely more so as 
“the father of modern pathology.” Among his 
many famous achievements was the establishing of 
what Lord Lister calls “the true and fertile 
doctrine that every morbid structure consists of 
cells which have been derived from pre-existing 
cells as a progeny.” Of material results, the 
new Berlin, with its model sanitary system, water 
supply, and hospitals, is one of his monuments. 

Virgil, Publius Virgllius Msro 

1>. Aiidea, Italy, Oot. 1.5, 70 B.v. d. Brundlniuiu. Italy, Sep. 31, 19 ii.e. 

All his life an invalid, he devoted himself 
entirely to literary labour. Ho was tho most 

ainstaking of poets, and laboured incessantly at 

is task. His immortal .(Eneid ho was unable to 
complete,, and left in.structions that, as the manu- 
script could not receive his finishing touches, it 
should be destroyed. Happily this order was 
disobeyed by the instructions of the Emperor 
Augustus. 

Volta. Aleasandro 

b. Como. Italy, Feb. 18, 174.5, d. Como. March 6. 1827. 

Following up the investigations of Franklin and 
Galvani, he invented his Voltaic pile, the first 
instrument which artificially produced electricity, 
causing that science, with chemistry, to develop 
with astounding si>oed and certainty. 

Voltaire 

b. PatIii, Mov. 21. 1694. d. FBrla, May SO. 1778. 

Born Francois de Marie Arouet, he assumed tho 
stylo of Voltaire. Hi.s wdt gained him admittance 
to the French Court, but his sharp tongue twice 
brought him into disgrace. Ho came to England 
and consorted with the loading literary spirits of 
the age, then returned to Paris. Here he got into 
hoi water again, and went ultimately to the Court 
of Frederick the Great, from whom he parted on 
unfriendly terms three years later. He settled in 
Genova until shortly before his death, when the 
excitement of a visit to Paris proved too much for 
him. His lilorary output was prodigious, his 
oorrospondence immense, his influence immeasur- 
able. Ho liad no reverence for good, but he had 
an unfailing eye for evil, and denounced it 
unsparingly wherever ho found it. He helped to 
free Europe of the oppressive feudal bonds which 
bound it. 

Wagner. Richard 

b. L«lpxi;. MAy22.1Ml.*i. d. Venice, IVb. 13. 1885. 

He was a brilliant scholar as a boy, and before 
he was fourteen had translated a great part of 
Homer and written a tragedy. Weber and 
Beethoven inspired him to musical composition, 
but, in spite of his literary and musical gifts, ho 
had a desperate struggle w'ith fortune. It took 
him fifteen years to get a hearing for his “ Faust ” 
overture, and opera after opera was ooldl^v 
received. He was often in great distreaa until 
Ludwig II. invited him to the Bavarian Court. A 
special theatre for his ivorks was built at Bayreuth, 
and gradually his compositions grew in fame. Ho 
lived to see the triumph of his genius. . 
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WnlUco, Atfr«d Russel 

b. Vtk. UoUmJui. 8, 

Educated as a surveyor and architect, he gave 
his attention to natural history, explored, and, 
simultaneously with Darwin, formulated the theory 
of natural soloction. 

Walton* Isaac 

l BUtfbrd, Ati^. 0. inn. d. WlitdiMtcr, iMc. 16, 18SS. 

At one time a Imendrapor in Jjondon, he settled 
down to country life, and wrote his famous 

Cumpleat Angler,’* which, with his classical 
volume of biographies, ranks as one of our most 
precious literar 3 ’ treasures. 

Waahington* Goorgo 

h. BildfM CrMk. Viryiui*. F^b. 22. 1732. d. Monut Vcnioti. Dte. 14, 176S 

During the war in America between England 
and France ho fought under the British flag, but 
in the Rebellion took arms for his native land. 
He handled his forces with supreme ability, and 
though it was an army ilbdiseiptincd, ill-fed, and 
ill-equipped, ho led it in the end to oomplcte 
victory over the English troems. His compatriots 
would now have made him King, but he was as 
modest as he was noble, and though he accepted 
the position as head of the nation, it was only as 
the elected President of the United States. 

WaH* Jamea 

b, Omiiovk, Jail. IS, 173a d. iir. Bli uiiiitfhani, Aug. 16, ISia 

From the shop of an instrumeiitmiuker in 
Tjondon he graduated as mechanic and inventor. 
To his credit stands the practical steam-engine 
and steam condenser. With Boulton he catab- 
Hshed the famous works at Birmingham. 

WalllBgton, Arthur Walleslay* Duka of 

b. Diihllu, April ai, 17®. rt, WiUiiier CuhU**. SWp. 14. 1882. 

He wiw the dull boy of the family, yet in his 
first military action showed genius. He had not 
much faith in a military career, and unsuccessfully 
sought civil employment. His chance came in 
India, when-, in the course of eight years, he 
won great distinction as a leader of men and as 
an administrator. His supreme honours were not 
realised, however, until he took command in the 
Peninsula and drove the French out of Spain and 
captured Toulouse. For this feat he received 
£400,000 from Parliament, with honours in 
fibundance from half the nation.^ of Europe. 
Napoleon’s escape from Elba and the subsequent 
battle of Waterloo took Wellington into the battle- 
field for the last time, and brought him further 
distinctions and rewa*'ds. Entering political life, 
he becarpe Prime Minister, but was not in 
sympathy with popular aspirations, and on one 
anniversary of Waterloo was besieged by a mob 
in his own house. 

Wells* Henrr Georgs 

L, Broiuley, Kent, S«p. 21, ISfS. 

The son of a professional cricketer, he was 
apprenticed to a hnendraper, but perseverance 
emancipated himself, and became schoolmaster’s 
assistant. A course of study at the Royal t’olloge 
of Science brought him under the influence of 
Huxley, by whose aid Ko was able to take first- 
class honours with his B.Sc. degree. A career aa 
a scientist was prohibited by a breakdown in 
^alth. He found his true vocation, however, in 
.jefters, in which ho was destined to play an 
important part as a gifted and original writer 
upon social reform. He is equally impressed by 
the stupidity of the race and by its immense 
possibilities. 
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WikMtetoiie, Gir ClMi^lea 

% QtoiiowWr, FtfV. ISOJ. S, Yiwlf, tk/t, tS, Wi, 

With W.^F. Cooke ho invented the instrument 
out of w'hich has grown the electric telegraph 
system of the United Kingdom. 

Wealeg* John 

bwXS*(]rth. Liuui,JiMMil7(o.8.M701 d, Londott, MMrali a 1791 

**Tho Ignatius Loyoltf of the English Church” 
distinguisned hims^f as a scholar at Oxford 
University, and had been curate to his father and 
a Church missionary in Georgia before entering 
upon the work in Britain whion gave the world a 
new and mighty religious denomination — the 
Wesleyan Methodists. Ko man ever lived a fuller 
life. Wesley’s itineraries of over 260,000 miles, the 
dangers he experienced, the vast literary labours 
he accomplished, the wonderful organisation he 
built up, oonstltule one of the great romances of 
modern biography. He distributed vast sums in 
charity, and, with his brother Charles, wrote a 
number of hymns still in general use. 

White* Gilbert 

h. S.>lhoro«, HftoU. Jolr 18, ITSO. d. Srlbome, Jmie 90. IKS. 

“ White, of Selborne,” was a fellow of Oriel 
College, Oxford, but b(>oame curate of his native 
Selborne. There he indulged his love of uatural 
history and antiquarian interest, and wrote his 
immortal work on his observations. The book, a 
classic beyond price, has done more than any other 
work in the language to inculcate a love and 
knowledge of nature. 

Whitefield* George 

b. Oloiie#kl«r, la 17)4. d. Boakui, 84>i>. 30, 1770. 

While at Oxford he was caught, .by the wave of 
religious enthusiasm which the Wesleys had 
start4<l, and accompanied John Wesley on his 
mission to GcKirgia. U|>on his return he was 
admitted to Orders, but his burning eloquence and 
liberal views oAused the pulpits of the Church to 
be closed against him. Thereafter his life was 
devoted to mission work, in which he had 
marvellous success. Although there were points of 
doctrine upon which ho and Wesley differed, 
Whitefield was a very potent factor in the 
foundation of Methodism. He made seven 
exfieditions on mission work to America, and 
died there. 

Whitney* Ell 

b. WMtburrHifb, Mah.. Opc. 8, ITSS. ri. Mew Harm, Coiiu., Jkii. S, 1828. 

In days when the cotton had io be slowlv 
separated from the sei^d by hand, be gave years of 
his life to the invention of the cotton-gin. At 
last he succeeded, bur unscrupulous rivals broke 
into his premises, stole his invention, and made 
copies of it before he could patent it. The 
invention, which added hundreds of millions of 
imunds to the wealth of America, brou^t him a 
£10,000 grant from the Government, wntoh sum, 
with all his profits, was swallowed up in Uw suits 
undertaken to protect his interests. He afterwards 
realised a fortune as a manufacturer of firearms. 

WUberfmroe. Wllllnaa 

b. Hntl, Aa«. 24, 178a d. Lcmdott. JttIjrSS, M S. 

Closely associated with Pitt, though an 
independent politician* he began as a young man 
his campaign for the abolition of the slave trade 
and for the emancipation of its victims. By 
many of his contemporaries he was doomed a 
fanatic* but. his devotion to the ri|^teous cause ho 
had made his own was crowned with vioto^ after 
a nineteen years’ struggle. The Emancipation 
Blit* hotrevor, was not passed until a month after 
his death. 



ymuie, sir David 

b. Cults, Plfertitir. Nov. 18, 178». d. off tilbnUtor, Jntie 1. I84i. 

He painted before he could write, and though 
scant ily furnished with means, made himself one 
of the most famous genre painters of his age. 

William l„ The Coaauerar 

bt VWaIm, Norinaudy, 193tl or 1028. d. ur. Uoaeii, Sep. S. 1067. 

His father was Robert HI., Duke of Normandy, 
bis mother a tanner’s daughter. Although not 
lawfully entitled to the crown of Normandy, the 
nobles made him successor to his father. Edward 
the Confessor, his cousin, promised him the 
English Crown. Harold pledged himself to help 
William to gain it; but, at the death of Edward, 
was himself crowned. William defeated him at 
Hastings, and was crowned on December 25, 1066. 
The Conqueror was a born statesman and warrior. 
He ruthlcsHly repressed rebellion, he committed 
many cruel acts of tyranny, but he made England 
and the English nation, and historians rank him 
with Alexander the Great, Constantine, and 
Charlemagne. 

William 111. 

b. Tbe Nov. -I, ISV). d. Ix>iidoii, March H, 1702. 

The son of William II., Stadtholder of the 
United Netherlands, ho was the grandson, through 
his mother, of Charles I., *and married the elder 
daughter of James II. When the misconduct cf 
the latter caused the English people to turn him 
from the Throne, William was brought over and 
crowned King. He carried out many rtr iking 
reforms, among which was the making absolute of 
the will of the people, through Parliament, the 
establishment of our modern system of national 
hnance, control of the Army by Parliament, and 
liberty of the Press. This he accomplished in the 
face of many difhcultics, and in spite of many 
attempts upon his life by Stuart adherents. 

Wolmmwt Thornaa, Cardinal 

tk IfMwluh. U71. d. UloMier, Nov. SB. 1R»0. 

His father, a grasier and wool merchant, had 
him educated at Oxford University, and at thirty- 
five Wolsey had become a royal chaplain. During 
the next five years he became indisperisable to 
Henry VIII., who found him a powerful ally in 
peace and war, and made him Lord Chancellor. 
Thwarted in his designs upon the Papacy, Wolsey 
aided Henry in the dissolution of the inonasterics, 
but fell from favour when he failed to secure the 
King’s divorce from Catherine of Arragon, and 
was deprived of his offices. Restored to the 
Archbishopric of York, ho was still obnoxious to 
lords and commons for his unjust taxation of the 
nation, and the wanton insolence* with which he 
had Shaved. Ho was now called upon to take 
his trial for high treason, but died on the way to 
Ixindon. Although a man of many and grave 
faults, he did much for education, and history has 
shown that his own ambitions were coincident h ith 
the interest of his country as he conceived it.. 


Wordsworth, Wllllom 

b. Cjckermooth. April 7. 1770. d. Ky<Ul Mount, April SB. 18«0. 

After completing his education at Cambridge, 
he travelled on the Continent, and IxKjame imbued 
with Republican sentiments, which afterwards 
underwent considerable modification. His friend- 
ship with Coleridge determined his career as a 
poet, and a legacy of £900 from a friend made 
that career possible. His moans were further 
enhanced by an office as distributor of stamps, 
while with the Poet Lauroateship came, of course, 
tho customary pension. Although he travelled 
now and again to the Continent and to Scotland, 
his life was passed almost wholly amid the glories 
of the Lake Country. Wordsworth’s influence 
upon the poetry of the country was second to 
none. 


THS WORLD'S RRCAT MSII 

Wren, Sir Ckrietopher 

b. Kiioylv. Wilt*, Oct. 80. 16J8. d. Hmoptou Court, Peb, 35, 1738. 

The greatest of English architects was a 
singularly gifted man, and was first notable in 
helping to perfect the barometer and as a pro- 
fessor of astronomy. The Great Fire of London 
gave him his opportunity as an architect. Ho 
rebuilt 8t. Paul’s Cath^ral. and fifty of our 
noblest ohurohes, and designea a London of noble 
thoroughfares and magnificent quays Un- 
fortunately there was not available money enough 
to carry out the scheme, but many buildings in and 
about London bear witness to his genius. 


Wycllffe, John 

b. iir, Bichii)ond.Torkii,about 1324. d. Lii itet worth, L’tmhtre.Ileo. 31, 1884. 

A distinguished scholar of Oxford, where he 
became Master of Balliol College, he discharged 
ecclesiastical offices with those of ambassador. 
Op{>osed to tho corrupt and scandalous system in 
the Roman Catholic Church of the time, ho boldly 
addressed the fooplo in pamphlets written in 
English. Previously all writings for public 
jujrusal had been in Latin. He also, with assist- 
ance, translated the Bible into English, and to his 
life’s end fearlessly carried on his campaign for 
the worship of God unfettered by enforced 
confessions to priests, penances, and indulgonoes. 

Xavlar, St. Francla 

b. X«vlrr, Mavarrv, April 7. 1506. d. Biui'Chian. 0»iit»n, D«c. 33, 1603. 

y The Apostle of the Indies ” was associated 
with Loyola in establishing tbe Society of Jesus, 
and laboured with phenomenal success us a 
mis.sioner in the Portuguese colonies in the East. 


Xenophon 

b. Athena. aUmt 480 ac . d. C ori iitl , :S54 

A disciple of Socrates, whoso memory ht 
defended in a masterly work, he took part in the 
expedition of Cyrus the Younger against King 
Artaxerxes Mnemon. After the death of Cyrus, 
Xenophon succooded to the command of tho 
10,000 Greeks, and led them on their oel(*hratocI 
retreat, through 1,500 miles of hostile country, tc 
the sea. As a historian and essayist Xenophon 
occupies a foremost place. 


Xlmenest Cau'dinnl 

b. Torralasaua. Spain, 1436 d. Soa, SpiJii, Nov. H, 1817. 

Although as Grand Inquisitor he put to death 
over 2,500 persons in the sacrod name of religion. 
Ximenes was one of tho noblest spirits of his ago. 
Hi.s virtues made him a cardinal and Regent of 
Spain. He governtMl at eighty years of ago with 
astounding energy and success, broke tho feudal 
spirit of the lawless nobles, restored lands wrested 
from the Crown, reformed finances, and created 
educational institutions on a lavish scale. During 
the tiine of his might and influence he observed tho 
austerities of the cloister, always wearing under 
his robes the coarse frock of the Franciscan monk. 


Zolf EmIU 

b. PftrU, April 3, 1840. 


d, Pwu, s«p; S8, 1303. 


His father, a poor engineer, bequeathed to him 
nothing but energy andi imagination, and Zola's 
early years were a period of terrible povei 
succeeded at last in obtaining a situation ^ 
which enabled him to live until heJi^d 
with his pen into public attentioi 
in literature. His novels are boo! 
power, but many of them pictui ^ 
detail tho most detestable featurea 
of lives; they tdealiso bcstiali4,v. 
heroic part in tho tohabili* 

Dreyfus. 






